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Development of Double Antibody Sandwich ELISA for Detection of
Almond Allergen Amandin
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Abstract: In this study, a high-affinity anti-amandin monoclonal antibody was prepared with the use of extracted and pur-
ified amandin, the main allergen of sweet almonds, as the target. Using the mouse monoclonal antibody as the capture anti-
body and the rabbit polyclonal antibody as the detection antibody, a double-antibody sandwich ELISA method was estab-
lished for the detection of amandin protein by optimizing the conditions of the sealing solution and the pH of the buffer. The
detection limit of this method was (0.88 + 0.08) ng/mL, and the linear range was 5.86 ~ 187.5 ng/mL. The method showed
no cross-reactivity with whole protein of sesame, peanut, walnut, and f-lactoglobulin, indicating good specificity. The re-
covery rate of bread, cookie, and chocolate in the spiked recovery test ranged from 82.16% to 112.04% , and the limits of
detection (LODs)in the actual samples were (9.07 + 0.23) ng/mL, (7.78 + 0.18) ng/mL, and (327.37 = 0.25) ng/mL,
respectively, which indicated that they can be used for the accurate quantitative analysis of amandin proteins in the actual
samples.
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AT BB MY 1gE IRBIMOCHEZ AR, WL AT
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10* Y08 N A 22 kB4 AR

H A F B Y Bua WA A BRI T N, el
A5 T BRI A R S A DS =W, T B Y s
5 R B oy SR 5 S R BB A i o A,
F Tl = AH DG Y 5 | o B0 R R (A 1 AN R B
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Fig.1 Schematic diagram of amandin allergen detection in food by double antibody sandwich ELISA
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TR A YR BR A F ; 7547 amandin 522 WL
i, R bR Ay = 25 B A iR B s ke
e r . 2R A 8RR A S8 5 T
il 25 o ARSI R A A A iR, SEEG FH K38k
alisK .,

HaiK 2%, 22 Millipore 23 1) ; BEFRIX . CO,
MM FRAG, 5 E Thermo 2Tl ¥R ELO ML, £8 [
Eppendorf 72 A ; IR AE IR 55 7240 , 3% BIRH; [ b5 52
5 (F W) A RS Al BL610 % 40 BT K F , 4 [
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HE R AL B AL R, (A SRR 2 i s R BRI R
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1.2.8  FEFRAF Rk i
SPANFE 3 FRSCFRFE S H NI amandin AR, 38
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120 pg/L, F-LIRE N amandin A9 AR R G oA B X
R A A HTRIE .0 ELISA STHAW H Y amandin
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Q) A ECR (R) , VABRUEIZ J7 3 AR SE BRI Hh 1
B -
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21 Amandin £7F

YE R i FEA S HE A, amandin J§ T
1S BRE ALK, KL, i a0
AN R R 2K (4.0 x 10% ~ 4.2 x 10%) s £
JIK (2.0 x 10* ~ 2.2 x 10%) 4, P HAT B #Ga
NN R R Rk EARic & AP A
amandin £ SDS RNMBEEER K (SDS-PAGE)
GrFT, EERNE 2 B B 2 BT ARX AR
St AT B A, RIHEECE 1 amandin H 247
b, R, T LA G A TR S5

4.8 % 10° — | —
3.5% 10— -E B
2.5% 10" =  —

1. marker; 2. amandin
2 SDS-PAGE &
Fig.2 SDS-PAGE analysis

2.2 Amandin B EEHERMNE
HlEaifk T 3 ¥EPt amandin B TERERHLA, 4094y

%40 5G8.6B9 . SE12, s 1 pg/fLAY amandin
FAIEIHE ELISA 5@ 4lifb 5 Pt iRss i, 258 3% 1.
HlA R 3 PREATCREHUARM XTI Asso YITE 0.8 ~
1.2 ZJa], #BfEfS S amandin FHAFEESHER S, 6B9 .
5G8 XFRPLAELM . SE12 W&, RIH AP A RETA
(MR T A

®1 BEEREZINNESSR

Tab.1 Test results of monoclonal antibody titer

MR G Asso B
6B9 1.129 5.12x10°
5G8 0.966 5.12x10°
5E12 1.075 2.56 x 10°

2.3 Amandin B EHREFEFHNE
SRR T BRSNS AP RE T 1R ES ,
SEPPN PR RS (0 BB, R e A Iy 7
ST SRR . BT REBTACE A e 25 R WL 2, e
VERER AN d5c= 1) 6BY FRIERENUA AT 2E ELISA
TR,
R2 BREREEMANESER

Tab. 2 Test results of monoclonal antibody affinity

Btk @%ﬁmrﬁz/ WZISW%/ K./ ) K. 14
(ugmL”")  (ugmL™) (L-mol™)
1 431x107  643x10°
5G8 0.5 1.10x 10" 1.05x10° 3.38x 10’
0.25 1.75x 10" 2.64x10°
1 625x10°  1.16 x 10"
6B9 0.5 578x10%  1.33x10" 1.23x 10"
0.25 6.07x10°  1.20x 10"
1 331x 107 7.32x10°
5E12 0.5 7.88x 102 120x10° 3.87x10°
0.25 1.12x 10" 3.08x10°

2.4 HARMEERSREMRL

I AL 2530 52 7 vk X AR TR S5 A B AR 1 e
FETARMRBE AT T 0k , i e ik SR e LA bl v
H 0.1 pg/fL . RETEETUATRBEECN 6.4 x 10* HE4T
JE S, WHUARIE L ELISA fefd: 4 E hnifk .
BT B (PBS) WO E/NTF 0.1 H PIN fek

FEF R AT ELISA JiZ: ke H PR 528 A
FUIMSC, 2l A B P VR LR ] B RR 25 L
AR SRR, BEARAS AR . B 8% ILry 10 Fhdst
PRI VR FIRICR G 3) RIK, AN[FEHR T PIN f71E
BRZER, NI BT B EAE. T 0.5% i
JgFLky PIN =25.234 Jpie KAE, HAR 1% AR
PEAE A, (R R 3 )y i RS FISA | fe ki
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B AR 0.5% BilgFLA o
£ 3 Wk ELISA $# AR ERE
Tab.3 Selection of blocking solution for double antibody

sandwich ELISA

Eapgibia P N PIN
0.5% WEREFL 1.767 0.070 25.234
1% WEAEZLA 1.635 0.065 25.137
2% MEREFLIY 1.524 0.063 23.903
5% AR FLIY 1.397 0.061 22.896
PBST 1.942 0.175 11.068
PBS 1.479 0.174 8.475
0.5% BSA 1.628 0.110 14.795
1% BSA 1.664 0.122 13.633
0.5% B fi 1.919 0.182 10.491
1% Wi 1.980 0.240 8.219

2.5 MHmEREEpHAKL

G g2 RGN 512 1) AR AR e L b M e St R
), TR 1 AR P TR e ) 1 T 4 ) 4 ) ) S
HZ, IrATE %A A pH A9 amandin # BB 60 )%
LR, E— ek i R . B
100 pL/fL, HABAAEAAE | i LA TR P54, 45
W 4. MEAMP pH o~ 6.5 i), BHEEFLIOGRE i
15 AR R PE M REE T B fET I 2 B iR 5 R
Jidei X Al BE &K amandin FRRYEZ KN T4 7
FN, R 22 K 2 5 Bl AR B0 L (A e )
ISFI 4 X R LR O B e v T o M SR R e YR A
PR o AR E bR, ek 8 pH 7.4 FieE4 A

Fz 4 WHlk3el ELISA pHi%RE
Tab.4 Double antibody sandwich ELISA with different

pH values
pH P N PIN
4.6 0.988 0.058 16.755
5.5 1.272 0.064 19.737
6.5 1.329 0.062 21.283
7.4 1.259 0.058 21.497
8.7 1.161 0.058 19.767

2.6 WHfEIils ELISA ¥Rt i £k B3 S1

K FR (limit of detection, LOD) & X A 10 58
X REFLIRO GBS SA (B3 A v O 2 X 1 1) 2 11 Jo
R R (limit of quantification, LOQ) & Xk
10 A28 U0 BEFLIOG R 349(E+10 A bm o 0 25 X 1
07 B B Y A ORI e 0 ELISA
PRUEN R A&l 3 R pndfEM &t RN y =
0.863 19x+2.13949, R* 2l 0.997,, K& i FR5% (0.88 +
0.08) ng/mL, &VEVEE A 5.86 ~ 187.5 ng/mL ., #EMiZ%
ety ELISA Jrid BB R AR ARG - 25110 175
FER B EUA, WAR 55 T 2 s BEBUAYE Rt

AEHEAREEE Fa0k FH20

RIS STORIEA o

1.6 |
ot

12t
< 08f 4

0.4

-

0r

10" 107 107 10"
AT SR S/ (mg- L)

3 B CEBERGESD ELISA FRERLZ (n=3)
Fig.3 Standard curve of almond allergen double anti-
body sandwich ELISA (n=3)

2.7 FHixEERM

RS RPN A S R B LAY, A — e A
JE B RN T BRI — 1k il B LR LA i
R E Bk E A A E SR N ZRREE A
B-FLEREE AT AR SR SIS, PR AN Jr vk I S
P, S5 nE 4 iR Hith 4 Aol U5 R PN I
FTARCEAHIEYNT 2, RIPZOTEAFAESL L
N, HA RAFI4S

25

HH

20 F

PIN

Ebe tEE S ZR p-Rlk AT
el aEn ein &N &N

4 ET ELISA WK OERFFFEDT (n=3)
Fig.4 Specificity analysis based on double antibody
sandwich ELISA (n=3)

2.8 EERHESMMNERERILE

it PR K Ak A W BN S T A S R AR
USSR SR, (ARG 25 RN HER o 785 PR
FH A AR T B A 2R AL B AR , SRS BRIE R 1R
SONSHEOINESC0 E R wallll 3 & IRV SR GO P
B vE BARICN T $RIBOR P A 5t 2 0
FUFIHE W BEA RO PR EE T4 . AN RIAG BEA B
DET AL TGS TRE AR S PBS R BRI R
Wik s iR

UPETRE L RIBOR ] PBS (pH 7.4) #ii B 2 A5,
b fE LG Ak ShrE R EEA T A, RFEZH
BAEUT , BESL VB SRS 2 5 L [ AR S 1
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ghia, PICIET 2 A5 B R DF TS IO A0 Bk 552
i), Fe A6 PR A (7.78 + 0.18) ng/mL.

16
o=
P 2
< 08t /g
0.4F r///g = PBS
.y o Sl
oL N 2T
0.001 0.01 0.1
AT S AR/ (mg- L)
(a) YT
1.6 I
,;,l;: *
1.2 A
2 r'd
< 0.8 VA
0.4t > = PBS
P o 5k
o E « 2
0.001 0.01 0.1
BAE R R E (mg- L)
(b) i
20 B & 2
A
15t >
< 1o E
il i ,a;:’»"’:‘/ = PBS
S o FikRsfs
of * « T REL6f5%
0.001 0.01 0.1

AR MR (mg L)
(o) 53e
B 5 AREHBREHNOHT BEMEEANERERRE
PBS AR HIARE B £ (n = 3)
Fig. 5 Standard curves for biscuit , bread and chocolate

sample solutions and PBS solutions at different
dilutions (n = 3)

M AR RO PBS (pH 7.4) B 2 5},
ARG LA AR ShrE IR SEAR T A, RIAEZH
BRSBTS, RE SRV 3L A 2 5 Bt I pe Ay S 1k
ShG RIUGBE AT 2 A5 T8 I R G P B 17 2 o5
i), 46 PR 4 (9.07 + 0.23) ng/mL.

MIG 78 HIRER AR ] PBS (pH 7.4) ik 16 1%
B, A5 A AL SR SEAE &, R
G RRAEECN | PRSI B O 2 s bt R AR
SRS A LR M LA T B o AH R T AT A
755 o 25 SR ARG 0 A P 52 M b 5 K 1) R T R S

AT Z 109 B AR 2 38 5], G e BRSA (327.37 +
0.25)ng/mL,
2.9 XFREMARINEW G

N T VEIZ ) A S B R v o 3
AN amandin MIETHFESIIA 5 P TR 53 5]
K 7.5.15.30.60., 120 ug/L A9 amandin, ££ & il £
J& , LA T2 0 ELISA J7 3l 52 45 B Hh 9
amandin JIGERNACE , 25 R ULFR 5. 3 ke S JEIAAE
¥R BA S5 R B ISR FE 82.16% ~ 112.04% FIYE
LY, R BZ0 20T FF B & FE b amandin 119
HERfE 1T o

%5 BOZFEEFMERNELSLR n=3)

Tab.5 Test results of addition and recovery of almond
samples (n=3)

FE i WA (ug L) e + FrE2E  FeR%
0.0 ND —
7.5 7.27 £0.558 96.93
it 15 15.03 £0.234 100.22
30 24.65 +0.548 82.16
60 61.05+4.116 101.74
120 122.36 +3.931 101.97
0.0 ND —
7.5 6.22 +1.339 82.93
i 15 14.25 £ 0411 95.00
dnl 30 33.61 +£3.081 112.04
60 64.19 £ 0.679 106.98
120 105.14 + 8.249 87.62
0.0 ND —
7.5 7.52 +£0.793 100.31
. 15 15.66 + 0.694 104.42
551 30 30.12+1.818 100.41
60 53.05 +5.322 88.33
120 119.97 + 3.248 99.98
3 & it

T PEHCA T F R . amandin, 45 T SR
Ry e BT , IRI A AR, Dz wife
Ui TR, it A SRl S T T
&Je.t> ELISA 5 vEA £ A 94~ 11 amandin,
K HYBR A (0.88 + 0.08) ng/mL , & PEVEHI N 5.86 ~
187.5 ng/mL . FEPESLIRIEIZ ik S 2R EA .
wAESEN e EAM p-FLERE TS LR
N o ER RS B T AL L R L 35 T R A 4 TR
KN 82.16% ~ 112.04% , Al gk—H T SZBREE S,
HH amandin F)7ER E =T

AW 5Y B e i i TR JE 0 ELISA
T, BT LA R VAR ARSI S R A B A A A
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J5t, REUEZAE T H i 4oE i) HAR AT 42 0 ELISA
7o FEUC, BERT RN & i SCBE R A, Dy [
AT G T RS RS % T R i
B ORI b P ) 2 4R E 2 dedim, X S PR i
L, O S AR TS BR S UR AL, HETT S R
FlEAI iR Sh= NN R opu ks Uit g /e ia il
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