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Detection of Pine Nut Allergen in Three Kinds of Food by Ultra-high Performance Liquid Chromatography-Tandem

Mass Spectrometry

NING Yawei', ZHOU Hongxin', YANG Zheng', MA Junmei’, LIU Zhuo', ZHANG Yan’, LI Qiang>*
(1. College of Food and Biology, Hebei University of Science and Technology, Shijiazhuang 050018, China;
2. Hebei Food Inspection and Research Institute, Shijiazhuang 050000, China)

Abstract: An ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) method
was established for the detection of pine nut allergen Pin k 2 in food matrices. Pine nuts were ground, degreased, and
enzymatically extracted and the hydrolysate was separated and analyzed by using an Easy-nLC 1000-QExecutive
high-resolution mass spectrometer, and the mass spectral data obtained were processed using Protein Pilot TM software and
the Uniprot protein database. The specificity was verified by Basic Local Alignment Search Tool (BLAST), and three pine
nut-specific peptides were selected finally. The developed method exhibited a good linear relationship in the concentration
range of 0.001-50 mg/mL, and the limit of quantification was 1 mg/kg. The average recoveries for blank biscuit, chocolate
and beverage were 88.50%—-107.57%, with a relative standard deviation (RSD) not exceeding 6.08%, and the matrix effect
was 89.77%-96.13%. This method has the advantages of high sensitivity and good specificity, and can be applied to the
detection of pine nut allergens in food samples such as biscuits, chocolate, and beverages, which provides technical support
for the authentication of food labels and the detection of latent allergens in foods.
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BT, &b SR R £ R £ EAFEEE T DNA
TP B I 5 AR AN T B 1 KT BRI B AR R R
FETDNAK P M AR A B &5 0% N (polymerase
chain reaction, PCR) "'\, SZHfPCR (real-time PCR) "
PAR A SR 4 R BT 2R A KT BRI
A, BEEE IR (enzyme-linked immunosorbent
assay, BLISA) "1 #pe bk 45 ARV DA K i AH 15
- B BCF % (liquid chromatography-tandem mass
spectromotry, LC-MS/MS) &', H i & E &%t £
PR R RS I B T > . [ AMRGE, GarinoZER”
T real-time PCRXAT & 7% £ ity A ¥ it U 2F A7 45 53 1
Rl o 3X S HE T DNAZK RIS I 4 A J5 28 Aol £ ot v
e 5 A AR B A 1 R RS U s, RS W R
X gm b H I B R T A, DR TG v A W o s
B, JEHR S HBUEAMEI %Y. Cabanillas"
I ELISASRI T #a 5 I BUEGE A Pin p 1, FAT it f
JEPin p L SHFHEYAI2S B E A BA @ FEUEE, S5
T2 AE AR AMKAEEMNE, R FEEEA
Pin p UFF R MHEUIG, DRIt 52 m & i ois 7 B0 i
WIHERAEE . ELISAR H AN H &) 2 B2 T 8 B BUKF
P gE R A, BAA RS Fr Rl
{HELISA R Ge kIl — P sk &8s 0 ma, B Tt
FHH IR o A 1 T 2 S B A T vk ARl AT H B B
PSR R, AW EIF R — P T i il s
PR R PRSI EAR .

FUEH AR B A S EE. SR & RABESENR
R ANURT DU G0 o AR R R 1 AR MR 1R I AR
[{ER A TR E RIS U /R e g S Wi S R (4 e R
) R, e R I e R U TR A A AR
#. Sealey-VoyksnerZ:"?' S FHILC-MS/MS J7 % 3 F #4
{=id BE pin 1Mlpin 27fi% T TLAQSLDVELETARAI

DYSSFPLAGPASSSGGGGR W 2 FFAERE BL, SEBL T 1
R, AHRTF R RS A AR . LeeZ ™ T4
1= 3 U5 LLALPNFGEVSELLEGISR A 5 B Ik BE g7 7 —
FRLC-MS/MSTER I GEFHp i I R i, Hpfafoid
TR PR A 10 me/kg, J7ikAs H BRAG R . DRk,
H L EHEFLC-MS/MS J5 15 05 25 @ fe J R AE KB, T
R R BUFE A M AR . ST BRI 5
AHIF FEAUTR e b A= e S PERK B, #37 —FHUPLC-MS/MS
Xof LA i 3 R R O AA i SR Pin k230847 DRSS
DA 63 oA a S AT o R A, AR
st b 2 L SIS 00 % Bt H A A B P e B A
FAR IR

1 MHES5HE

1.1 kS

A=y BEF OBk 55005 B an BE LI S T L
VEE i

—RFRAEET . A BERE (dithiothreitol,
DTIT) . MZEEE (iodoacetamide, TAA) . BRIREEL.
FAES (et % [H Sigma-AldrichA 7 ; JRE
ptratd Rk T AR R HIRAF B
HTPCK-FRE AR  EESCIEXAF; IEdki. LB (B
NIREY:)  SEEFisher Scientific/A 7 HIER (faial)
AR RFIA PR AR B BR8] Watsons 28
TR AL o
12 {XERHR&

Easy-nLC 1000-Q-Exactive LCQ A & i%- #
e o Jrmi . BiEEOo® (10 kDa) % [
Thermo Scientific/A l; Qtrap 550078 = R AH (03 -
= EPYMAF S EEAB SCIEXAH;
14K A G ONL 32 ESigmaAF]; ULTA-TURRAX
ELHL. Trayster digitalin @R 218 fEEIKA
A#l; SHA-BHERG KBHE HHHEEHEES
RAHE, Bo% f@EEppendorfAal; KHE AR
B FE S (250 pl) % [E Waters/A @) ; Proteonavi
(2.0 mm X 150 mm, 5 um) &%k H A % 2
HEARAF; C&EH (100 pomX4 cm, 5 pm,
120 A) . C ¥t (75 umX 15 cm, 5 pm, 120 A)
JERURIEERA R A A .
1.3 ik
1.3.1  ArdEf & i &%

IS gfad=, IS0 mL/K, {5 LSS min,
B RS ORL 58 VA R K VE T 2 2100 mLAE =R
L K E 2R, B RS0 mg/mL A bR HE A A5
4 CLRAFAH
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1.32  FEShATARE

PRI g &0k 0F B8 (R &, NS mLIE Qe i A
EFEIRAI15 min, 4 000X g5 0>15 min, =& M5
TEW O, BiliE 5 FE s AR JE A4 mL#z
B (&2 mol/LJR R 50 mmol/L Trisi& )
R R R IR h, 6 000X g& 020 min.
500 pL FiEW a2 mLE0 &, 10 pLid J5 5]
(500 mmol/L DTT) , RB2JJEE T60 CKKER, K
%30 min. VRSP HN 2 =G N30 pLi AL
(500 mmol/L TAA) , B2 JGHEAL N30 min.
420 pL A Bl R 22 ph i (500 mmol/L iR R & 7
AT mmol/LI A ) M30 pL i k& A
(500 pg/mL) i, RMREFEET37 CKRKBHMIRE
R A0 pLH R I EE R N, HIRAY=EREE
5 minJ5 112 000X g&5.0»8 min, H( _iE 7% E 10 kDajf g
B0, 14 400X gB5.0:20 min. WEE T R ERCR H &
KRR - B BT AT 20 b7 o
133 AU
1.3.3.1  VBURH €0 B IBG o i i DU 2% A

A A C E4EH (100 umX 4 cm,
5um, 120A) ; Z#rk:: C o #itE (75 um X 15 cm,
5um, 120 A) 5 #FEAEF2 pL; FsHAHANO. 1%
HIREW, WMEHMEBNO. 1 HFE-2 BIHW: W
AR : 0~3 min, 97%~93% A. 3%~7% B;
3~38 min, 93%~78% A. 7%~22% B; 38~48 min,
78% ~65% A 22%~35% B; 48~50 min,
65%~10% A 35%~90% B; 50~60 min, 10% A.
90% B; ¥ti#300 nL/min.

R %A iC 4 55 H % F Nanospray Flex HL 255,
KRS TR0 80N Full MS/dd-MS?; Full MS
SFEEET0 000; I AP HARL X 10% 7 Flm/z
350~1 800; dd-MS*43#§%17 500; H 31 %5 92 ) H bz
1X10°; FEESE Mm/z 2.05 55— & i Em/z 120.05 b
AEE27 eV,
1.3.3.2  HEE ROROMH 0 - R I — 2 DU B 5 i 0 s 45 1

Bl & RGBS HEProteonavi
(2.0 mm X 150 mm, 5 um) ; FEIMHA: 0.1%F 8
W, WAMHB: 0.1%FR-LNEHW; PelifE
0~2 min, 90% A. 10% B; 2~4 min, 90%~70% A.
10%~30% B; 4~7.5min, 70%~60% A. 30%~40% B;
7.5~9 min, 60%~25% A. 40%~75% B: 9~11 min,
25% A. 75% B; 11~11.01 min, 25%~90% A.
75%~10% B; 11.01~15 min, 90% A. 10% B; ik
300 pL/min; HEFEARFA2 pL.

JRIE A R B S IE S TR
KHZ NI BT FLE4 000 Vs FAAE )

55 psis HHENUE IS5 psis A SI30 psic BRI
450 'C.
1.3.4 7RSI
1341 MR, R, 2R

15 F 2 (1 5 ST SR BOBOR A AR RS 2 (50 mg/mL)
Fi B 2 B 090,001, 0.0024 0.005. 0.01. 0.02.
0.05. 0.1, 0.2, 0.5, 1. 2. 5. 10, 20. 50 mg/mLJi&
Mo BU500 pL FR VAR 22 mLEO& T, 41327k
BB 5 o B AL AN A ) 15 BB 1) B AR N
10 pLF ER 1 1L AL, SR)F 12 000 X g5 028 min, HL i
WIT0.22 pm R FE R AT 4E F PRI, USSR AT UPLC-
MS/MSF3Hr

LR T R DA R IR B N AR RR (XD, R
TEJIK B e i W T B A AL AR (YD) HEHATITFE (4 A4NF
17) o 25l LURRAE AR BE 3R 193 5110 £5 15 Mk LI 1 A4 1=
JoT IR FEAE A H R 5 B PR
1.3.4.2  JnAxECE

A3l A FE R IN2. 4. 20 £ BRI AR
HESL G A0, BEAT AR ISR il , REANIREE 1 E e A
SPAT DA SR 7 VERE B P o D HE B i I X A A AR A R B
TR, A b i 2 5458 FH A2 R 5T P R R R AN
{212 R R R BOGROEEAT T o
1.3.43  FEFRN

KB I— 2 'O CARERE &, ARSI
DEF T 50 J3 AR A 1 35 o A BRGRUH F52 AR R T 1300.05
0.1. 0.2, 0.5. 1. 2. 5. 10. 20. 50 mg/mL{¥IARAE 2k
R TR AN . FE AL N A5
slope
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Slopeslandard

s sTope a7 I JE bR AE il 22 10 R 2
S1OP€ naara 7K TR B 1A 1 2 (1R 26
1.3.5  SEBRFE A

] A FE i BF R A Ry oK R AR BT g, B8 BT A BE
500 pL, K EaREE N AL 32T TR AT R A S, H
Pt T Ze R i A A B AT e .
L4 HEGTEEERS

BT A S50 35 B3 RSP 3M, il i Origin 4K A4 %t
el AT Gt o 0 Sz a8 45 RHEAT 1R
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2 HR55K

2.1 RHEBKEB i

R AL U BOXRT VR €8 % - 5T U A U 5 2 R e A A
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HEAT U AE K B O 3k o N 28 R I A 1 Ak S I RE S 1
Easy-nLC 1000-Q-Exactive LCQiRAH 23 - 53 1k =1 43 HF i
WEACGHEAT 2> B /0 M, B J5 456 Uniprot E 8090 22 DL &
ProteinPilot ™ F{F%F 45 31 1) 57 1 ot 2E AT B Ab 2, 15931
KEMKBEE (1D o R4 LU BBk B ik 57 )
HATRAE IR B« B e X IR B K B I 3Kk, ok
8~25 NI N H, MRBOL A LU 2R e MR, T
KA G AT B SRR R IR, FrERBEA RS &
MAE R, AR V)RS DT B DAL s, DLORAE 7V 1)
AEEM: ABLASTHRGERAR R, et iy
Pheb gt 2], IR YRS R AR AT E A E &5
BT, FLA e 1 R AR AN R A a0 AR LA B0
IR, AR T3 TG AR R KB, 4
5| NALPNFGEVSELLEGISR. LEILWFDINTSGNER.
NNVLQTLEK. HFINNVLQTLEK kB A 525 i &
s 10 B R S e IR B . AT U S5 A I R Ara h 3
HEGMEERAY, T RUE R E 5k B2 A R =
P, dilg TARA . B EEk. ZRR. R, PO R
AR 745 LR SR BB St e A IR B e, 452
BN, PR3 SAa Ak Beds) RAEAA T B AR AE i o
B, i A R R EARRE G BN ARG . U PR K B
BA SR ek, o T 85 R I 752 TR

10 20 70 80
MAFVSLLTIL LAISSSSVAL T SDRFRIRASS EAGEIRALPN|

22 110 120 138 148 150 160 170 180
[FGEVSELLEG TSAYRVICIE MKPNTVMLPH YIDAKWILYV TGGRGYIAYV QQNELVKRKL EEGDVFGVPS GHTFYLVNND DHNSLRIASL
190 200 210 220 230 210 258 260 270
LRTESTMRGE YEPFYVAGGR NPETVYSAFS DDVLEAAFNT DVQKLEHIFG AHRRGVIFYA NEEQIREMMR RGGFSAESTS ASEQPKPFNL
280 299 300 310 320 330 340 350 360
RNQKPDFEND NGRFTRAGPK DNPFLDSVDV TVGFGVLNPG TMTAPSHNTK ATSIAIVMEG EGRIEMACPH LGQEHGWSSP RERGHQDINY
370 380 390 a10 220 438 238 450
ERVRARLRTG TVYWVPAGHP ITEIASTNGR [LETLWFDINT SGNEREFLAG K[INVLOTLEK|] EVRHLSFNIP RGEETEEVLQ AQKDQVILRG

260
PQRQRRDEPR ~ 5SS

#l1  Pin k 20% 5152351

Fig.1  Amino acid sequences of Pin k 2

22 AN KR RESERI AL

TEAH [ BE SR LAR 7 26, XFEE100% 7K 0.1%
FEZ-/KF1100% i+ 0.1% T ER- 2[5 20 SIAE NI shAH A
L 51 FH B IS 4R AIE K B T e 97 A R0 . 25 AR B, DL
0.1% H - 7K F10.1% H 18 - £ 53 5 E R sh A AR R B AH
B, REAE IR B (1 o 7 AR RV T R B A, BH S T IR
%, HEBMf et MANRRE—eRE -
TR R R B, IR R (5 S, R4
5T R FH0.1% F R - 7K F10.1% F R - 25 23 IE A shAHA
AR BIHB .

J# it ProteinPilot™ 75 2| (1) £ 4 45 /2. Al LSS B RR 71
KB BEES 7 Fby y & TS 4, EHOW MR S b,y
BT ERNTE T & m R E B AL, 8%
R LLS pL/min 8% B #5293 A Qtrap 550051543+, LA
AR AR B e R B RS R B . PR T LR
f BT S8, S ORIERT I &5 A HERR L, AN R B Y

3ANTET. AR EBRIE. fifEESHIEL
PUAL S A i 1 L 12

#1 RAFEIRB I MRM 5 5L

Table1l = MRM parameters of characteristic peptides from pine nuts
. Uniprot iz A i
HER gl = WA 77 WEN RV

823.92% 40.5
ALPNFGEVSELLEGISR ~ 915.98 175.12 929 415
1003.54 452
243.11% 43
Pink2  V9VGUO LEILWFDINTSGNER 903.95 356.22 922 £
1152.53 4
229.09* 252
NNVLQTLEK 529.80 490.29 80.0 254
618.35 25.6
o« EEE T
1.1 11.20
1.0+ .
e 0.9+
S 8-
X 0.7
~ 0.6 1
0.5 ALPNFGEVSELLEGISR
= 0.4+
> 0.3
é 0.2 1 ‘
= 0.1+ |
0.0 -
0 2 4 6 8 10 12 14
i [ /min
1.04 10.41
£ 08-
X
~ 069 | EILWFDINTSGNER
P
= 0.4 \
B |
L“T 0.2+ ‘\
|
0~0 T T T T T ‘ T 1
0 2 4 6 8 10 12 14
[} []/min
4.4 7.95
__ 4.0+ ‘
2 3.64
=324
X 2.84
~ 244  NNVLQTLEK
2.0
w5 1.6+
3 1.2 ‘
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n
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Fig.2  Chromatograms of three characteristic peptides from pine nuts
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MTIREE, LA 2 MR B A N B e PERR B . TR TR0 TG
TSR PR E AL BT, AR E w8 T me/kg
2.5 mg/kg: EYCRHER T, RHE 8RS0
0.005 mg/mLA10.01 mg/mL. H Fiix T3 U A (1
FARIEE D, Lee’s™ LLALPNFGEVSELLEGISR A& &
Jok B 2 37 (I LC-MS/MS YR AS M - v f I SR o s, 3
HRA TR B HBR 10 mg/kg. T A 78 v 7 3 21 (1
NNVLQTLEK&E:, #itHBR (1 mg/kg) UCAZITIZERIT4>
o RIS U e R AR

#2 RS RAFMENRBEMZRYE R . B URE B (n=4)

A4 BOIKBAREHE S NbS I (n=6)

Table4  Recoveries of pine nut peptides from beverage (n = 6)

Jik B JnbE#E/ (mg/mL) [ali2/%  RSD/%

0.02 105.40 2.28

ALPNFGEVSELLEGISR 0.04 103.00 2.10

0.2 87.42 2.23

0.02 93.90 3.54

LEILWFDINTSGNER 0.04 100.45 2.32

0.2 92.09 2.14

0.01 108.20 4.10

NNVLQTLEK 0.02 106.50 1.79

0.1 101.38 4.89

Table2  Linear relationships, detection limits and quantification
limits of three characteristic peptides in pine nuts (n = 4)
Eni . op 2 A e
M o B I FooORER EER

050 B P=LISTIXI0N-260859X10° 099574  2mgkg  Smgkg

D02~

ALPNFGEVSELLEGISR Tl V=1503 15X 100524637017 099624 2mghkg  Smekg
001~50 UK Y=123940X 106X~ 107397X10° 099249 0005 mg/mL 0.01 mgfmL

BT T=17373X100-99620263 099562  2mgkg  Smghg
LEILWEDINTSGNER Tl Y=628966X 10— 104215490 099862 2mgky  Smykg
001~50 K Y=677363X 10171098382 0.99874 0005 mg/mL 001 mgfmL.

f— BT Y=3.999 12XU0XF1557 17107 09950 Imgkg  25mgke
NNVLQTLEK T Y=3.094 18X 10XH281300X10° 099539 Imgkg 2.5 mgkg

0005~50 Uk ¥=7.395 59X 10N+45834710° 099964 0,002 mg/mL 0005 mg/ml.

232 JnbmEIEREG A R

NEER T E G AR e, A B R
o AZ AR WA 2 AT Ib [ ST 2 FHS 85 BE Rl 5 o AR
TEYFT S T5 5 JIFAICRE3 Filas B 25 5 rp I B i 6 G
L3\ 4R, AEPRTEEBT A Y A AE88.50% ~ 107.57%
28], FAXHFRU#EIRZ (relative standard deviation,
RSD) H0.94%~4.21%; {£T5 7% J13E i i ) [a] i 3R 45
96.60%~104.57%2 i), RSDHN2.22%~6.08%; £k
L R B i R AE8T7.42% ~108.20% 2 |A], RSDTE
1.79%~4.89% 2 i), LiR&E SRR, 7k B AR Em
e A EE AT

#3 BIKBYE . BRI IR (n=6)
Table 3  Recoveries of pine nut peptides from spiked biscuit and

chocolate (n = 6)

e T} BT AR R

(mgkg)  [E%  RSDI% Ef%/%  RSDI%

10 05.73 257 9797 403

ALPNFGEVSELLEGISR 20 96.74 213 100.74 22

100 10132 094 10457 268

10 90.86 358 103.70 3

LEILWEFDINTSGNER 20 91.18 2.84 99.96 6.08

100 100,08 1.64 99.90 379

5 93.64 374 10455 418

NNVLQTLEK 10 10757 236 99.57 334

50 88.50 421 96.60 319

233 AN

RS — SR _EX B AR A it 2 it 51
HIERT, S iE £ i 2 T2 A T A T, X
7E K BINNVLQTLEK ) 2 5 RS b A7 Rl . 7 f Ik B
NNVLQTLEK 2% i R a3 s, 25 AR B UF 1 2
JR KN H89.77 %, X5 5 JJ KR AN N91.82%, REHE
HEJRRNN96.13%, 25 FI/NF100%, BT, 550
JI~ OB REAE K B AN (R R BE A . BTt
Ji BRATE TR 35K B T O o8 B DA RIMEE 28 0T 8

K: Y=528510X 10°X+4.143 75X 10" (R°=09850) ;
BET: Y=4.744 55X 10°X+3.949 23 X 10" (R*=0.9829) ;
558 77: Y=4.85286X 10°X+3401 84X 10" (R°=09893) ;
Yokl Y=5.08075X10°X+5.351 66X 10" (R°=0.984 1) .

3
:S\

Ey

- - GEF
£ o
feny Nve:="
= V7J(

0 10 20 30 40 50
AR S A%/ (mg/mL)

Fl3  JKBENNVLQTLEK /KM 5 A0 A% 11 RE S C ) i b of lh 2%
Fig.3  Standard curves of aqueous solution of peptide NNVLQTLEK and
blank matrices spiked with peptide NNVLQTLEK

2.4 SEBRAE SR AR,

NI T IE M E M, B 2k T 35 BE ALY K
TR BF TG g SRR A, R BT S 5 kxS
Hemm Bl EE, S RMESHR.
10 MRS R, A3 AN (Rl APET-7. DF
F-8 LA K DFF-9FE 5D BMbRE S AR, &
W RERFEM PR R ARy, SEEHEN
(0.0881+0.005) ~ (97.97240.455) g/kg. HART B
FHEM 6 DNYORHFE Al AT6 AT e I St T SR A B
RIbRER N “FIge S A RR" , HIFRE W RRRT &1
RIGFRE, Rl R B RSB R HIA . PR RE
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B 20T AN T R W A R HE B PR S8 AIE, RN 7T LA

BRI AR I BUR & R B S AR

#5 AR PR R

Table 5  Pine nut contents in commercially available samples
T it IR AE BARE A A B (glkg)

k-1 AR IR A ND
okk-2 ARE A IR R ND
Yokk-3 AIRE A IRR ND
YORl-4 AR IR A ND
Ykt-5 I SRl S ND
k-6 ARE A IR R ND
1558 )3-1 PRI S R R R ND
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