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Abstract FEscherichia coli O157:H7 has been considered as a significant food-borne pathogen since its role in causing
hemorrhagic colitis and hemolytic uremic syndrome in humans was recognized. In this study, we developed an
immunochromatography (ICG) assay for the detection of E. coli O157:H7. E. coli O157:H7 monoclonal antibody (EC
MAD) and colloidal gold were conjugated and its specificity was determined by the ICG treated with EC MAb and anti-
mouse IgG at test and control lines, respectively. The detection limit of the ICG was 1x10° CFU/mL, and no cross-
reactivity was observed to other E. coli strains and major food-borne pathogens. To determine the minimum enrichment
time for the ICG, meats and sprouts were inoculated with 1x10 CFU/100 pL of E. coli O157:H7. After enrichment time
of 10 and 2 h for meats and sprouts, respectively, up to 1x10 CFU/100 pL of E. coli O157:H7 could be detected by ICG
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1], AlA, blocking, Hﬂ 4 714 £ 5 98 538 AE
Aot AFAE =FT F Qo] HF 5o QH9H E coli
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S 98 oz WA e mdaznEay JER st
o] AlgE I A, Jung 5(15)2] AFoNAME E coli O157:H7
< A& A AdAzetE Ty NEste] Hxar] 9
237] Tl A& A77F BAEATE ST iR E coli
OI57:H7E 2Fo)| Z& F=g QdE o] Q7] & A 7IX

BHyE AFEL o529 HES Y8 3% A=Y Sdo] &
TEH, SF7FE A OE A5 HFo| o]FoR|A] & A
Aoltt.

Wb B Ao E E coli O157:H7¢) AES 913 W=
EriEaguyE sty Six 2, 227 2 937 59 &
Fol H< go] AAYT JE ABALS gAes H: S
A7He Elste] E coli O157:H7S B} A&sb AZsaat
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Escherichia coli O157:H7(16yS AFE-3IR3L, WAHHESA E91S
e E coli T-3(ATCC 15490), E. coli K-12(ATCC 15490), E.
coli OL:K1:H7(ATCC 11775) % E. coli 078:K80:HI2(ATCC
43896)¢}  Salmonella  Typhimurium(ATCC  29629), Staphylococ-
cus aureus(ATCC 27664), Bacillus cereus(ATCC 21366) % List-
eria monocytogenes(ATCC 19115) 58 ARSI o] &5
E& AW wikstzl A8 trypic soy agar(TSA, BD, Franklin
Lakes, NJ, Difco, USA)$} tryptic soy broth(TSB, BD)E A}-8-5}
A3, AlEe] Zdo] modified EC broth(BD)E AH&-3IA Tt

HelazvEadsye] gyS 913 antibody-colloidal gold
conjugate®] /gl AMEE A= B AP AAE E coli
0157:H7 monoclonal antibody(EC MAb)(16)5 A&-3}31th.

Protein G agaroseZ O|&8t & HX|

W TR utE 23 He| A= antibody-colloidal gold con-
jugates A|Z}s7]o] kA EC Mabs protein G agarose= A3}
o] £43A20 anti-mouse IgG #E TS E 5310 sodium dodecyl
sulfate-polyacryl amide gel electrophoresis(SDS-PACE)Z 22135}

Colloidal golde| XM=}

WAtz 9 He] s 2A] colloidal golde] A2
sodium citrate A (17)0l] Wt AASFATE WA tetrachloroauric
acidHAUCL)E 022 pum filer @748 33} 2R3 001% 5%
7t =5 &3A1A 100mLe F3ted MRLsHA AH 2 Adxd
el 871 ¥ wRkspHA] 7HEeRsiTh &Ho] 7] AlFshH
1% sodium citrate 1 mLE A1&38] H7lete] FA19] gofo] He}
Aol A HZeFAo Rl GAZFQ H3lE &S § FUIE 5
E2F 7HEEAAL, WSl B &2 WZAIA W Baste]

AIstel el ALgsi.

Antibody-colloidal gold conjugatee| =H|

Antibody-colloidal gold conjugates FH]3}7] I8 kA GA|E
EC MAbs} A28 colloidal goldE Roth(18)2] el wha} $H4
At dubE o2 colloidal golde A2 wjult} 2743 e

oA ztel7t YERd ¢ A, 2 AAE B S Adeloly A
5o @Az AdetH Hds el E RS ER(19), WA
colloidal goldE PF3IE & U= A & 2435 EC
MAb:= 2mM borax buffer® F%=7F 0.1 mg/mLe] %S £3)A]
A FHSIAL, colloidal gold&H& 0.1 M K,CO,E ©|-&3l] pH
9007 %43 T E-iube] 1mL® EF3}t}h Colloidal gold
(pH 9.0)7} B35 &9 EC MAbZ 0, 10, 20 2 30-150 uL¥
Y, 2mM borax buffer2 2zt HFS-A9] S 1.1SmLE FYF
A B F A2A 582 BAES §heo] B vk
10%(w/v) NaCl &8 50 ulA H7bstar ZstA wwksted 13
Z 540 nmolY FFEE BRSO ZH colloidal goldS HYBHA]
71 EC MAbS] &S At

STl A9 Yol AA W pH 9.092 ZHE col-
loidal gold -9 20 mLoll EC MAb &8 M3 HAste] 4
204 3087F ¥ 3 10% bovine serum albumin(BSA)E-S
HTEZIE 1% HEs Ariste] oAl A4 A7 St
WHRSFAA WhEAIZ T ghgo] EuE 10,000 rpmell A 15%7F
AR F F5As AASt FMES 2mM borate buffer(pH
1) Al BFAI7IE RIS 3 3] wkEsta HE YA
2 & 1% BSA7} ¥3E 2mM borate buffer(pH 7.2)2 %7|
colloidal gold -&-<9] 1/109+F A71st tha AEEAA 4°Coll B
A3k

Mo =ntETeol e JHet

HAAZrE T HHLS 3 59 pad(sample, 1.5cmx0.5cm;
absorption, 1.5 cmx0.5 cm; conjugate pad, 1.5 cmx0.5 cm)@} nitro-
cellulose membrane(2.5 cmx0.5 cm)©| polyethyleneZoll 2= ™,
7} pade] Az WS o3 Z2th. Conjugate pad= EC MAb-
colloidal gold conjugate®-2 1% BSA 2 1% sucrose”} XE3He
20 mM borate buffer(pH 7.4)9} 1:1(vv)e] BlE&E &3 & 5L
A A ete] 37°CAA 3087 AZ3HA, sample pad= 1%
BSA, 0.5% tween 20, 5% sucrose % 5% dextrose”’} XSHE
50mM borate buffer(pH 7.4)°] 30&7F HAAZ F dry
oven(60°C)AlI A 1A 7F & AZRAIA AE-31H T Nitrocellulose
membrane’d el 2] == control line absorbent padZ-E
0.5cm o}o] anti-mouse IgG FHAFE HHII= test line
absorbent pad°ll4] 1.0cm ¢} EC MAb(I mg/mL)S PBSE
o7 T u) gyste] zbzb | A XBSL 37°CAlA 3087 A
ZAA ARSI absorbent pads THE A 7|§lo] vlZ ARE-
st shEstSATE.

E. coli O157:H79] tgk HHste HAazuEagafye] 1l
AEE 3RIs] 8, E coli 0157:H7S A S| AQ] mEC
brothell 184753 21 & Ywefste] Ede PBSE 3
3] AlFskaL 107 dASAE e R 10°-10' CFUMLE 5]4]314
ZkzF 200 ¥ FH3l HAEIFAE FRISHATE B3 Bl RAE
{3l E. coli O157H7E BIES E. coli K-12, E. coli T3 & E.
coli O78:K80:H12 &< a3} F8 AF=5dd S auwreus, L
monocytogenes, Sal. Typhimurium % B. cereus$}] ILAHESS

CREREY

HI20tETHmHEo 28t AEEA
e AR Ea vy S ol gste] A AReNe] &
A7Fseli-5 FRlsh] g8l Sk Al s
OI5T:HTE o2 LAAMZ F HFerd
o BAsslen, SAlel dE 7kt Ha SIS Sl
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ok WA, SFHEAL7), &3], g9k AR LS 47 25
g? AgFale] Uvstell 11175t A7lete] EH]81152(16,20,21),
mEC brotho| Al 18A17F ¥IFAIZ] E. coli O157:H7 vl 2] wj#]
AES AAS Wi ZE g 7o ASS FHAs) 5] e 2
o PBSZ 13,000 pmeoll A 5EZF A4l4=Al &, 2F 1x10 CFU/100
puL =2 "t PBSE 3|45te] slAdg 100 L3l UVAE]
3lo] Ad Ao AAFOE QFAIZ T A 7HEQE IFA
A AEE FHEY E0E AEE P st "o Y
AeZ=7u]x]2] mEC broth 225 mLE 3713} stomacher® &
3kt TR, 37°CollA] 24X17F 53t Bl FslaA 2417 7HHe = &
T4HE 1 mLy FHske] S AFek T YA PBSE 3
3] AT F HF BFS 200 uLE 2gste] HARmE
e A8kt
EET

EC MAbe| HX|= H|m

Ammonium sulfate FHHeE AAE EC MAbE 534 o)
o= et AT E S o Fetar 7] wEe] WYy
AZulE I He] markerZ AFE-EE colloidal goldol| FAE
s fEliME BAET w2 FAVE B webA
protein G agroseS ©]-83t9] EC MAbS A A3l SDS-PAGEZ
olgate] FAEE &g A, Fig 194 He nps}p o]
ammonium sulfate FAROZ HAAE Ao A o]e]o] o
g FHe wdoe] EAES E1T 4 U%(lane B), protein
G agaroses ©]&3l] AAE A2 Z$-(lane D)= heavy chain
3} light chaintto] £A8hs HYZE2EY GIgG)YS AT &
AT AAE gAY F FS 10mge] ammonium sulfate 3
Holl 2J8] AAE FAZS protein G agarose® FA TS W) oF
1 mge] &F WHS2EHo| 3G Ut

Antibody-colloidal gold conjugate@| HF2A &tol

EC MAbs} 342 colloidal goldE | 2tste] zxtdm 7
mission microscope, TEM)2 ©]&-3}9] gold particle®] Z74S
A¥ek Az F73o] 35-40nm =719 colloidal gold7}F A&E A
gl = th(Fig. 2). Chaudhuri®} Raychauduri(22)= 7HAAd 2
APgell wiol] HeaRrET g /S % colloidal gold
o] H7 7ol o 40nmz EAEta Qo] B Aol Azt
colloidal gold& °F 40nmZ W AZmEI ] sfde] &
kel Zlo 2 FuthEch

A& colloidal gold?t EC MAbS] §dol 24 colloidal gold
E M7= EC MAbS] g Elgk A3, colloidal gold
ImLE EC MAbE 7uL ol H71etds of 2fo] Al A =
EFAS AN oM (Fig. 3), AA FoM= FES g3t
£ 9kl 10% B2 77008 7kl 942 AAElth &
J¥l EC MAb-gold conjugateE control line} test lineoll ZHz;
2] anti-mouse IgG ¥ EC MAb}] Wk R-E 3913t 4
3}, Fig. 4914 H&= H}e} o] EC MAb-gold conjugate= E.
coli O157:H7 ¥4 (A)2] 739 control line?} test line =5F 24
A& AL, E coli O157HT 24 B)IA= control lineol| 4]
qk Ao YePgon, tiETEo 2 A3l bovine serum albumin
(BSA)-gold conjugate(C)E control line¥} test lineollA] 228418
PFAHA] Z= ASZE YeisTh $dE EC MAb-gold conjugate
= E. coli O157:H78] ZAgtel] o3t Jaatgo] doju= A&
Seto =z #EAFE F YAt
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Fig. 1. SDS-PAGE patterns of EC MADb purified by protein G
agarose. lane A: protein marker, lane B: EC MADb precipitated with
ammonium sulfate, lane C: unbound fraction, lane D: bound fraction
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Fig. 2. Photograph of colloidal gold produced by transmission
electron microscopy (TEM)
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2] $MdE EC MAb-colloidal gold conjugates ©
12 o] W anteEaiu s HHslel, AEIE 81l
gt A3 1.0x10° CFUmLE YETHFig. 5). ol2ldt HAEdl=
Jung 5(15)2] AollA i HYAZrtE T uHe] AESH
¢l 1.8x10° CFU/mMLS} A 202 SRIE ). Edl 5ol
ZAE Qe OE @dEEC E coli T3, E. coli K-12, E. coli
OLKI:H7 2 E coli O78:K80:H12¢} F8 25= 1<l Sl
Typhimurium, S. aureus, B. cereus 2 L. monocytogenes}e] W=}
W-e-AS gold A} Table 2004 RE HES: 2ol E coli
0157:H79 &A1= nitrocellulose membrane’d2] control line=}
test lineoll Al A 3H HAAS Bl 4= AL, b2 dFgFEol
A= test lineol] HAAo] YehA] ol wapkgo] gl 2102
I AT

F2 A=) elME B cereust L. monocytogenes©l| A1
control line¥r A do] FFAJ=o] waHHgo] gl o2 <l
H AL, Sal. Typhimurium3} S. aureuss 57+ 1x10” CFU/mL
o] % test lineoll 2FzFe] Aol ERIHY O, #HFTt
1x10° CFU/mLo|std 799l E. coli O157H7S A9e ZE
oA AHSAYS UERNA] kol B AFedlA s wHela
2ZrEIH Y-S E coli O157HTS Eclzo® A% + =
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Fig. 3. Determination of EC MADb amount for stabilizing the
colloidal gold particle.

D s S t

Fig. 4. Confirmation of EC MAb-gold conjugate. A: EC MAD-
gold conjugate in conjugate pad (E. coli O157:H7 positive), B: EC
MADb-gold conjugate in conjugate pad (E. coli O157:H7 negative),
C: BSA-gold conjugate in conjugate pad

E. coli O157:H7 2MA|Zo| E4A
HA37), 237] g @ar] 5o S7e ARAAE o=
A&l ¢ 1x10 CFU/100 uLel E. coli O157:H7S U2l& &
NFA 2427 Fob wjFstmA 247 2o s ujgkdls )
Mg A= Table 33 2l HX32719F Fa7)e 24 6AI7E
A A71E HA 10A7E o) wiE Al E. coli O157:H72] A
o] 7kset Ao E YElTh 8y A2 S HAR ARAIR
o] A% 2AIZF o SdAl WA nEa oS o83t E
coli O157TH7S AZY F AU ol Ay} o= 24
Hol e SF2AY vk AREE FAEe] de Ak 23
U F 23 Fre] o] wiEel Aoz AzHEn 53] S5
23719 AL o 37 ZA=rt ¢ At AE vhse e
4TE gRs] fEixe SRS garle] g s gA
ol H 875= Ao2 RIS Jung S(15)9] AellA 23l
STz} fAREI oW, AA7EA] WY Az elE o wy
o] BIHZR] ¢k AR & A o 2AZF o] FHRke
2 E coli O15TH79] AZEo] 7Fad Aoz Yepydtt. ol &
AR ZEE Fd) 3AIZE o] ®A o] sisEte] Adds ®
oh, Ao SAE E coli OISTHIOE Q13 4559 3
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Fig. S. Sensitivity of the ICG for the detection of E. coli O157:H7.

NC: negative control, numbers on figure mean amount of E. coli
O157:H7

Table 1. Conditions of the ICG for detection of E. coli O157:H7

Parameters Treatments
50 mM borate buffer containing 1% BSA, 0.5%
Sample pad Tween 20, 5% sucrose, 5% dextran and 0.05%
sodium azide (pH 7.4)
Conjugate pad 5 uL of EC MAb-gold conjugate diluted 1/2 in buffer
Test line 0.5 mg/mL EC MAb
Control line 0.01 mg/mL goat anti-mouse IgG
Absorbent pad Without treatment

Working solution PBS
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Table 2. Specificity of the ICG to E. coli spp. and other bacteria

AN EASEA A 43 A A 55 Q011

Number of Bacteria (CFU/mL)

Bacteria 1x10° 1x10° 1x107
Control line Test line Control line Test line Control line Test line
E. coli O157:H7 +D + + + + +
E. coli O1:K1:H7 + - + _ + _
E. coli O78:K80:H12 + - + - + .
E. coli K-12 + - + _ + _
E. coli T-3 + - + - + _
B. cereus + - + _ + _
S. aureus + - + - + 43
Sal. Typhimurium + - + - + +
L. monocytogenes + - + - + _

YAppear red band
?No appear red band
)Suspect (weakly appear band)

Table 3. Determination of minimum enrichment time for the detection of E. coli 0157:H7 contaminated in meats and spouts by the ICG

Enrichment time (h)
Samples”
0 8 10 12 14 16 18 20 22 24
. Control line +2 + + + + + + + + + + + +
Por Test line 3 - - - + + + + + + + + +
¢ Control line + + + + + + + + + + + + +
Bee Test line - - - - - + + + + + + + +
hick Control line + + + + + + + + + + + + +
Chicken Test line - - - - +9 + + + + + + i "
S Control line + + + + + + + + + + + + +
prout Test line - + + + + + + + + + + + +
YAll samples were inoculated with 1x10 CFU/100 pL
»Appear red band
“No appear red band
YSuspect (weakly appear band)
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