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Abstract: In this study, an enzyme-linked aptamer assay (ELAA) was developed for detection of staphylococcus enterotoxin A (SEA)
based on sandwich-type format strategy. Several experimental conditions have been investigated, including the concentration of aptamer, BSA
and streptavidin-horseradish peroxidase (SA-HRP), reactionsystem, blocking conditions, and incubation time between SEA and aptamer. The
results showed that the optimal conditions for ELAA were as follows: aptamers concentration of 40 nmol/L; BSA concentration of 1%; blocking
time of 4 h; SEA aptamer screening buffer was used as the reaction system; the dilution volume ratio of streptavidin-horseradish peroxidase
(SA-HRP) was 1:40000; and the incubation time between SEA and aptamers was 30 min. Under the optimal conditions, the calibration curves
for SEA showed good linearity in the range of 5~500 ng/mL with correlation coefficients (R) better than 0.996. The limit of detection (LOD) for
SEA was 0.18 ng/mL. The recoveries of SEA in food samples were in the range of 91.22%~101.30%. There lative standard deviation (RSD) of
intra-assay and inter-assay were in the range of 2.82%-~7.50%. Subsequently, the proposed method was applied to measure SEA in real samples,
and was validated using official standard method. A good correlation (R=0.994) was obtained between the results of the
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two methods. These results suggest that the proposed method had good sensitivity, accuracy and specificity. This study provides a simple,

economical and high-throughput new rapid detection technology for SEA detection in food.
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SO EERE (Staphylococcus aureus) 725K
VR I EEEUR B C —, M5 A E 5 O & Bk
BB B 0 BUR R R BRI R R

(Staphylococcus enterotoxin, SEs) o #E4tit, 7EtH:
gt b.HH SEs Sl B a4 A b A
FHFM 25%~45%, H SEA Sl EYh RS
PRI (8 T BR B h # ) 80%! e [HI,  ffarii
T ST AERHIAS HH SEA 2 ORRR 24 A AT
B B IR MR I S ok

HHT, SEA B4 ksl v 2adE: (1) 40
T TiE: %IFAHET SEs R P HIE ks
W E bR, SRR AR S ARP, FE A BARP]
SN B AR T PRSI o 2R B B S AR
MV N 51, Toidai R Bl s il i Bk . (2)
T HUR- PO R R Sz ok, 72 H arsH H
SEA PUs kA, = B0 HE g I G % R B 40 B

(ELISA) M. efA iR 4R A PIR 35 A A= p e Jee 2o,
RS £ F5 BB, hil e G . A .
Rltk, EVIRREE M, 2%, REL Pusff) SEA
RETTE, AEAIAE R AN, 9 R A
1 SEA FRITRIE AL o 1A% R R ] SRk M A A
N FRRIASE, N SEA REIER ML T 5 % .

MIRERLAR (Aptamer) /2 RE S5HF €AL& 11
—BRPEE I EIR, BRI IR, itk
Jo G-V SRAREE S5 S REbR A TR e 1 o000 . BT
BE AL S P 1R DK 26 25 R P A 7 IR 2 [R) 5 4 1) 22
PE, JERCHR LT AT 5 A B SRR AR R BITAE )
NN P R A S R ST, MIERER
it B G RE AERAS MR 54T
B AIbRC s T, R, SEA AR Ry — R AR

2014 ££, Huang 25PNkt SEA RGN, &R
SEANJIER] nmol/L 45, FRiESE A A M S hRid
FAM &I SEA SE A < [ bR REE 7%
JERE, SEHL T AT SEA AR, T IRIA 8.7
ng/mL. ik APILIBOEARICH SEA SERLA AT
TG, AT I HA R g K O A IR PR FEM B
YERL, BABOR D GEE B KSR, g 37— e e 14
. REPEE SEA Rl 7. EMRALZAE T, SEA
LRSI LA 0.01~0.8 pg/mL, 16 R M 5.66 ng/mL,
TR LRSI T AR5 it ) SEA Aarill
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BRIDOE P A T SRR AL 40 ELISA ARG
TET A BV IRIE IR, (HBIRHEAL B 6 5 5
TBORAE FASBLRT B R v RABUE S vt EAGrl o
PRI IBOE M i A B A R O AL 1 &
HAT RIS . HH R 025 TR E e
Rt SEA MR FUkiE. B, AHFFELL SEA T
RGN FETICOBRAENL T — M 2275
RGO IE 7%, A SEA AR EERT A %

1 MR5RE

L1 AR5 A

AW e BT AR E R A A TRE (i)
et A MR A G R FEaif . EFELETRAAE 1:
5’-bio-TACTTATGCATTTCCTCCCACGATCTTATTT
GAGAGTGAC-3" ; 4 ¥ = L & B & 2 -
5’-bio-AGGCGATTACGCTTCTTGTACTTCAATAAC
GACTCAACTC-3’,

SEA. SEB. SECI, Rifgfeksidin A RAH:
AMEHEEHA (Bovine serum albumin, BSA) . UIEE
1 (Oval abumin, OVA) . I#-20 (Tween-20) . %
FoR M Z - BRI H ALY (Streptavidin-horseradish
peroxidase, SA-HRP) . TMB & 556, AT (&
) AR HAR bt = 25 e 7]
AIRAT]; SEA ELISA # Il &, MatRAsAEN T
FEARAT]; SHESHZKONBATK (182MQem) ; #E%
SRR ZE BB, TR AR TREA R A
Al XGPIRIAYEE A, ASHGEE T
12 MR A&

Thermo Scientific™ Varioskan Flash 4= F## 20
ZIReEEUN, 3EE Thermo AF]; SMX 96 FLIRIES]
X, £ Scilogex A 7]; 5424R & AXAHEE LML, 1E
Eppendorf A #]; Milli-Q Reference #H4l/K R4t, 3£
E# B AT Jir 22— R, fHEH Sartorius A .

1.3 SLIF %

13.1 BRBRERMANHT (ELAA) 8935

R ARAR 8 FH T A PBST 229 (10 mmol/LPBS,
0.05% Tween-20) ¥k 3~5 ¥, #1T. JOIA 200 pL i&
FoiR 1 ¥, =R S, PBST Wik, HT. BRI
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A 300 pL 1) BSA H PR, =ik HE, PBST Hk.
BN 200 pL fFIUFESL, ZIEE . PBST Bk, A
200 pL JERFLAR 2 TR, =i E — A, PBST ¥k
%o RGN 200 pL SA-HRP, =R H 20 min, PBST
Pedko MU 100 pL TMB KRG, B 5~7 min
Jeis MU 100 pL £ Ik vy, S I Bt AR b e 1
Kl SEA. e ARG, AR KR 2 TRk
BALAE 450 nm AR IR -
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exhibrAE 2R, XIAR BT AT A, SRIG R
TRERR R R T xt2s C xo Ml s 2 10 4 5hx
HEAR FE IO P RE bR IE 22 ), DA Z B R (E bR
2R TS R T, BPOARE PR (Limit of
detection, LOD) 3, ASZIGEH 3 K.
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RS ELAA J7%5 3k SEA. SEB.
SEC1. BSA. OVA, [ iZEZHNE (SEA &R
IRTFEZMBD AP AR R
1323 JinksECR

K IAR B SRS R FE54% ELAA Tk HER
P BOGRFIZED 2 GRS, ik, . &=
TR EE KT SEA. Z[8 GB/T 4789.10-20162 1 fiff
S B42 M ESRELE S SEA, %M ELAA ikt
ATREI . ARYEbRAE M2 TH R S R & SEAWREE, AR5
TEIIbRRIBCR A A X FR#EMf 2 (Relative standard
deviation, RSD) . FMAMIKT&E 3 NEE.
1324 EEMHESLE

KL AN R 22 DADEAl ELAA RS2 B, it
WKL 43 5IK4E 3 43 SEA ¥l (B FESL & 2
e (P Fed, SRAFR—#XERCAE, 7EF
—BRBEERRAR XA AT 3 YR E A, I E ODaso nm
B, HEMRFRHERZ (RSD) . ARG, %18
B ELAA 5%, K 3 MKEER K, fER—
BEbs b s 3 A0 BE VRS S FT 2 A BAPERE S, B
SEBGE A 3 YK, ME ODusonm 18, 115 RSD.

14 ELAA 78 N A

I8 GB/T 4789.10-2016P7 1 [ 3 B4.2 W /142

BUASF i SEA. B 200 uL FEARIREUR, %08 E
& ELAA J7idabartail, iH5EFER T+ SEA S &. [H
IR E kR (GB/T 4789.10-2016) BEATH, 35
Far 25 ST HLEAIE , DAV AT iR I HERR AT n] 24

1.5 #AE4

SEIGHE FH T ME b m 7 AR, SR
BRI 77 2243 #1 (One-WayANOVA ) 75 53 Hr s 6 B
B MEIKAEN 0=0.05, f#H Origin 8.5 F A&

2 HZR59Mh
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Fig.1 The effect of aptamerl (a) and aptamer 2 concentration
(b) on the detection performance

E: RRFHATEFRE (p<005), MRAFHEERTE
FAARRE (p>0.05). B3. 4. 5. 7TF.

TERCHA 1 (bio-aptl) FELIEIR EEX AN R BUE AT
—ERM. (RIE, ASSZEGE 2 SEA KEA 500 ng/mL,
IERLHR 2 WREEN 100 nmol/L, 4547 E] 1 h, SA-HRP
Mk LBy 1:40000, %21 A bio-aptl AR

(10~200 nmol/L) X #erill R UL 50, IR S5 R in
Kl 1a Fras. WEIHATEUE Y, WROB{EREE bio-aptl £
WK BERIG TG0, BRI S5 & SEA [ & iz
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B0, 4 bio-aptl EHIAKEEEIE 40 nmol/L J&5, WOB(EAR
AT 2% R, Ji5 825256030 £ 40 nmol/L A4 bio-apt1
IR o

[ SR 1 BRI, BEOERE 2 AFRE

(10~200 nmol/L) XftuitERErFem, Z5RME 1b

FioR, WM E TSRO 2 W g s n, 24k
F£4 40 nmol/L i, W t{EAfbas- e, ik, &
B fAs 2 B+ 40 nmol/L.
212 #HAEM

TERFEERCAR AT, B PHREARRR -2 R0 s 2
FEE, FHEHAES, SA-HRP £ 5RE LG K
AR A A, R R ARSI
TEPRCAAV L 40 nmol/L, K 1% BSA H 04 J5 B
A SA-HRP (1:40000, V/V), M%E BSA #JE A ]
B IE6) SA-HRP AERERMEIR B fI5em . 53R ER (E
2), M BSA HAKEKT 0.5%, HFARES, bEE
BSA WFERIHGIN, WOGEIZET R, Ui SA-HRP JF
R N AR T340, AR S Ik IR o o o s P )
RERT R, 3 AR T 4 h )5, OB ETCH
B R AT, RSk 1% BSA H M 4 h.

£2210.1% BSA

025F E30.5% BSA

: 1.0% BSA

0.20 FEES ——12.0% BSA
4 T b}ank

0.15 H L

450 nm

< 010

0.05 HA

0.00

S PIE] / h
& 2 NEIHFSEX SA-HRP AE4F F I IR BRI EZNE
Fig.2 The influence of different blocking conditions on
non-specific adsorption of SA-HRP

2.1.3  RRLAR R ATAS M A6 R R

AR B2 S5 RIS E VE 5 2 A AZ A S,
B SR pH BT 1070 B JEE 4 3 2 S T T )
SEAN ) B A2, TR i 1 S S B A A
REERHEE. AL HIRH] SEA ERCIAIFIEZ MR

(20 mmol/L Tris, 100 mmol/L NaCl, 5 mmol/LKCl, 1

mmol/L CaCl, 71 1 mmol/L MgCl,-6H,0, pH 7.4) B
10 mmol/L PBS ZEi (pH 7.4) 1E RN IEHH 17
BEIGHCAR . PRI SA-HRP 55, HEEAN[E SR RNt
R PERERISENT . 25 RNEl 3 R, gl EN
SR ZI, RO =T 10 mmol/L PBS 22K .
AHEFEUEN], E T i, U IE AR SN A 2R
B R TSI A AT RS RE RO R S 2 45, 1
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T 5 M 55368 TR A PR ELAE Y, o A R ST
PRI 28 2 A R — P S e Pk g 2 R B
Rk, JEEsat ik SELEX i E NIk & .

051

HH®

0.4+

[iipei R 10 mmol/L PBS
SRR F
& 3 &R FRHEM M RERIRZ N
Fig.3 The effect of reaction system on the detection
performance

2.1.4 R RLESIE]

FoRE [ SIS R T ORRE SEA 5@ iR 7456
(B SR (A, e Rmtarill e . (I, NS
VAT T AN [ SR I T AR RE R SEm . 25 SR AN 4
BoR, BEAEZATE AR, BOCEZEE R, 2k
R AjEDS 30 min J5, WOGERAPRAEL. K]
SEA Hi&ER A M 30 min BIABPERIRAS, 18R 8
T HBCA SR Al REEUE . FrbL, 2SIk

MZEFE] A 30 min.
0.5
a 4 a a
04} T —
b
E 0.3
&
02F $
0.1 1 1 1 1 1 1
0 20 40 60 80 100 120
J B [E] / min

& 4 R RZEE)R A BER 2T
Fig.4 The effect of incubation time between SEA and aptamer
on the detection performance
2.1.5 SA-HRP ##E b
SA-HRP /2 i 56 3 T A7 S €0 S S8 1) O B DR 3R

SA-HRP WAL, RERNARSY, WEE &S5
AERF R VER B o AHIF T 2 DA EARARI SEER 261, K
SA-HPR FREANH il (1:10000~1:100000) , AI4h
R 5 Pk, 24 SA-HRP FELLEITE 1:10000~
1:40000 G, WOGEICHIRAR, BRG]
R, WOGE R R, MUE S gn ik %
SA-HRP ik LA 1:40000.
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1:10000 1:20000 1:40000 1:60000 1:80000 1:100000
SA-HRP #Re L1
(&5 SA-HRP JREE XM AERTSNR
Fig.5 The effect of SA-HRP concentration on the detection
performance

22 AR RN
221 RHE

0.40
a ; ; ;
0.35
030+ ® 04
025F & y=0.0492+0.1233x
’ 03 R=0.996
5 0.20 |- . .
< 0.15f F ooz
]
0.10 m
- 0.1 1 1 1
0.05 1 10 100 1000
0.00 1 1 1 1 log SIIEA(ng/mL) 1 1
’ 0 300 600 900 1200 1500 1800 2100
SEARFE / (ng/mL)
[ pea®
B |
S
0 1 5 10 50 100 500 1000 ng/mL
&l 6 (a) N[E] SEA B RIghZk (Ob) RFmEphZ (KD, )1
[EiKkE SEA RItL B R R

Fig.6 (a) The calibration plot of the absorbance versus

concentration of SEA, (b) Photograph of colorimetric responses
of the detection system in the presence of different
concentrations of SEA

FERACSEAE R, SR ELAA J73EI0 E AR [FIRFE 1)
SEA (0~ 1. 5. 10~ 50. 100, 500~ 1000+ 5000 ng/mL),
LA SEA AR FZAREALAR, LU XSS ODiaso nm
ENHPANR, ZelbrdEriZe. B 6 2 SEA IR5fIE v
ke (4 FFRAERZL (A, & 6a 7R, ODasonm
{EiFE SEA IRFZMIEIMMIE K, SEA 7E 5~500 ng/mL
IREETE AN 5 OD {2 RIFEMER R, MHRXRH (R)
0996, HET xg+2s THETIERHFR Y 0.18 ng/mL.
Al R 22 S ODaso o (B2 — 2 (]
6b), 7E SEA WK 1 ng/mL I}, BB OEER, %
ZI7E AT RAA IR Y 1 ng/mL. PA_E25 535,

KITiEBA S R
222 HEAHSHT

%H ELAA 73 %% SEA. SEB. SECI. BSA.
OVA, [FIN#EZ AN (GE%200 , DIWHET
ERRERE. 4R ILE 7 Bk, BSAL OVA A=AziH
B, SRR EME, &R A S TER
HEHREZ XN, HIERAS SEB fil SEC1 A&
LY, WIAEZT 0.12~0.13. X GidE Ak A & Hr 57
P, HEWREE T SEA 5 SEB. SEC1 B A
40%~60% 7 HI[FIJEME, SR Z LR S s E A A
IR 5,

0.5
oat S ETEE®

blank OVA BSA SEB SECI SEA

03F

A450 nm

02

0.1 ¢ c c

0.0

SEA SEB SECI BSA OVA Blank
E 7 R
Fig.7 Specificity analysis
223 AufREbiE
F1 K EEMNE RS SEA BIMAREIILE (n=3)
Table 1 Recovery rates of SEA spiked from the food by the

developed method (n=3)
How BeE/(nglg) MEAE/(nglg) =IE%

RSD/%

10 9.33£0.37  93.30+£3.70  3.96

Na| 50 472142.14 94424428  4.53
200 202.56+8.22  101.28+4.11  4.06

10 9.122+029  91.22+290  3.18

247 50 46.9242.42  93.84+484  5.16
200 193.66£8.67 96.83x4.34 448

FIF BTSRRI 7 v, 2 AR AT el
WelsE, 3PV VA MR AR R . SEEG
R 1 o, SEA TEZS FIRE S AR HF R4 RICR 9
91.22%~101.30%, AHXARERZ (RSD) /NT- 6.00%.
DL ESE SR B ST 1) ELAA 7 1 B A 15 v O vE
P
224 EHEM

KA RIS B R ZE VA AT IR RS B R . BT
SRR, AL X BRI 24 2.82%~5.00% (K 2) ,
HEIAFEX AR HE IR 254 3.33%~7.50% (£ 3) , 45H%H
HLEIAHE N E R R, ATERA SR % .
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72 HABEE (n=3) AP E AR 21800, AT ERIRIACES, il 7
Table 2 The precision of intra-batch (n=3) VPR ST IR il AR LR, AT
H S th 5 OD50 oy 18 T AARATER£/% F@ERCA AR (1~2 D) FATEK, A
T 037 039 036 037 3.42 A& SRR BAAREEIL S, AT RO B AAS U A
FE2 039 037 037 038 3.78 <3 HEREEE (n=3)
fat£3 039 040 038 039 2.82 Table 3 The precision of inter-batch (n=3)
M1 007 008 008  0.08 5.00 Ha ODys0 1 i taxth
k2 009 008 008 0.8 5.00 %hEF AR ] ERUK 2 ERUK 3 Bl £/%
SR N b1 040 0.38 0.39 0.39 3.33
23 SEA AT i Hedt k2 037 0.41 0.38 0.39 5.64
AT LSRR PUA RN ELAA 777, B fae3 041 0.41 038 0.40 475
HEGR RBUERIEGCR (3 4), 5HEFER A BEL 009 009 008 009 667
PRI IT LR, AT T ZE Kb TR P2 009 008 008 008 750

= 4 K77 ESERIEF AR RELL
Table 4 Comparison of detection performance of between proposed method and reported methods

AT & RAFAT BMR/(ng/mL) KMATEE/(ng/mL)  =HE/%  #A RSD/%  Hkia RSD/% A X ak
ELAA AR 0.18 5~500 9122~1013 282500  333~7.50 A7k
KRAERS AR 8.70 10~10000 86.93~101.60 - - 23]
AT AT RS AR 0.67 1~60 95.25~103.5 - - [24]
AT AT RS AR 0.34 0.5~1000 87.70~94.65 - - [30]
ELISA TN 0.03 0.06~2 82.67~11195 3.16~6.05  5.16~10.79 [4]
R AR A TN 10 10~100 - - - (5]
REEETRELRSE K 5 - - - - [6]
SR TN 20 50~1000 - - (7]
AR B IR RE FAR 20 50~1000 2 2000 - - - [31]
2.4 A g7 2 R A 3 &g
3307 AHFFLLL SEA TERLACN IR T, B Pk T
- 300 J-4.3340.94x T —MEERSERAR T T, TR, &7
2 250¢ =0.994 HAMARNER (018 ng/mL ). & i A ik %
2 200F (91.22%~101.30%) FIA5EE (RSD<8%). H4EIL
B sl ) ELAA 1T friheh SEA Kaill, Hllss 5 ez
100} VIR (R=0.994), HiZrddfEfis, &
501 THEERE S SEA [l Sl iR 25 . A 724 SEA

130 260 2&0 360 3;0
A (ng/g)
8 A EEENRGE SEA IMZERIBX M S 1T

Fig.8 Correlation of SEA assay between the proposed method

50 100

and the official standard method
N T IRAEATVELESEBRAE il RS FHRCR, 3531
RAARTTES EFRIENE 10 HINPRFEAS, THERE
H SEA S8 . DIATTENEME N X fl, EFRENEE
NY BERE, K T EIREEE TR . AR 8
TR DAE PR T VR ARSI £ SR B A A SR
(R?=0.994), ML (7 TR HER EERI o] SR ML UT
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