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Abstract: A new method was established to quantitatively estimate almond kernel protein in almond protein beverage using competitive
enzyme-linked immunosorbent assay (ELISA). Subsequently, two-dimensional electrophoresis (2-DE) was used to compare the proteomic
differences between almond kernel and apricot kernel. Amino acid sequences of apricot pruning protein were determined and a Pru-1 subunit
fragment with a mass of 27 kDa and pl (isoelectric point) of 5.5 to 8.0 was identified, extracted, purified, and used as an antigen to prepare a
specific monoclonal antibody. This was used to establish the highly specific ELISA method to detect almond kernel protein. With almond
soluble protein as standard, the half-maximal inhibitory concentration (ICs) of this new method was found to be 10.3 pg/mL and linear
detection range was from 2.0 to 100 pg/mL (R? = 0.991). The method exhibited good specificity and had no cross-reactivity with the proteins of
test apricot kernels and other edible plant seeds. In the pre-treatment procedure, 7 M urea with 0.5% dithiothreitol (DTT) was used as sample
extraction solution. The limit of detection for plant protein beverage was 300 ug/mL, with relative standard deviation lessthan10%. The average
recoveries of pasteurization, ultra high-temperature sterilization, and autoclave sterilization were 97%, 93%, and 84%, respectively.
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Table 1 Information of seven almond kernel samples and five apricot kernel samples
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Fig.1 Sodium dodecy! sulfate-polyacrylamide gel
electrophoresis images of 12 samples and antigen
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Fig.2 2-DE and western-blot images of almond and apricot
kernels

E: B 2-AB =G kB B 2-BUad =) bk B
i#; B 2-B.Abki= Western-blot B 3%,

2.2 ELISA 77 %ty ik

BT mibkA— 26 ku Pru-1 & 1 BONSUR, 84
M, AWFFiHE T PURP Pru-1 A sERE R4
K 3-B P oAU B Wk R IS 5 AR dE AT
Western-blot. & 3-C FzRiZbiik s mphi=rFpra a8
A Pru-1 o BRI A [ R FIZG TR G T R
B R ELISA k. B 4 Bz, % ELISA J5
£ 1Cs 4 10.3 pg/mL, ZRPEVERN 2.0~100 pg/mL

(R=0.991). % 2 RHIZIIFHF AL R, SRiES
=R AR R A RIFLER TR SR B .

AL Prunin HAKAFUFSLCLLLUFNGCLARRQSQLSPONQCOLNOLOAREPDNRIQAEAGQIETUNFNG 68
P Prunin HAKAFUFSLCLLLUFNGCLARRQSQLSPONOCOLNOLOAREPDNRIQAEAGQIETUNFND 66
AL Prunin GDFQCAGUAASRITIQRNGLHLPSYSNAPOLIYIVOGREULGAVFSECPETFEESQOSSQ 120
AP Prunin EDFQCAGUAASRITIQRNGLHLPSYSHAPOLIYIVOGREULGAUFSECPETFEESQOSSQ 120
AL Prunin  QGROJEQE-OF 000EROCROOCRODOEECROOE q 179
AP Prunin  QGRQQEQE 00 QEEQQQE 159
P PR
AL Prunin 0Q0QFRQLDRHOKTRRIREGDUUAIPAGUAYWSYNDGDQELUAUNLFHUSSDHNOLDONP 239
P Prunin 0Q0QFRQLDRHQKTRRIREGDUUAIPAGUAYHSYNDGDQELUAUNLFHUSSDHNOLDONP 219
AL Prunin RKFYLACHPENEF NOQGQSQPRQOCEQ--CRPCQHOQPFCRPROQEQQENCNNUF SCFNT 207
P Prunin RKFYLACHPENEF NOQGQSQPRQORQQPFCRPCQHOQPF CRPCOQEQQENCNNUF SCFNT 279
M §
AL Prunin QLLAQALNUNEETARNLOGQNDNRNO 1 TQURENLDFUQPPRGROEREHEERQQEQLQQER 357
AP Prunin QLLAQALNUNEETARNLOGENDNRNO 1 TRURENLDFUQPPRGROEREYEERQQEQLQQER 339
AL Prunin 0Q0GEQLHANGLEETFCSLRLKENIGNPERAD IF SPRAGRISTLNSHNLP ILRFLRLSAE 417
P Prunin 0Q0GGQPHUNGLEETFCSLRLKENIGNPERAD IF SPRAGRISTLNSHNLP ILRSLRLSAE 399
P fi—

L Prunin RGFFYRNGIYSPHUNUNAHSUUYUTRENARUQUUNENGDATLDQEVQQELF TUPQNHGY 477
AP Prunin RGFFYRNGIYSF UUYUIRGNARUQUUNENGDA ILDQEVQQGOLF IUPQNHGY 459
AL Prunin 100AGNGFEYFAFKTEENAF INTLAGRTSFLRALPDEVLANAYQISREQARQLKYNRQE 537
P Prunin 100AGNOGFEYFAFKAEDNAF INTLAGRTSFLRALPDEVLANAYQISKEQARQLKYNRQE 519
AL Prunin TIALSSSQORRAUY 551

AP Prunin TIALSSSQORKAIE 533

FRERERERREIED D

& 3 RH=FZS= Pru-1 SEELFFFIEL S
Fig.3 Apricot kernel and almond Pru-1 amino acid sequence
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*2 5REANTNREE
Table 2 Cross-reactivity of antibody with various proteins

B LAY ICso/(ng/mL) RSB Z Y% B4 1Cso/(ng/mL) RSB %
BA=T5EE >1200 <10 BT TEEES >1200 <10
L REY >1200 <1.0 AT 8 >1200 <1.0
G avIREES >1200 <1.0 ATEEY >1200 <1.0
RETIEEE >1200 <1.0 a-FLAaxa >1200 <1.0
*aTEEa >1200 <1.0 B3R EY >1200 <1.0
MFTiaEa >1200 <1.0 i &) >1200 <10
20+
100 F g m 120 °C for 15 min
B ® 65 C for 30 min
E A 137°C fords
80+ =
m‘: 60 I g
= "
a0l o
=
1E
2010 ‘}}
T T T R T/ R = % 5 10 15 20

JaBCE ERE / (pg/mL)
& 4 RHM-ERRY ELISA SEF L
Fig.4 Representative detection standard curves for almond
protein in competitive ELISA

T i B A~ 3 R EE / (mg/mL)
& 5 FRIMHARAFERIZER ELISA ML RILE
Fig.5 Comparison of almond proteins treated with different
heating methods by ELISA

* 3 MEFRTRM-CERSERNER (h=0)

Table 3 Determination of almond protein content in various commercial products

Bk~ &4 2/(mg/mL)

Fa kA= &Z/(mg/mL)

A - o -
ELISA PURSE Rk ELISA HURE Rk
A= 1 7.640.6 8.240.3 A= 1 A 9.240.3
FaikA=5 2 11.240.9 12.30.3 =% 2 8.50.7 10.320.4
P45 3 8.240.7 10.640.4 A= 3 FAbh 1540.7
FaikA=5E 4 2.740.1 6.240.3 =54 RAE 7.240.3
FakA=35 5 2.840.2 5.330.2 =% 5 5.640.5 6.820.3

24 LA AR

AT T YN 28 BEAT LI S e DA~ R A~
HAVCEHS 5 47, RIUPTESLEK ELISA J7iME bR
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GB 5009.5-2010 #HE ML E Bk AT aill. LA 10
ANANE R BAZ A3 PRIAEA) B 1 ORI 7 45 5P IME
3 FEAnEw ZAE R T IER R, R HBR Y 03
mg/mL. % 3 iz, BT BN b= 8 B UORHEIRE



MR BRI

Modern Food Science and Technology

2016, Vol.32, No.1

aSIR YRR, TATAE i B AR R Bt (e 22 <10%.
1~3 5 A PO MR A P 0 2 SRR ERE )
SERIBONTEE, (H 4 T 5 SREMZEREROR, AIREIZRE
ani A —E MR AR . 5 M ERA 2 Dby
PURBRAAE D9 IERE, i BRI EA R BE RS P AU R
I FEAHEARAR D, A ATREAE TR AT A1
IR ZE IR A R

3 g

BTSSRI A NEFRAGIARE, Hihikd
MZEEKX, ARG RS Oy s 5B S
A, A BRER IR R MTEA:, S TR
MK ERIBIL, BAMEG R A€ ESAROF AR,
(LR it (AN AN ORGP LM R 20T AR S PR R
JTFAS i R E R RS DL AT I . AT TSR AL
JrE T HERAS I B OB R R B R B, A
BE—D 51 ) R R MR EARNEREE A SR,
FETEIT AR [ B R FL e i O RS R o SR 35
SRBUSIEAR S, oA T wl A8 AR
PEE B T B

Bt I K

[11 257 A4 BEE S CESEATE TEMRIL K
FLARE P TE[I] B & i BH%,2009,25(7): 786-789
LI Fang, KONG Ling-ming, Yang Qing-xiang, et al.
Preparation and stability of Amygdalus communis L
protein beverage [J]. Modern Food Science and
Technology, 2009, 25(7): 786-789

[2] AyakoY, Yutaka T, Takahiro N. Enzyme immunoassay for
phycocyanin as the main component of Spirulina Color in
foods [J]. Bioscience, Biotechnology, and Biochemistry,
1996, 60(1): 57-60

[3] Zhang S, Lai X, Liu X, et al. Competitive enzyme-linked
immunoassay for sialoglycoprotein of edible bird’s nest in
food and cosmetics [J]. Journal of Agricultural and Food
Chemistry, 2012, 60: 3580-3585

[4] Su M, Venkatachalam M, Liu C, et al. A murine
monoclonal antibody based enzyme-linked
immunosorbent assay for almond (Prunus dulcis L.)
detection [J]. Journal of Agricultural and Food Chemistry,
2013, 61(45): 10823-10833

[5] Su M, Venkatachalam M, Gradziel T M, et al. Application
of mouse monoclonal antibody (mAb) 4C10-based
enzyme-linked immunosorbent assay (ELISA) for
amandin detection in almond (Prunus dulcis L.) genotypes
and hybrids [J]. LWT-Food Science and Technology, 2015,
60(1): 535-543

[6] Garber E A E, Perry J. Detection of hazelnuts and
almonds using commercial ELISA test kits [J]. Analytical
and Bioanalytical Chemistry, 2010, 396: 1939-1945

[71 Harlow E, Lane D. Antibodies: A Laboratory Manual [M].
Cold Spring Harbor Laboratory Press, Cold Spring Harbor
Laboratory Press, New York, 1988: 139-242

[8] kR, mE AR BEIE ], A5 A B YUCRHIC 77 AL B AL ).
PO R Ak K 222 4,2006,28(2):197-200
ZHANG Cai, TONG Hong-rong, ZHANG Dao-ming, et
al. Study on optimization of the formula for vegetable
protein drinks [J]. Journal of Southwest Agricultural
University, 2006, 28(2): 197-200

[9] Costa J, Mafra I, Oliveira M B P P. High resolution
melting analysis as a new approach to detect almond DNA
encoding for Pru du 5 allergen in foods [J]. Food
Chemistry, 2012, 133(3): 1062-1069

[10] Wolf W J, Sathe S K. Ultracentrifugal and polyacrylamide
gel electrophoretic studies of extractability and stability of
almond meal proteins [J]. Journal of the Science of Food
and Agriculture, 1998, 78(4): 511-521

[11] Zhang S, Lai X, Yang G. Enzyme-linked Fab’ fragment
based competitive immunoassay for ovalbumin in
hot-processed food [J]. Journal of Immunoassay and
Immunochemistry. 2013, 34: 393-403

325



