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Study on the pre-treatment method for the detection of shrimp and crab
allergens in processed foods by ELISA
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ABSTRACT: Objective To establish a pretreatment method for the detection of shrimp and crab allergens in
processed foods. Methods The selected conditions for the two parts of the extraction solution and the extraction
step were optimized successively. By evaluating the amount of protein dissolution after extraction of the
corresponding samples, the most suitable conditions for this ELISA were selected. Results A phosphate buffer
solution (pH 8.5) containing 0.5% SDS and 0.5% DTT was chosen to mix the food sample and the extract at a ratio of
1:9 (m/V). It was homogenized at room temperature for 30 min and centrifuged at 3020xg for 15 min. The result of
the determination of the supernatant was the best. Compared with the PBS (pH 7.4) solution extraction method, the
amount of protein extracted by this method was increased about 5 times. Conclusion Based on the established
sandwich ELISA for the detection of allergens in shrimp and crab, the optimized pre-treatment method was
established to further improve the extraction rate of allergens in processed food.
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T B0t i AR P Bl 5 A 21 43 1 A AR (AN e h 48 s g
SEORRE RIS YP. i, sk
B S IR AN B 2R T VG 70 40 Tween-20, SDS Ak s 71 4n
DTT. 2-ME. Na,SO; %5 1] BEARET /K HAH B AE MR
FUTTh hr A, AT S AT AT A2
H ETATAL I A 3230 1, SR AR R RN iR &2 I ke 3 AR
TR W R H ), SRR R E A A B O

SR RTA B R AL BRTIRE RGNk, A
WEGTEF ST UF B2 R ELISA &S T L iR R, B
TEAE AL R A PR 320 Ry Jim 1A il AP a5 ) T A 2
— AR SRR, DU S T i P UR 4R BOR

2 MREREE

21 MRRINES
75 B € AR | AL R TH B AT . Rt

AERBUIF R NLERE A 2 wESUA AL R R A FH4);
HRP #RiC BB 1gG(H 75 MD A Al

MuLtiskan MK3 B§FR{Y(ZF 2% Labsystems 2\ al);
TDL-5M 5 30K 25 518 7R 85 0 ML (I 70 M 1305 .0 L AT R
NI

WAL 2 npI (PBS, pH 2.0, 6.7, 7.4, 8.0); Tris 51
ZZBL(TBS, pH 7.4.8.5); FriEIRELZE M (CPBS, pH 4.5);
50 mmol/L Tris(pH 7.4).

SDS =# DTT f PBS % #: PBS(pH 7.4), A DTT
5 # SDS, H] HCI 5{ NaOH #5 pH £ 6.7+0.10.,7.8+0.10,
8.5+0.10,

R EMIA W (pH 9.2); BREREAVE W (PH 10.6).
2.2 HFAERAMEREE

BRAE A UL, LT 5256 35 5% FH B /K i 3 i 2 i
(100 °C, 6 min) F4RBOK 1:9 (V)1 78R FUHLERHC

PRBCEBRR T HEBORS AR . B0 ik, I
WHCT 4 &AL, SR AR BUR ST E  Ba S
B, ¥R RS ST ] o PR 1A I R B A,
30 B PV HH R A R L K SR 2 TR A A M R B S 4R B
IR TR P SR 25 o FE AR B B 50V 8 B 50
SR B EE R 60 min JRBOHE A . 546, 7EMLILiR
BRI BB, S T VEAG AR S e I A £ SR ORI, BR T
FRIRFE K I PR 2R A, SR8 T AR A IR A L] S 3 3
3 5 [ SR B TR A5G . DAL SR IBGRE I 7E 4 °C |
i (room temperature, RT), 40 °CHl 60 °CH) &4 T35
60 min JEHCHE A . EVLALY TR ET, BEECZ Briikm
FAFFHAERFE R 1, 30, 60 Al 120 min A9 2% 4 T $2HL
A

F1 BTCEIEEFRARMHES

Table 1 All optimization conditions of preprocessing method

23 H Y 7R FEIUR OB LB /PC HF 18] /min
o It 14 FhNL 2, AR
=N A YA > .
SRR (e ! #r SDS Fil DTT /) PBS(pH 8.5) 3020xg, 30 min RT 60
It 16 Fhink 3, {045
L iy ] e B A 2.3 > .
SRR LA 0.5%SDS+0.5%DTT ) PBS(pH 8.5) 3020xg, 30 min RT 60
1t 1k
BOSHEMAL 4 0. 5%SDS+0.5%DTT [ PBS(pH 8.5) Lo, @}ﬁ RT 60
3020xg, 15 min
¥y iR A 5 0. 5%SDS+0.5%DTT KJ PBS(pH 8.5) 3020xg, 15min 4. RT, 40, 60 60
s e 6 0. 5%SDS+0.5%DTT KJ PBS(pH 8.5) 3020xg, 15 min RT 1,30, 60, 120

T eI BB R S8 5 HES o ZESEIR i Fe b, HEAT T ARt Ak, BRAACH 5 SR B S A, B0 E 6 Tl 3020xg, 5 min;
3020xg, 15 min; 3020xg, 30 min; 10000xg, 5 min; 10000xg, 15 min, 10000xg, 30 min, RT A% .
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2.3 ZAERVIREL
23.1 RICERARSMAL

PRI AL T8 T G v s A pH, $RIBGRI B4 3
ARGy o A 14 FOR R EEBGR LS . vl ZF0 pH 1)
PRI A TR PR B PO AR I . $RBOR A4 I pH Ik 2.
PEHUR AT 8 R B DU E F SDS-PAGE 4347 -
Fz2 MAEBUR S EHERR 14 FARREF, E4REHE pH

Table 2 Fourteen different extractants, buffers and their pHs
selected when optimizing the composition of the extract

'S PRIBGA % 22 vl 53 pH
1 PBS 2.0
2 CPBS 4.5
3 PBS 6.7
4 % SDS 1) PBS 6.7
5 PBS 7.4
6 TBS 7.4
7 50 mmol/L Tris 7.4
8 % DTT Y PBS 7.8
9 PBS 8.0
10 TBS 8.5
11 % DTT A9 PBS 8.5
12 £ SDS Al DTT #J PBS 8.5
13 RN 9.2
14 TR N 10.6

A RIUGE T IR 2.1 7 AT RCH], SDS A1 DTT Mk EYy
7 0.5%,

232 REFRAE

FE E SRR AL A3 J5 %o SR IR 04 v B iR AT 10— 20l
1k, TR SR T 20, AU, fadl 3 ARk b R B Ak .
FEIUF HEA T2 v B I 2 A SDS-PAGE 4347 .
24 REELE
241 BRUAHK

BEWL T 2 ANES R H(3020%g FT 10000xg)F1 3 FEg .
RIS 15 F1 30 min)o 2 6 Al .0 S TIREUS 1T
P e B R 3 SO L BR B P A% R B A2
242 ¥HFBRE

PEHT 4 MFRIERE . 4°C. RT. 40 °CHl 60 °CHHL
J AT 2R e R R R R LBR R 1 v B A
243 BN

PEIT 4 AN REIHE 1. 30, 60 1 120 min $2BUS #E
AT B 10V R e D e LR A 11 A il B

3 RACREUTIRE B AT BN A B IR AR 5

Table 3 Buffer components selected when optimizing the extract

concentration
%> SDS ¥R EE/% DTT W EE/%
1 1 2
2 0.5 2
3 0.25 2
4 0 2
5 1 1
6 0.5 1
7 0.25 1
8 0 1
9 1 0.5
10 0.5 0.5
11 0.25 0.5
12 0 0.5
13 1 0
14 0.5 0
15 0.25 0
16 0 0

e BRIEE A RN PBS, pH 8.5,

25 ZEERREMNE

T IV R R B UG A 25 SR 1) SR B 2 —,
T RBGIR 2%, i AR SDS. DTT s &%t
BCA 175 T 752 W 45 2 30 10 B 11 B 00 Jr vk ™= il 97 T
ST AN REHE E i, PR 3 TS 38 A0 BT Fee 2 2% 1
T W I B R B I i, T — i AR RS B, BRI
F B B 1 23 AN 2 ARG 7= A S
2.6 SDS-PAGE 4 #f

S SCHR I 7 T 58l o S8 vh T FE B 1) 0 8 M e I
N 12%, WAHIREEN 5%, LAEE 10 pg, HIKGH G
FH ThH R R-250 Yo et 2 h, e (o ik A 7 i €2,
A
2.7 Fi» ELISA

ATy R A A BASE AT 7 A9 2.0 ELISA J5 iM%
PRI B AR BGE TR AL B RE S B A T 52, SR fb gl Rtk —
M. W2 TR CBS A 52 Mo B¢ 2000 1%,
RFLAN 100 pL, 4 °C 7 B, H PBST ¥ 3 ik,
. WFLEN 300 uL B, 37 °)CTFIFE 2 h, RIEH
PBST % 3 &k, AT, WIRNIERE A PBS #ER R 5
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H13.67. 27.3. 54.69. 109.38., 218.75, 437.5 ng/mL,
fLAn 100 L, Z5 Xt EEFLA PBS AU FLERE 14 .37 °CF
WEH 1.5 h, ZJ54A4, F PBST mk 3 ¥k, FRH R L ik
PriAF HRP pRic - EHLER 1gG AR 2500 £, PR 2
R TSRS, EFLIMA 100 pL, 37 °CFIHE 1.5h, Z
JEdats, I PBST whik 3%, #1F. 4FFLINA 100 pL TMB
LAY A, 37 CCROLIFE 10 min, BUHE S &L
A 50 puL 28 1RO 2R IO, 450 nm N IIIOE A

3 ZER59%

3.1 REEEARMAL

PEICZE v Ak 53 R 32 TR 843 P A A B TR e
EEfE 2 ARy, Bl IR R e E T A
SDS #1 DTT ) PBS ¥, pH 8.5, - o $i U o 2 4 £
fbBnE SDS 1 DTT M FEMREE, HeZsET 0.5% SDS
0.5% DTT i PBS iAW, pH 8.5 #1752 42 BUE BB o
3.1.1 RBUR RS HAL

ERBUR ML LA R Z 5T, KERE—E
WK R, EEEFMRIGN AL R —E W pH IR
KiRFHEAMBHEE. EEMBIAR L E2EWHRE ik
R Tris ZWAA R, FEEBGRSY FA MR | 5], A2
P50 = L B 2R AR VR, TR R T LT R
BT B R 3 = B A R AR R A T P
PRGN pH 34> J7 18 19 ZR LT 14 FhEEEURIET T Ak

14 RO [RISZEGAAN pH T (19 B IBORO IF AL 3R I
H &R AnE 1a s, M pH WAR1b F 4 #r, WTLIE H PBS,
TBS Ml DTT $2EGAI41 4378 pH 8.0~8.5 W FIAH [F] £ 43 7€ pH
6.7~7.8 W IHRIESE R T 38.6%~148.3%, i HAEAFl
G2, pH 8.0 B 2 vk B S A R A R Y S TEAT AR BR 2% v
7R (CPBS, pH 4.5)%1, &% kS A%, ARSI’
(pH 10.6), & F1IA R fem o

AR pH T AN IR 22 Wik 19 2 (1 HH RN ) (] La),
fE pH 7.4 i}, PBS 5 TBS AL AR 1 B AR AN |35,
{H PBS [t 50 mmol/L Tris & T 70.0%. 7 pH 7.4~7.8 i, [1]
PBS HIN ARG DTT /| AW E 39.5%, pH 6.7 i
JIAZEEF] SDS 236N K AW B 46.6%, FE pH 8.0~8.5 I,
[ A SDS FI DTT A4 i 35 MUB 8 IR EE . 4R A 5
B AE B s TR A 1 T A VAR R 88, 11 VAR ) R A b
A—E(K 1b).

H T2 25 K™ i FE 280 Bl A R LBk &
[ (tropomyosin, TM) . A& 2 BRI fif# (arginine kinase, AK) . fill
R F %% 5% (myosin light chain, MLC). WUR4545 &% M
(sarcoplasmic calcium-binding protein, SCP)AIIfil % & 1.
J&(hemocyanin subunits, HCS)!"™), 3 1 (] 1c i HL Ik & IR
FHEE Y EREE S AT AT, AN RIS B SBGR X i 4 B
12 V2 A AR R o AESREUR A7 AE SDS B, JE Uik
EA TR S REA N EEER, MAERIG N
CPBS i, JFULEREE F 09 F AR L I B4, I H.

Bifomy o 8§ oo
|
EBS 20 ¥ mmuEa ‘.
CPBS 4.5 ™ Wi i m P
PBS 6.7 = , }
0.5%SDSHJPBS 6.7 B [Ny w——
PBS 7.4 —3— ' i b
TBS 7.4 B ¥
50 mM Tris 7.4 H ' e d
0.5%DTTHIPBS 7.8 3 $iiid
PBS 8.0 | ) [
TBS 8.5 B )
0.5%DTTIfIPBS 8.5 B Y
0.5%SDS+0.5%DTTI{PBS 8.5 =15 X EE |
iR 9.2 = T ]
iiAEEN 10.6 i =ohd 4 ) B
0 6 12 1800 05 10 15 20 25 (L J|§ .:._lu
I (mg/mL) TMY%/(mg/mL) g <F gd

TE:a. FEHORE AW b, $REBGH P TM WREE; c. J2HUKAY SDS-PAGE 3.
BT SR 14 FIANIR] pH., ZE i S SR IBUR) (948 FOR TR HRAR P A 2 1 9t A SUBUR LR 3

Fig.l1 Fourteen different pH, buffer and extractant extracts were used to extract the protein dissolution and allergen tropomyosin of cooked

shrimp
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L 1o A H R RS ER R [, XJ2 HHF pH 4.5 ML
BRI AR S s U SR VR ER (0T RV i, Xt
AT LA DA TE 350 B AR SR P Y A 3y AT DA SE A3 A HR R B
TS BN RE . H 5o Bl ) 2 B 5 SURORS 2 MR I (AKD),
HoM x4 F R4 ch 40 kDa"Y, U
0.5%SDS+0.5%DTT /) PBS $2HGHI T £ 40 kDa &b R30I i
4. Ayuso S5 & IUNLEREE (1R 4E (MLC) 2 ML i X IR
(Litopenaeus vannamei)#i 4 i 5 )5 2%, MLC 7¢ pH 2.0~4.5
B, AEHAF 5 20 kDa 24 B A5 TR o Shiomi 55 & 3
W45 45 4 5 1 (SCP) B 5 %] R (Penaeus monodon) i
T RY, TR 20 kDa 5 MLC —%, K1t 20 kDa
Jb S5 BR T BEJR T ARAE 2 Fh il R B 1 AR H %
X3 B 2 — By I EE B O B (HCS) 4 F i fE 73~
75 kDal??!, & 14 T A i 45 1 45 R R OS] =2 8] 22
A K.

L5400, KA SDS FI DTT Jy 4B, PBS Jy 2% A
RETIRIUR, MM EAWRER S, S FRENAREN
) TM o B Rl S5 6 H AAE RO F ST, Lin ZRF 98 0,
K DTT F1 Tween-20 {1 A $2 BRI (4 22 whig T LAEE =5 R Y
IHE IR I 12 Seiki Al Watanabe 25345 H] SDS #il
2-ME & Bt 3 BGR A2, i 1 A Koizumi %6 %1
AT TR K, K 2-ME B #R Na,Sos!'", #
Na,SO; fE NI FEFIR T S # kS R 2-ME, x4k
S BUR AR BOR R T AR PR AR JE R A S L, Ris 3
REEOBRME R, (AR XAF pH A1, 1
L5 7] 30 ) ) B R A AR s . PR o
X SDS il DTT AREGH . PBS A%E A R i A $E U
pH N 8.5 WYSRBUR ALY S pH J B A o it R B v J3E HL
B3 Wi s 1Y L A8
3.1.2 AR ER IR EMAL

W — T FATHAE T $EBGA (SDS A1 DTT)FIZE ik
(PBS)f A4l pH(8.5), T TG HEEGH 4 ik B 1F— Ak,
IS R R R BGARICT & A R IE DRI . &%
PUFESCHE R 4R BGRIVR B e 1B L, ¥4 T SDS W43
A0, 0.25%. 0.5%. 1%; DTT ¥#EH5H 0. 0.5%. 1%,
2%, W 3, BLET 16 FORFERBGHE E RO, HH
R T BERLAE S BRASI B £ S JE T S AR AL, (R B BRI
T3S, fUmh, A O A AR KB BT A

16 FhAS[a) e B2 SR EGR A SR BUR T 3 Bl T SR EU
MUBEAWEWRE 2 iR, 768 3 FLh, EREHmgErR
BUAGHEPERE SDS I DTT WeE T rh e i . 7EfaiL
FEF (A 22), EFEH DIT B, % SDS WM
0.25%32 T+ ZE 0.5%, HEABEHERIT 24.6%~60.7%, i
Bi# SDS WM 0.5%4RFAZE 1%, A HER DT
29.6%~36.9%. 1M 44R-EGH &4 SDS B, 2 ¥ vk i b
DTT Wb A B 2, e 2B MR L5 P (8] 2b), Bli% SDS ¥

BN 025% T E 05%, EHEHEM T
28.5%~113.8%, 24 SDS ¥k Ak L2 48 = Jo B & AR b, JH
DTT AT 2 17 At G 8 32 P T 7 2R 3 o (D
2¢), 1€ DTT WEH 0~1%M), Bz SDS H &M 0.25%42 T
2 0.5%, HEEHEBEBINT 26.9%~29.6%, Mi#E SDS
M 0.5%IETHZE 0.1%, LB T 53.2%~81.6%. I
1E DTT e Jy 2%}, [l SDS # M 0.25%3 T+ 2 0.5%,
EFEEERINT 1402%, 2 AR, AaALEET,
SDS Hl DTT #2334 i3 i (i $2 IR TR B, #F7E 0.5%
FER AT IR B kS, JF H 24 SDS HinE 1% He B i K2
TS B0 SR, I 2 R AURE TR B T4l PR 35 5 T
E R AL, BEr SDS WeE R R T AR R E R
JRUTTE A REVE THRBUR . A MR ST b, SDS Al DTT [Al#E
FEBIR 0.5% 11 e F5 ) 2 i R vk B iR B B /KO, (HAR S
PR PRI e P T i 2RI . AR ZE T, SDS #1 DTT ¥k
BE 43 FIAE 1% 2% 28 [V H Ve B3k B 5 s K -

FEE—2553 07, 24 SDS A1 DTT WEI N 0.5%H, 3
I T T BRI B 11 R VR B A LG T SR AT fe] 2 TR B
PHAN T 5 f% . AR LT Watanabe 2541 85 2 1 50542 B )
BG4k |, SR SDS il 2-ME #32 B 2 I 5 Y 10~100
R, AR T3k vl DA S 2 v T BB B R

T EEWR SR BRIBGIRREE AN,
1T SDS-PAGE 43-#r, i & 3 n] LIFE H, Bk F & R
BHZ/DREERSREARE 8. @B IkEE L
JRALERER (4 TR UL, FrA B ION #3819 2%
I

I FRAT T R AR AL EE O 0.5% SDS, 0.5% DTT
i) PBS ¥, pH 8.5,
3.2 AIRERRENSRMKMK

RBOBAAL5EEE, M 0.5% SDS 1 0.5% DTT i) PBS
W, pH 8.5, MR 1 AREEXHEBCE BT L, 20
OSEAL . YR A R B R A
32,1 BRAHMA

BB T 3 3020xg. 10000xg; B 5. 15,
30 min. QI 4 Fi7R, 6 FHELLSECT, BEEUNE kA
TM ¥R IF AR B S50 A B2k, (R TE 3020
0, 15 min ¥ E.0SEEME FRRBGE FIVRE e, A T™M
WA, PIEIERE T 80234883020 g, 15 min fENJE
LIS
322 ¥R

Y BRIHEEH T 1 min, 30 min ., 1 h(60 min)F1 2 h(120
min)4 S50, AR A BB ARAL 1 (& Sa), ¥R A
I min 3§31 b5, EABELWRERST 51.2%, 12 h
Y GO 0] A B I VR EE AR EE T 1 h BT R A T 32.5%
X5 Walezyk ZEPH o 45 A, #5 K AYSR I B A)



5513 1 R, S IR SRR 2 AR ELTSA A AT AL By 1k A 5 4433

SRR (W R 7R R R R WUER 2 i B B (]
5b), 30 min {3 FTET MR INE I = 47.2%. AR 25 &
25 J R 0 B () A5 TR 22, AR KR B 30 min A ¥ 5 Ao i) 4k 48
WS,
323 ¥HRBEMAC

YRR FFEEE T 4 38, 4 9h 4 °C. RT,
40 °CH1 60 °C. B IV VW AR AL [ (F] 6a), $4J5TRLEE DA
4 °CHEIME) 60 °CJr, FEABHMKERILT 51.7%, HH#AE
4 °CHIEE I R B ey, BEE B R THE, I & M
TR BET D, DR BT A R T SR AR L
VE o e 275 TR W 0 HE 5F R R, o 4 1 B I (room
temperature, RT) (135 [0 L B 4R S U0 F S50

3.3 FIRERERNNA

TEWG T TE B 5 R A ARG . AR fa
PIAL. BRI =St KB, 5 Rl S BORRZE bR i 4 iy
A SR B s T R A A H SRR R XX s R
iR AL BT AL 7 2 PBS(pH 7.4)42 5 2 Aoy 42
HUG 248 ELISA Kill, @b A 810 T™M & B SR T
X ECIEAG o QI 7 ISR R, PBS(pH 7.4) R IBCRAS: Hi 7]
RS A LR PR B, T LAAS G A Ry v 7E £ LS
BEIH LA FE R I AL T PBS(pH 7.4)4RHL, A2k
T I rb A AR B A B O I ARSI TM R
PBS(pH 7.4)&HU), KA EAEXT TUMEAS 3 WL A& i
FEJA o e (PR G R R

|6, —8—DTT0% —8—DTT 0%
—e— DTT0.5% 451 —@—DTT0.5%
14| —A—DTT1% 40| —A—DTT1%
12 35
30
g 1 s
i B 25
% 8 2
i T 20
= =
15
4 ) 10
2 z _ 5
a b
0 0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 02 0.4 0.6 0.8 1.0
SDSe /% SDSHe %%
—=—DTT 0%
B —e—DITOS% 4 1
—A—DTT 1% I
30} —e—DTT2%
25
s
8
2 20
e
15
10
[+
5

0.0 0.2 0.4 0.6 0.8 1.0
SDSHERE/%

TE:a. MBAUIERT; b, A UFEERT; ¢, IR .
B2 A IRIAC L SR IBORTE 3 iRk B b i 21 1 0 e i L

Fig.2 Protein dissolution in three matrices using different ratios of extraction solutions
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P 3 (A IRIAC LE A SR IBCGRTE 3 iRk BT b B 25 11 9 A U R SDS-PAGE 234

Fig.3 Protein dissolution and SDS-PAGE analysis in three matrices using different ratios of extracts
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el 4 S [R) RO 2 B0 KL 11 B FLER B 11 B B ARG 1) 52 iy

Fig.4 Effects of different centrifugation parameters on the extraction and detection of crude protein and tropomyosin
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2h

30 min

- a
0 4 8 12 16 0 2 4 6
1 (mg/mL) TMife i /(mg/mL)

1 min

H:a. BFIHEE; b. TM #JE; c. SDS-PAGE,
B S S ¥y o st ) ko KL 10 0 LR 2 i B R AG ) r) 5 hi

Fig.5 Effect of different homogenization times on extraction and detection of crude protein and tropomyosin

180
135
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H 1 E (mg/mL) TM I/ (mg/mL)

H:a. BFIHEE; b. TM #JE; c. SDS-PAGE,
B 6 AN [ 24 Jo i ot KL 1 0 LR 2 i B R AG ) r)5 h

Fig.6 Effects of different homogenization temperatures on extraction and detection of crude protein and tropomyosin
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