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BEFOFERELRTHEME L LOEROEEARIEOH S

W EE gE - EMERLEREENER SBEREDE =R

MRES

AL TIE, BROBRLHERTHET 2720, BEREAMRTEMEORNT, 7
RURERB IOV Y AEPELTHIERESR. 20NV ALY 2B FTASESEL 2
NOEREAMMELZ, BRTLOEERINT IRBIEZERREL, $-RLNERE
HEBEEMTT 5, £, FMEORMEERICESEZH LI A Furr A Lk
ERL, BT ERETHCERT A2 L2EMET D, &BICIE. FhPhoadhs
DIEBE LT F LIV THEIT L, FIRNRERZT) 228015,

IEMEFREE LY AEERHT A HEE LT, U7V A L PR ELEKRL, BE
MHEEORRER AR, FFIC, BRNOEZEEABELMIT L, kRFo7Tr 7
Y3 L AR DNA O 2151 Te 3, DNA i N 7 7 —Tdh 5 TDNA U3
FI ZRAWDZ LICE Y, EERICEAFHEE DNA RENYCTE 7=, FHIH DNA 25 7
L—hE LT, UT/NEALPCRIEEZFHESL CTE, KBICHERB UM LU-Eike . &
ESNTIRMEFERICRROMEEARR O, VT ¥ 4 A PR ECFHANEETHD Z
EIHENPD BT,

BET FNUEE % BHI £5 #1249 0.5 x 10" cfu/ml i3 K5I L, 20 CB LW
30° C T 48 PR L URNMICERELAE L EHHEEAMIT Lz 2 A, SEs D
AT 30°C 1T T 12 BFRE, 24 BRI T OV4S BRI CRIERE & HIZIT—ETH -~ 7228,
20° CTIX 12, 24, 48 R CREAMBEITHMER 28 Lz, 20°C [CB W TEERH D
FERELITIFRT O LICLVREAENENT I LD LEZ BT,

KEFEBEF~A 7 0T RAETHIERER RO BROBEEE Y TNVE A LT
BIEHR D HFIET, B —lcfimrTu bR v A FiiE2RE S, BE2 T,
T —ORE (Bl BE=s— Uk, HEOEESERNLEL DS, bi<




b2 EEOVEE Y —ICEET S, YU RS v FEERWDS Z & FER
FikL LTol.4 nm OSBRI FERESESZ LICL Y, BREEEORERH Y, F
HA~OEHNEER T 10 ng/ml @ SEA DR FIRE L 2o 72,

ROy Ta NV UBEARY T Y 2 EEY, BB v METHEET 5 51E

DR Bk LT, BI%E LB FRaEE ORIk ES B L L, NASBA HEIR UG RE
BE (30 4) OEMELEIENoTz, Fh. T6C M THER Loy T r b o U REAN
YLy o HOBE L EROBREEET A, BRES an=— 25T
BERERPRF L, SHIC, VAV aEHETEOERFEREMO—2THLI L —
BEtpl L LT, BREREEE (10° cfu/g) O CPEEAMEY AV HERIHT LT
BamE L,
NASBA-#%fE 7 v~ MEZFIA L CHE LEBETRERIZ, =70 MUV EANE
oLy 2 ERERICEIIT S 0R2 BT, 10 2E— (5F) O RA & 15 5 ORIE
T O 20 4y O#G SR T4 B B &R EZF LT\ e, VLY BHRHPEOE
RIBEEMO—>Thd I L —2RE e LIEBE, ARG TRERICI Y ETERE
BEEITHY TS 10°cfu/g O CPEEAM Y T LY 2 HEBH Lz, ZOBRIE, BFF
RIEEHBEO YT LY 2 BEBRETE S22/ LTEY, RIERERE, koL ~v
DM AT v 7T v 7 TE D LT,
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N, BRITMEMED - OBIESREFE N,
EHZ5| &R, BRI T e hFY
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F 7 L—TIC bR B @ OEWE 2R,
LU AEELRERIT, BO TE, BT
RBBIOT I UVEBREAETHD Z
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SFEROSIEEEITH SR o T
[AYA4AN

VIV 2EHEFEOBWIILITO X
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A=A LEDTF LUV EE VULV TH
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BREEHOU R a7 7 A NV EERT
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FeSL L7 U 7 VZ A LTER PCR EOH M
P2 REE L7,

REBEFOT T RF LT AD
DNA i % R LTy 7225, DNA fIH S
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FEDDNA 2 ESICHHTE 72, E LV T 2R
FITOVTIT 16S rRNA EETF %, fEHE
T L7 RICHOWTHE CRS BiEFEHRET
5T Ltk W EE L, PCREHOREL
B o TRER, KR O® LU ZEE &
Mg LU A2 EEMICRETE 2
Z D AREEIEHE DA 6 TR
LU ARFEFHOREIC O AR
ThD, TREEDELRRIC 1.9 cfu/g
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HET FURET BLNTHEET 25
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enterotoxins; SEs) %EAT D, B
2 & b2 SEs ZEAKICERT 52 &
IV EEZFEHRE T 5B8RERTEY
BIXH =¥, SBs Id SEA~SEE 0 5 A
ET DI ERMBNTVER, 1990 £
FTUBICHE T T o MU Uik
WCHRE S, BAETIL SEG~SEIX @ 17 &
D #FH E SEs B X ' staphylococcal
enterotoxin— like toxins (SEls) DIEFE
B LDNII2 > TV D, RrIZ, SEG, SEI,
SEIM, SEIN 3 & SE10 BimT Z4RA L.
7> SEA-SEE BfnFZRE LRWERT

RUKREIC L 2 BEPEN B ALH THRE

SNTWDZ EMnb, i SEs/SEls DE
ABREZTEL.EHYHE~OBEEHET D
ZEEAME LT, UTEERT 2,

AEET egc BEBRBOELR IR
TOREOEELFHMIBRIIL. &I
5 DD nRNA BYRE A #RAT L 7=,

SEG. SEI. SEIM, SEIN, SEIO &=
FEBEETHEAT FUKE % BHI 554
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L.20 CR LV 30°C T 48 B LT

BRI EREA R - ERBE M L
& = 7. SEs DEEAERIE 30°C 1B\ T
12 B§MH)., 24 FFfids & O 48 BRI CHEIEBRE
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48 WEECEARBIIHIMER 2T LT,
ZDZ &b, SEG, SEI SEIM, SEIN,
SEIO D EA T BIETEHIT K = 5 23,
30°C TIZEFHICAD LHONCHERE
AVIENH & B DTt L. 20°C 2B W T
BREEHOMBREAIFRKT I LI
L VRELAENEMTIbOLEEZLN
7zo L23U7e285h, mRNA B4 s+
% & 20°C BLW 30°C @FEITRBVTH
BOETEHC mRNA OFBERFE S, &
EHIZIZ mRNA = B —EBAME T3 5 8
TERTH D Z EBRO LN, BB, X
FALINZICBITH SEG. SEI, SEIM,
SEIN. SEIO EEABREH TN L7223, in
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WENEMT 2 Z L BB LN, KR T
DN DHFEROEAEEITL B LH
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BE%E ki L\ D, SEA D HIRRE D
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BEE TR LEEZA, Al b 2
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TOMEFEPLBEDOERIL > TNDIB L
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TV 2 B DA THER S B 5hDE
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ELT, BPFEREFEE (10° cfu/g) @
CPE FEAM Y T LY 2 HE BT 5 HiE
AT LTz,
NASBA-#ZFE 7 v~ NEEFIH L CR%
LIz B FRAEEIL, CPE EAM Y oLy
S EERRENICHRHT20H2 5T, 10
aE— (5F) ORNA % 15 Sy 0HEigR !
20 7 DR SR TREHL 3 2 BREE & e
EFHEL W, Vo Ly o EHARTEDER
REREMDO—2>THHI L —2REE L
B E AKBECTFREECL Y BYERE
B BTN 5 10° cfu/g 0 CPE FEAE Y
T2 EHERE L, ZoOBRIZ, &
BEREFHEOYT LY 2EEBRETE 3
ZEERLTEY., 4%, RIEMOER,
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I Z R TE D,

2. UL o DR E N R
VI o EHORPEERRE AEEIT
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FRPE L. BREET HHITONTI,
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TEMSREICBI L T, b NBE LR A
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DO LRTWREELIEDVIEZL TV
Z L RHEHRNE L IR TR EERIC o
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e vy a5 e k% (CPE)
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L. ZAUE T L C &7 DMEM 85D 7
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Summary

(Received 8 February 2011; Accepted in revised form 14 September 2011)

To determine the amounts of staphylococcal enterotoxin A (SEA), a novel and sensitive enzyme-linked

immunosorbent assay (ELISA) was developed. Protein A, which is produced by Staphylococcus aureus,

interferes with the reaction between SEA and anti-SEA immunoglobulin G (IgG), resulting in a false-positive
reaction. Chicken IgY was introduced as a capture antibody in the sandwich ELISA system, as IgY binds

. less efficiently to protein A. When the anti-SEA IgG antibody was used as the capture and detection

antibodies (IgG-IgG ELISA) the background levels of protein A increased, thus resulting in a false-positive
reaction. A 0.01 ng mL™! concentration of protein A significantly increased the absorbance value of the
blank wells. When the anti-SEA IgY antibody was used as the capture antibody, 1000 ng mL ™' of protein A
did not affect the absorbance value. The ELISA system using anti-SEA IgY as a capture antibody and anti-
SEA IgG as a detection antibody (IgY-IgG ELISA) showed a detection limit of <0.25 ng mL™ and a
creditability of R* = 0.98. These findings demonstrate the advantage of chicken IgY for the detection of

SEA by means of double-antibody sandwich ELISA.

Keywords Detection, enzyme-linked immunosorbent assay, enterotoxin, IgY, protein A, Staphylococcus aureus.

Introduction

Enzyme-linked immunosorbent -assays (ELISAs) are
useful immunological techniques, and are widely used
to detect many kinds of bacterial toxins (Saunders &
Bartlett, 1977; Stiffler-Rosenberg & Fey, 1978; Fey et al.,
1984). Among the many of techniques, the double-
antibody sandwich ELISA is popular, and involves one
antibody to capture the antigen, and another labelled
antibody is used to detect the bound antigen. Both these
antibodies-are usually of mammalian origin. Commonly,
rabbits are used for the production of sera from which
specific antibodies can be purified. Immunoglobulin
(IgG) is well established for its properties, and it has
high specificity and binding affinity to antigens. How-
ever, there are certain limitations in using mammalian
IgG alone in immunoassays. The Fc domain of IgG is the
site for binding to protein A, and it may yield a false-
positive reaction in sandwich ELISA. Protein A also

*Correspondent: Fax: +81 3 3700 9852;
e-mail: ykamata@nihs.go.jp

doi:10.1111/5.1365-2621.2011.02821.x

binds to the Fab region in 15-20% of IgG, IgA and IgM
antibodies of human (Sasso et al., 1989, 1991).
Staphylococcal enterotoxin A (SEA) is a causative
toxin for food poisoning by Staphylococcus aureus.
Most strains of S. aureus also secrete protein A. The
existence of protein A in culture broth and food causes
false-positive results in the immunoassay using IgG.
Immunoglobulin Y (IgY) found in birds is the equiva-
lent of IgG found in mammals. IgY is found in the
egg yolk and serum of birds (Warr e al., 1995). IgY
antibodies exhibit higher antigen-binding affinities.
IgY has two heavy chains and two light chains. The
IgY heavy chain has one variable and four constant
region domains, whereas, the light chains of IgG have
one variable and three constant region domains (Chiou,
2003). These IgY molecules can reduce interferences
with protein A and may provide an added advantage in
immunoassays (Hoffman et al., 1996). However, IgY-
based methods have not yet been completely established.
We herein report the development of a sensitive and
specific chicken IgY-based indirect double-antibody
sandwich ELISA system for the detection of SEA with

© 2011 The Authors. International Journal of Food Science and Technology © 2011 Institute of Food Science and Technology
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no interference due to protein A. The present study
describes the advantages of the chicken IgY antibody to
detect and quantify SEA.

Materials and methods

Staphylococcal enterotoxin A

The purified SEA standard was prepared according to
the methodology described in a previous report (Hu
et al., 2003). The protein concentration of the rSEA was
determined using Bradford’s method (Bio-Rad, Her-
cules, CA, USA; Bradford, 1976). The purity of the
rSEA was confirmed using sodium dodecylsulfate-poly-
acrylamide gel electrophoresis (Laemmli, 1970).

Antibodies

Rabbits (Japanese White; Japan SLC, Hamatatsu,
Shizuoka, Japan) were immunized with rfSEA. Freund’s
complete adjuvant (Difco) was mixed with 100 pg of
rSEA, and rabbits were injected subcutaneously with the
emulsion. Two or four weeks later, the same injection
was performed. One more week later, rSEA was
intravenously injected. The serum was collected 1 week
after the final injection. Chickens (10 weeks of age, WL-
M/O, Medical and Biological Laboratories Co., Ltd.,
Nagoya, Aichi, Japan) were immunized with rSEA. An
emulsion of rSEA (100 pg) with Freund’s complete
adjuvant was injected subcutaneously into a chicken.
The same injection procedures were repeated four times
with an interval of 1 week. The serum was collected
1 week after the final injection. IgG and IgY fractions
were isolated from the serum of the respective species by
the use of Thiophilic Adsorption Kit (Thermo Fisher
Scientific K.K., Yokohama, Kanagawa, Japan). The
purified Ig fraction was dialysed against PBS, and its
protein concentration was determined using the Brad-
ford’s method as previously described.

Double-antibody sandwich ELISA

Anti-rSEA IgY and IgG were labelled with NHS-LC-
biotin (Thermo Fisher Scientific) according to the
manufacture’s instruction. The reaction products were
dialysed against PBS, and the final products (biotin-
labelled IgG/1gY) were stored at —30 °C in the presence
of 50% of glycerol. '
Both IgG and IgY were used as a capture antibody.
The ELISA system using IgG was designated as IgG
ELISA, and the system using IgY was designated as IgY
ELISA. Both IgG and IgY (as a capture antibody) were
added into a 96-well ELISA plate (Thermo Fisher
Scientific) at 0.1 pg per well. After 1 h, the wells were
washed by addition of 0.05% Tween-20 in PBS (PBST).
To evaluate the suitable blocking reagent, 100 pL of
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StartingBlock BlockingBuffers (Pierce), 1% polyvinyl
alcohol and 0.5% fish gelatin blocking solution in PBS
(BioFX Laboratories, Inc. Owings Mills, MA, USA)
were added into wells and incubated at 4 °C overnight.
The purified rSEA was diluted in Can Get Signal
Immnoreaction Enhancer Solution I (Toyobo). After
removing the blocking solution, SEA samples were added
into the wells at 100 pL per well. The plate was incubated
at room temperature for 1 h. After washing the wells four
times, the biotin-labelled IgG and/or IgY (as a detection
antibody) diluted in an added diluent (solution II;
Toyobo), and allowed to react for 1 h. After washing
as the same way, streptavidin-labelled peroxidase (Pierce)
was added into wells, and then incubated for 30 min at
room temperature. Colour development was carried out
by the use of Opt-EIA, tetramethylbenzidine substrate
reagent set (BD Biosciences), and was stopped by the
addition of 1 N H,SO,. The final product was quantified
for the absorbance at 450 nm using a microplate reader
(Model 680; Bio-Rad). Protein A (Pierce), a mixture of
protein A and rSEA, and rSEA alone were simulta-
neously allowed to react with the capture antibody coated
on the surface of the wells.

Staphylococcal enterotoxin A (0-1000 ng mL™') was
applied to evaluate the dynamic range of the ELISAs,
and a small amount of SEA (0-5 ng mL™") was used to
determine the minimum concentration that could be
detected.

Culture of Staphylococcus aureus isolates

Staphylococcus aureus isolates, 196E (sea gene +),
11689 (sea gene +), FRI361 (sea gene —), Saga-1 (sea
gene —) and Aomori 1 (sea gene —), which originated
from cases of food poisoning, were used. The presence
of the sea gene was determined by a polymerase chain
reaction using sea-specific primers (Omoe et al., 2005).
A stock culture of each isolate was inoculated into a
BHI broth (Becton-Dickinson, Tokyo, Japan) supple-
mented with 1% yeast extract (Becton-Dickinson) and
cultured overnight at 37 °C with shaking (150 rpm). The
overnight culture was added into fresh medium of the
same composition at a ratio of 1-100. The cultivation
was continued for 48 h at 37 °C with shaking
(150 rpm). The supernatant was obtained by the
centrifugation at 10 000 g for 10 min. The culture
supernatant containing SEA was clarified by filtration
through a 0.45-um filter (Millex).

Statistics

The statistical significance of the differences in the
absorbance values between the blank well and individual
wells were measured using Student’s z-test. Differences
with a P-value of <0.05 were considered to be statis-
tically significant.

© 2011 The Authors
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