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THEHBEEKE A B2FEEWI{KE L ELISA
¥ 77 3R B 3T & [~ FB

WEE EX WE IH FAm
(WL R SR 22 Be WA s Fipy B 2f S S s Wil Bl 310058)

W OE:. [B6)] Za—Frbak. R HROETEFH HEKE A 2 W% (Staphylococcal
enterotoxin A, SEAM 7 k. [k VAR ARG T T 40 SEA && A LIR, RIFHF
MR, FAn ) Z 0L R ARE A R IUR, Rl B4 &40 SEA & % S AR AR AR 5 R
Ak & ELISA (Double antibody sandwich ELISA, DAS-ELISA& M 7 ik . [ 45 & 1% 7 i% %+ SEA
849 25 b (X 18] 2 2-128 pg/L (y=1.102x—0.07, R*=0.994), % Fr&4 1.89 ug/L, 5 SEB. SEC2
Fa SED Z_ 18] T X IR AL ; #8475 SEA A L7542 iX 300 & EE ) 94%—114%, TF 2% T 10%.
JL R 77 iRt 46 ek G R B ERE KT B BMAT 164 IR X &% R B E 9 B
RIS FR LA BATAM], FAMEFE SR A 4.4%F 50.6%, & SEA FEEr b, (48] E28
DAS-ELISA 7 ix4¥ 514, REEAFEE ST, A4 SEA 49 RRMF LT A KXF K.

XEE: 2 HEHHKA ARNMEE, LBk, IR LS ELISA

Development and application of DAS-ELISA for
detection of staphylococcal enterotoxin A

SHI Yu-Fei ZHANG Xian XIE Hui WANG Xin FANG Wei-Huan"

(Zhejiang Province Key Laboratory of Preventive Veterinary Medicine, College of Animal Science, Zhejiang University,
Hangzhou, Zhejiang 310058, China)

Abstract: [Objective] The research aimed to establish a rapid, sensitive and specific method for
detection of staphylococcal enterotoxin A (SEA). [Methods] The soluble protein His-tagged SEA
expressed in Escherichia coli was used as the immunogen to produce specific antibodies with high
affinity. A double antibody sandwich ELISA (DAS-ELISA) was developed using anti-SEA monoclonal
and polyclonal antibodies as capture antibody and detection antibody respectively. [Results] There was
good linearity in the toxin range of 2—128 pg/L (3=1.102x-0.07, R2=O.994) with the detection limit at
1.89 pg/L. The assay showed no cross-reactivity with SEB, SEC2 or SED. The average recovery rates
for SEA in milk ranged from 94%—114% with the variation coefficient less than 10%. In addition, the
method was also successfully used to detect SEA-producing strains in culture filtrates. Of
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46 Staphylococcus aureus isolates from aquatic products, 4.4% were SEA-producing, while 50.6% for
164 bovine mastitis isolates. [Conclusion] Therefore, the DAS-ELISA method was sensitive and
specific, and could be used as a mean for monitoring food-borne SEA contamination.
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i R A R FRELL A Rk L
BEorW SEA )4 B (00 1 2 BK T 75 G4 1 B il JRURLZ:
WREY R E LR, R, E R R
S ARSI Ty 3k LA S B B i B HE TR A
SEA [T SEA BYhimuE s, B
AEEMNAIE TR S AR LA R |
ST B BT A, 57 T DAS-ELISA
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Hi%ERBE(SA120926), DHS5a il Rosetta K7 HT 15 8%
SEASNNE S AZ IR HAR pET-28a kL, F-HER 4l
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UG PR ERE s His-SEC2 FA1EE I A S 86 %
HIE AL ; PrimerSTAR SR Bl . Ndel. Xho1
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Molecular Divice 2v%]; 96 L ELISA Fffrt . 2
FEFRARANAN R SR ML A 22 Corning A7

1.2 E4H SEA GeEinRH&

1.2.1 sea EERY 1EFITIE: MG GenBank A1
1Y sea KK 751 (GenBank : M18970. 1)1 14 57145 |
Y)(S. aureus-sea-F-Nde 1: 5'-GAATTCCATATG
AGCGAGAAAAGCGAAG-3', S. aureus-sea-R-Xho I:

5'-CCGCTCGAGTTAACTTGTATATAAATATATAT
CAATATGC-3'), I-1ES W 55l 5| A Nde 1 F1

JEPI AR 4R U™ SEA FERE M ARk
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H R (SA120926)F H 4 J5, HBEITH 51917
PCR 414, 2 WA %5 A - DNA #ifi(118 mg/L) 1 uL,
RS 195(10 pmol/L)4%- 0.5 uL, PrimerSTAR 0.3 uL,
dNTPs mixture (2.5 mmol/L) 2.4 pL, 2xPrimerSTAR®
GC buffer 15 uL, ddH,0 10.3 pL., % 45444 : 98 °C
3min; 98°C 10s, 57°C5s, 72 °C 1 min, 30 ME
5 72°C 10 min, J=Paifb )5 H:3] pMD-18T %,
o, Ak E A AL pMD-18T-sea £ KT &
DHS5o &2 8400 . PRBCRTETS, PCR % MFH
P2 G, $EPUTTRL,
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PRI pET-28a FAT VY], 2B AR HEEE I L vk
WSS &, W WA AR IR IRAZ A 40
Rosetta 11, $HUTR, SRFVISE S, & A HM
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/N BRI G4 5 s A A TR, SE)E
HAT H1 HT B4 ads 3230w A a5 0 4 oE 1 7
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His-SEC M FIT T FRHEER 5 His % SO mfE FA

fL, HEEERER . SUSEL . 4R KRR
PEFLA BRARE . 3-5 R ake ), KB RA T R4
MOPRY KIG TR A A SR AT S /N ERE I, &
7K, Protein A/G PLiAZA{LAEL{k, SDS-PAGE %t
LB AT T o
1.4 1 SEA % epEiniRasl &

¥ SEA HERIBIERNTNRE, FULEXH
VU2 R ARSI TR T 2 g, 500 pg/H.
ZIa Ik AR IR, B s —Ik,
VYA 5 PR RO R MARAR I, 25001 4li)5-20 °C
%M.
1.5 BRERANETE
151 BRERAERAFEENNE: S5 3CH12]
JUT R 7 6 B S BE LR HEA T 2R AL RO, H
2.5 mg/L Fl 1.25 mg/L i SEA T4, 15 AR
CL R B 1Y) B s BB TAAR R 7B B2 ELISA, bR i
Wtk 450 nm b OD A, #F- BT &
PUBIRAT, XX ODyso (EIE S/ N ODyso fH
IEh 100%, FEARHE 2T BE BT AR 3 F1 )
AL

Ka=(n—1)/2(nxAb,—Ab,), n=Ag,/Ag,

Kb Agi. Agy A [E] T R AL BE 5
R (mg/L); Aby. Aby N AH N BT 42 B ik JE
T ODyso 16 R 61— 244 B 18 X I 1) 0 14K 28 %
e & (mmol/L),
1.5.2 BRERKFFMHERNE: H Western blot
X HL T RE BRI RE S EE T2 A, B His-SEA .
SEA . SEB. His-SEC2., SED L) J ;™ SEA Ptk
(SA120926) 7% HHe4itE SDS-PAGE, F4)54r
SIS REOKPURTE AR S E B bR S SEA 1
N RESEE
1.6 DAS-ELISA #7754 30
1.6.1 AR ERERIATERE: RAFEM
77 e W B S RE BT AR B G Z2 0 I3 43 A AR
Ui SRR, J7 PR e bRk . ik
PUAGLHEHEEE N 1:250., 1:500, 1:1 000, 1:2 000 1%
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ke, KPR TAEWEE A 1:1 000, 1:2 000,
1:4 000, 1:8 000 fi5Fike, [HEJe.OPi SEA M
[ ez BT IR, SR )5 DAS-ELISA —ff 7k
PEATIREE, BRI BRI ELXF 0 e O ik
T PINEERIA A 00 AR TARMREE
1.6.2 DAS-ELISA 36 &4k : B4R 1.6.1 o
PP I A TARMREE, 20 SR 50 78 AN 6] i v 2% 4
T, AFEAPEETE(37 °C 2 h, 4 °C 12 h); B (5%
JREEWH, 10%MEAE WK, 5% BSA, 1% BSA),
FIIFE (37 °C 1 h, 37°C2h, 4°C 12h); ZHiiis
YEFHIHE] (37 °C 0.5 h, 37°C 1 h, 37°C 1.5h, 37 °C
2h); BEHRHT(1:2 000—1:10 000), —HiAF ]
(37°C0.5h, 37°C1h, 37°C1.5h, 37°C2h), %
FHOTBERIEAT BLISA 05K o A6 ] — FH A i A1
PERER, S8 PN (H R A BN 551
1.6.3 ISR {ERIRRRE : PEHL 40 FRZ PCR %E5E 4 SEA
FIPER & B B R BRI IR, SR Rt
5% 24 h S UEBRIEIRE WS 1ESS SEA FITERES,
PR IR H DAS-ELISA J7ikibfTillE . &y
FESHEER 2 L, E ODusofl, HEATSEH#00Hr,
T 40 (15 3% B3 ODaso (ER-F-I4ME Co) FIbRMETT
F(s), WARGTAITHE, KTFETFx+3s MM, /I
FEETx+2s HEAME, /NFx+3s HRFx+2s Jynl%E
FEfh
1.6.4 FREMZBILE: B 1.6.1 A 1.6.2 i i
FER A5, TEIZ%F T i1 DAS-ELISA HhZk,
Se U YUR AR X 6] Ky 0.5-512 pg/L. LA SEA Ak
FEXTRONREARER . ODaso AL BRI HE DAS-ELISA
PRERNZR, TR ML BRI OE R AL
1.7 DAS-ELISA #f455MH. REHEREE
ERT N

FH#ES7 /) DAS-ELISA ikl 1 mg/L 1
SEB. His-SEC2. SED % # R+, SEA Frifidhh
FHPEXT I, RSS2 X IR, MRS 4SS HAR
SebE. MR 1.6.3 T +2s 75 4 ot 4
B, HEZARI T R R BR e
VERE 3 AR B L, 7E— VRS A BT R

W 8 A, LI 4 MR, TR St AR
1.8 #H A

1.8.1  EEGIANFREIYCHEN: L] DAS-ELISA X1t
B DR S-SR RN 15 R SR EE sy, &
Wh, Wy, EWRAE TR, BB S TR ™
a RTINS DGR o EVHIR R Y SEA BRmEIA
SRR Y, SIS ENG RS . R
JH DAS-ELISA X544 J5 WAL AT Al B4 Jox
HWRBEW 5 MEK, IHE ODss FHIETE
DAS-ELISA A il & v %o o7 18 o 2 v 3 Ay S e
JE, ARSI BE AN IR BE X 100% 3 L [RIIRCR
1.82 SEBEEKES BT SEA [BIEMREN:
I F DAS-ELISA Xf 2012 4 ALtk i UG Jey F 7K
P T B 46 bR 4 HE (0 A Bk T DL &
2005-2015 4 3 [a] Wi V1K 2 W05l B2 A 52 e D i
DA o < N T NN v - 1 | AN | IR 97 RN
J7AR L BEPG A ZUIR AR AT BB 164 HRAE
ORI BRI A TR o 4 0 (0 R A K TR 7 B R Aol
LB H G 5 mL iR =#iii g, 37 °C
FEEERESE 24 h 5 DAS-ELISA K555 b3 0 i b
PERIR

2 GRG0
2.1 EHFEH pET28a-sea HILTE
DN AREE I LYK T UL, WUV 5 75 3124 750 bp
F15000 bp R BL, SN R/MEFRF. MF4EE
5 GenBank H M18970.1 A FL, BAFRRIKIAHMIE
9 100%.
22 EHEAWAAMRIERANK
Rosetta-pET28a-sea Z2& IPTG (¥ 1 mmol/L)
16 °C IS 53535 S h 5k AR, e R A
FREIE S EfT SDS-PAGE & ¥, SEA T4 1 H3%
K 90%LL FALT BIET . SEA HAR I R/ME
30kD Zefy, SHIAMAT. Y4 Rosetta-pET28a-sea
2 IPTG 16 °C 55 5 h J5 WK L, g
A bR = 2l A B4 SEA (8 1),
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Is— oem S5 3% B

El1 SEA EHZEAMALAMRERGN

Figure 1  The soluble detection and purification of
recombinant SEA protein

. M: I Marker; 1: £iFSFH Rosetta-pET28a-sea £
Hs 2-4: % 1.3, ShINRREH; 5: BT 5 h AERE
UUVE; 6: 155 5h RERH LIE; 7. 4ifb/SiELd SEA.
Note: M: Protein molecular marker; 1: Non-induced
Rosetta-pET28a-sea; 2—4: Whole bacteria with IPTG induction for

1, 3 and 5 hours; 5: Precipitate after ultrasonication; 6: Supernatant
after ultrasonication; 7: Purified recombinant SEA protein.

23 BmEERARIAgL

AT 6 MRELEREANMAR, Silarsach 3D12,
2C10. 1G6. 1F8. 2A12 11 4C9, MEAKBMNAET
20 Ji . Protein A/G #lifbit:4lifk 5 SDS-PAGE, 7Eik
OB &4, 41 KRZY7E 50 kD il 25 kD
LA(E 2), SHUARME ., FeE0Fie R/ —3L,
SR
24 BREREHEE
241 BREBERAFZFAERONE: FMOEH
¥ 3D12>2C10>1G6>1F8>2A12>4C9 , 4% %l K
9.61x10%, 1.45x10%, 1.18x10%, 9.07x107. 8.93x10.
5.37x10" L/mol, —BiANERIHECN 10-10" L/mol
B S F0 s Y BIF LA 6 Wk B s B A 200 i bk
BIHRHA®R S EMI, BEEEEMI RN
Anti-SEA-3D12 ZHfikki#1T/5%: DAS-ELISA {5
KRR .
242 BRERAEFMHEMNE: Anti-SEA-3DI2
ARk His-SEA | SEA FrifEfh . 7= SEA FERHRHL
Y RON 2 BAYE, 5 SEB. His-SEC2. SED Jo32 2
Ni(E 3), FREHBBURE LT

kD M 1 2

170 —

70 —  —
55— — —— Heavy chain
45 —

35—

»— —— — Light chain

2 fh{LAYBEIK IR SDS-PAGE H K [EliE

Figure 2 SDS-PAGE analysis of purified ascetic mAb

. M: 8 Marker; 1. REifbiEK; 2. gifb/arolEK.
Note: M: Protein molecular marker; 1: Non-Purified ascetic mAb;
2: Ascitic mAb purified by protein A/G plus beads.

2.5 DAS-ELISA 733%H0& T

2.5.1 DAS-ELISA F kB9 3L & &N &
W TR ZRIAR:, #5587 DAS-ELISA
TR 1),

252 IGSHMERITHTE: 40 GHITERES: ODyso (H i1
0283, FAKH 0.129, FHME)H 0.181, FnifE
72 (s)N 0.043, I A x+35=0.309, I OD4so
{E>0.309 BRI H 52 Ry BHAE

2.5.3 DAS-ELISA #riEZBI4RH]: i)

kD M 1 2 3 4 5 6
70
55

45

35

25

3 RE/K$1K 3D12 AY Western-blot 534

Figure 3 Western-blot of anti-SEA ascetic mAb 3D12

H: M: % Marker; 1: His-SEA; 2: SEA; 3: SEB; 4:
His-SEC2; 5: SED; 6: j=& SEA Btk SA12096 =&AL
PRI EA.

Note: M: Protein molecular marker; 1: His-SEA; 2: SEA; 3: SEB,;

4: His-SEC2; 5: SED; 6: SEA natural toxin deposited by
trichloroacetic acid form SA12096.
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% 1 DAS-ELISA #5558 e 4 I B &1 R E

Table 1 The optimized conditions of the DAS- ELISA

TiH LRk e F S AT EZnll HRPARIZ —HL

Items mAb 3D12 Blocking conditions Sample Rabbit Ab IgG-HRP
Optimized dilutions 1:500 5% Skim milk powder 1:2 000 1:2 000
Reaction conditions 4°C,12h 37°C,2h 37°C,1h 37°C,1h 37°C,1h

TR EI (D 4A), FTEIITZAE SEA ik &k
2-128 pg/L JulFInF HA RAFA4t:, HARET 6 4~
PR ARYEX 6 M hRifE AL HIARHEIZ (& 4B),
Mk 772 y=1.102x-0.07, R*=0.994.
2.6 DAS-ELISA #A45RME. REMEREE
P

DAS-ELISA 77 £ 45l His-SEA il SEA 2 BH:,
SEB. His-SEC2 Hl SED, ODisofHHI/NT 0.2 21
PE, ULBIEE ST ) DAS-ELISA J7id ik R,
DAS-ELISA A RBRINFE R 2-128 pg/L, x+2s
H90.233, I ODy4so fH 0.233 fEdrifEh 4
(r=1.102x=0.07) " xF B A BT R iR B2, 320 Jr ik

A 30
25
2.0

F 15

8

1.0

0.5
“

0 1 1 1 J
0 1 2 3 4

1gC;, (ng/L)

»=1.102x-0.07
R*=0.994

201

1.5

OD450

1.0 |

05

0 1 1 ]
0 1 2 3

1gC;, (ng/L)

4 SEA B DAS-ELISA #2: i Ze(A)FL 1@ Y3 5 47(B)
Figure 4 Detection of SEA by DAS-ELISA (A) and linear
analysis (B)

MBS 1.89 ng/Lo BEERIGH, Py Fidtti AR 5
RBINT 10% (R 2), UWHHZIEEE L.

27 ¥I¥NHA

271 BEELANAREIEEE: 15 FPARDS™ ST SEA
R R B o SRR 7 d ) A T
IR GRS, 7E 4 Yakgerh, XS AN BT AN
PYER FURE S, A5 20 A0 P2 MDICRAE 94%-114%
TN (FE 3), EBHIZ 7 150 A= Rt It e G I 3k SR
U, AR bRAI

272 SEBHEIRE S BT SEA FEIERRIGN:
DAS-ELISA H 46 FR7K ™ fif 4 & (03 2 BR TR R AR
Kt 2 #k SEA FHPEB M, PHMERDN 4.4%, A
164 FRGGA=FL 55 5 4 B (073 2 BRI 43 B3 bk oA

*2 EEMARER

Table 2 Repeatability assay for DAS-ELISA

HEPNAE S R B I AR S R A
SEA Intra batch (n=8) Inter batch (n=4)
/L " : : "
“eh) gy mREE RN EREN

X5 CV (%) X5 CV (%)

8 0.85+0.061 7.17 0.85+0.073 8.61

32 1.66+0.076 4.59 1.67+0.101 6.04

64 1.95+0.055 2.82 2.04+0.185 9.06

*3 BMBHERMREKILIESR

Table 3 Recovery rates of DAS-ELISA for milk samples

spiked with SEA
e AR 5 R AL EIIAEIEAL '
SEA Intra batch (n=5) Inter batch (n=4)
/L
B pagm BREN VM BRAM
X5 CV (%) Xeks CV (%)
5 94.9+6.09 6.41 97.8+9.82 9.12
10 99.1+3.94 3.97 98.0+6.62 6.75
20 103.9+5.08 4.89 100.2+9.37 9.71
50 102.9+4.12 4.00 107.9+£10.56 9.79
100 114.0£2.91 2.55 111.4+6.59 5.92
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SEA 43 Eitk 83 Mk, BHMRN 50.6%, FW] SEA 1E
£ BB 5 Yt i A AE
3 Wik

SEsHE R AE 1 AKE 35 (cgo) B R AEAE, S
0[] — ke 48 B €00 7 4 K T BB [ ) 7 A 22 ) 1
AL . BEPEFAR ISR R, ko
A4 H €0 A A BR 1 8 57 L v 5 B SEs Y 43 B Fl 4l
1k, FEHERG T SEAR Sl KAGIN T L JE . A
SEm It AR, FIFHPCREAR M= SEAM) 4 15
R EREER Y T sea 79, Kz BE v 2=
pET-28azk 1A b, 7E16 °CARIR & 10 F A HAHH
Rosettaift 1 15 SRk, Fik=W) FE LIRS
fEo JFRRB R E A SEA 5 B A SEATE 2514
TGP b A —ag 0,

HUSEA HL ST REHUIA TR L #Erh, DAEZH A
His-SEC2/E R BAMEXT IR, HEBR T Hishrs LA S HoAlh
AHRISS RS2, BAOR 1L Y S se R TR S £
XTSEAPUIRRY, HAT RIFMFESE, [N, @t
BORR AT PR SRR, AR T mREA A
POy BT AR 232 58 R A R 3D 124 SRy A i 444 I LA
IR LRl 7 T DAS-ELISAR I 5 ¥, ks
SEB. His-SEC2. SEDJICAE X i, Al T BRA
1.89 pg/L, K5 %5 FE ARISCR I RAT, AT LASE IR SEA
FESH Y E AR, SR FHDAS-ELIS ARG I 592 % A [i]
RS 4 B8 ORI AT BRI 2 BIARAEA TP FE AN, XA
EISEABAVERBR IUAFTE . IAERIBIFERI], )
HFUMRR O 2B KA el . SR e 495
Wz —, TEE NIRRTk 54.3% "7, i
S ORI A R AR R, R
I 2 8 T Bk LR 48 O TR R 5 185,491
ABFFER2005-20154E NHTVL . i Bt IIAR .
NI AP ) BN £ 7 N B9 1 i e o
PR A& v 3 25 3 1) 1641k 4 ¥ (L A BK TR 43 B kA T
FRRERIN , SEAJ™HE B R FHE #8515 50.6%, KB
ELA SEATREZ FMMARE 7 1) 4 B €00 A A5 B 11 7 14 TAT B
TEE N BB 2 A4, fanFL L L i R

F A AFAEAR KA e 4 XU

HHE I SEA Rl ik 344 H= B4 . PCR
J5 A REAG I 3 7 75 2 35 PR AN 6 L 3 4G i 25
2, M— B B a AR KW b il 4 8 (4 4
BRI ETCEA KT a2, Ik PCR kIR
25503 R AT SN/T2416-2010 HLE T Western
blot IEAHMHEH F & SEA, (HiZ ik g
A BAYE, KT RR AR, i 50 ng/L. 7EHHT
(AR = RSB A, ELISA 7 AT e ) iz . ]
fHERE R, AR 2 v pehiAR >, o
EHERAR R S Ao RIS B SR 2
PUAREEST T SEs Ml 2R, [H I 1Y) B s B A4 mT
DS ZRinaE R son, KRR ik 307 ug/l,
T L R BE ARG LR . HAT, SEA Rt &
F 23S E Biocontrol A F) I EFE A& 2~ w4 7=,
A HREDEA TR PG, Ji5 2 ARSI R BR 4 2 ne/Ls
AR SN R, TR N TR AR
FYHEST Y DAS-ELISA 7 ik e bhis . RS
B, AEME St R SR SE, AT T SEA Wi
S S KA SR, AR SE B H SEA 5L
Rl Ko SEA PHYEFR MRG0 T 3 F-EL .
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