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Abstract: A method was establishediin this study to determine allergen of Antarctic krill based on high resolution mass spectrometry. The
protein of Euphausia superba is determined by Foline-Phenol and digested by sequence-grade trypsin. The allergens are identified by NCBI
protein database and computer retrieval, and validated'by using Skyline software combined with triple quadrupole mass spectrometry. Two main
kinds of allergens were detected from trpsin digested-peptides of Euphausia superba, from which tropomyosin and arginine kinase could be

identified. And the corresponding codes of identified peptides of protein allergens were 74 and 44 respectively. As compared with ELISA and

PCR, the method is more sensitive, accurate and easy to operate, which may provide a strategy to reduce allergens in foods.

Key words: Antarctic krill; allergens; UPLC-Q-TOF-MS; triple quadrupole mass

FRAEET (Buphausiasuperba), SR AR EE R
N RN R ) N AN SR
Iz A T IR, AER R ES RG] T+
SRR . MBI R BT E R, Hafhit
7E 6.5~10 {ZMi JAP, % A3 B Ot 600 /5
Yk EHA: 2018-06-01
EETH: ERERREESEITA (31330060); ERHFREERNE
R EREGTRITE (20161K204)
fE&EN: FTEE (1995-), &, L, WRAGE: ERNISRE
BIMEE: BHOH (1964-), 5B, L, R, A E: K LEEK*>
A IHEAR

222

Bl, 2k, HUUEVIRAERE, HE iR i
et R R, FEEmEE R, FEi
e NREENEVRIEEE, HAMEALHHT
RIS B Y GRAR & & 5E1% 50%
PLEY B 54 7 R AL TR, RIS AL
EPA Fil DHA ARRFEN 0-3 ARSI, 1o,
MR R B dn g aE e, BAPshiksFe s S oz
FIZEHMN S, Iukbisk, REBU)TITiE R 6
FESRIE, KT RMETIR, FEABERE A rE Al
SRR AR AR, o R AT S5

HEN 21 HAC DR, I B ) i 2k bk



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.9

H oSSBT TRt B4R F e sl),
BRI EFE 2.5%0 E N 6%~8%] JLEH
SRR, Horh 72 EAHETYA 100~125 4
DR £ o 3o BT BT T B ), R et B P A A
(WTO) TR B I\ 8 24 4 thE S EE K ] it
200 FEhE, WA 6% AT A ot
R AR S B IAEC A AR AR ZH R4 tH 1\ R SREL
b R L B B2, MRS I AR A
LA RSB, WS A E E L.
RN, H RIS IR FIIETESE, 1™ &
o] Bk T, HATE A R
Tk A IBE 72, Zhang 2RI ELISA V5T
T IS rh R VIR ER 1 AT, Li
AL THT PCR IUFZE R WIER R 1 (1 nd A
o XML E I BRI R A T — e A
e, (HE TR, BEEK™ MM TR RN
Ko TER—FEIIPUEAER, BRAERE R AR S
U B A TR -4

AT R (Q-TOF-MS) & —FhJk T w3
TR R ERE BB, SRR R AR
AT LA (P AT 0 A S e . RO A i
(UPLC) 5 HlmaufiAl ik (HPLC)AHLL, AE
BB, SR, RguEmiesE", HiiE
A=Y s sk, IRV T LA A
Ao A A2 i e OBk B A
B] R e FR. (UPLC-Q-TOF-MS) 7EE 4448 &)
M e A B, A s Ry A
o)z o = B VURRAT T R 2 v [ R R RN S T
W R S ER A T B T B ANHIE TR
FH 8 =R € v - R AT IR 5 vk B P A A =2 U
IG5 e AR Al s Hh it B A A, AR i R
T R PR U P — T bt T (SR ) 7 v

1 MRISHEA

L1 MBS OL&

FAARBAER 3798 RO AR s P i
HEAR (Ebih 18523 Uimg), Z:[E Promega A 4
e R, 2 Sigma AF]; kg LN, 3 E Fisher
ANF]; BUR 2%, 32 Sigma A F]; Folin-) 2.7k,
IR ZKERARAT: O ERE. JRE. KR
S BREREN. AN, T RN, KRR
A I3 3 1 3 e pr i 2 A AL A A BR A 7
Nexera X2 30A i = 30AH (i, HAREAA];
AB SCIEX Triple TOF® 5600 Jii i1, £[E AB SCIEX

A5 Triple QuadTM 5500 = B PUZLATR (Y, 2
AB SCIEX A#; MQS50001 4tk #4:, %£E
Millipore A 7]; AB135-S AUE# T 04T RF, it
Mettler-Toledo A w]; A1L 73 Hirit EEHL, 25 E IKA AF];
CR21G Il HiEA AL, HA CHTACHI 2 F];
JEE 0 UFC501008, 3£ [ Millipore A ] .

12 ik

121 E@iRARET R G $RI

PG A VR FE IR B IR LA B Z A AR . FREX
iKY 1.00 g, S 10.00 mic 8 EHZEGK (8 mol/L R
%, 50 mmol/L NH;HCO3), HEEE¥; 30-min, 4°C,
15000 r/min iR F5d 250 20 min, BX_E3E, 5 N
EEE S E,

1.2.2 Folin-B AN TR A xae=

Folin- FLit B AVBURR B 5:1 AT, 1R
FFEAEC (A s 10.00°g BRIREEMN; 2.00 g AL,
0.25 g A BRATENAT 500 mL 2408k BiR: 0.25¢g
FOKBRERA I T 100 mLZ&1AOKA), 20N f ik
WA PR 2. B 6 SR, 4 0. 200.
400, 600, 800+ 1000 uL mg/mL ] BSA &, F7%
TR E 212,00 mL. &I Folin-By H13 5.00 mL,
PB&), 125 CHE 10 min. &E I Folin-B) Z.3 0.50
mL, HGERES], 30 CiiE 30 min, LAZEMI/KAZTA,
7E 650 nm Kb Ll IR . A 5 8 2 IE by
HCH], BUREEDN 1.00 mL, 2358 SRR AR
10 f%. 100 f%. 1000 13 FIAE S o
1.2.3 M@ BaliA & A 3RIUR

¥ R E E R = A, BEE 100 pL |k
i, 2RI 2 pl 1 mol/L —FRIETHERE, 60 C4&At
FRR 1 he HU5.00 pi. 1 mol/L Bt Z. Wi (BED),
IIAZ EAE R =R R RN, B RN
1 h. >RH 10 K B3 ES.CVETE 15000 rimin B5.CyEETE 20
min J&, 200 i 50 mmol/L BRER S A e e
R, LRIk R AR RIRRR KT 1:50
IINZE _FRE AR, 37 CHEAR 16 h, [EFEEAEAIE .
T FH B 2500 15000 r/min 25.CofE3E 20 min, YR
JE KB
1.2.4 ESREEET P i HUR 694 B FoAe )

S I AT G £ N I Gl O [T i
(UPLC-QTOF-MS) 5 g H i i w fr et i Ji 43 B85 A
Mo AR O BEF R BE S5 AF IS AE: 224818 AdvanceBio
Peptide Map column (150 mm>2.10 mm, 130 A, 2.70
pm): Hi: 40 C. WBIAHA: 0.10%HR-2E, it
BAH B: 0.10%H #Z-7K; JiiE: 0.25 mL/min; HEFfE:

223



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.9

30 uL; FFFEPRMTE]: 46.00 min; JRaHAHERE: 0~2.00
min ( 95%B ), 2.00~17.00 min ( 95%~80%B ) ,
27.00~37.00 min(85%~65%B) , 37.00~39.00 min
(65%~20%B ), 39.00~42.00 min (20%~95%B ),
42.00~46.00 min (95%B) . i 14714 7E H : 350~1500 u,
EE T RNER, R GS1: 35 psi, fHhin#s
GS2: 45 psi, AT E 35 psi, Wi% HiE 5500 eV, &
TURIESE: 500 °C, fRf&dE: 100V, filfifes: 10
eV, (S5mEBMHE: 2ed. HRGRHERE- =PI ZHF
i (HPLC-QQQ-MS), WiAH ik a5 i St
ZAHE UPLC-QTOF-MS; #1i: 40 °C, ¥iiE: 0.35
mL/min; HEFEE: 20 pbs dsAEEREE: 0~0.50 min,
5%B; 0.50~17.00 min, 5%~35%B; 17.00~17.50 min,
35%~95% B; 17.50~20.00 min, 95% B; 20.00~20.10
min, 95%~5% B; 20.10~25.00 min, 5% B. 1F& 14
3, WIS HL N 5500 V, ZFALSCN 35 psi, B TR
JEh 575 C. fiftf B AR FERE B 1 Skyline B Fok
etk, BRI 5.00 ms.

1.3 ¥4

FETHENREERIRBT T EE DR B B [ 0] b 5
i SRR B B wif ST, S\ Protein Pilot™ Software,
il NCBI 1) B B 1o i # 4% 2 ( NCBI-Euphausua
superba.fasta) AT H#ER & . Protein Pilot ¥ Z#ik
BUNN: 7% Paragon method; H{k: Trypsin:
{X#&: TripleTOF 5600; #)##: None; 1D Focus:Amino
acid Subtitutions , Biological .modifications ; “Search
Effort: Thorough 1D; A9 & r3 )5 {5 ( Unused
Protscore (conf)): >0:05% (10.00%); #RATAERAI
. (False Discovery rate analysis, FDR)- 34k 15

2 ZR5HR

2.1 BRI R R & A e IE
211 AR

071 ¥=3.0286x-0.0075
0.6 R=0.9993
0.5
0.4}
0.3}
0.2}
0.1
0.0

0D650

Odoo 005 010 015 020 025 030
WRIE / (mg/ml)
E1 EEaEin kb
Fig.1 Standard curve of Protein content

224

PLEE A& RO ARER, 650 nm ARWR G E AL
b, MERIATTREA: y=3.0286x-0.0075 (R*=0.9993),
AR HE I 2R a0 1 R
212 HMBHTRRARTEOLSEIHE

N T HERI 2 FE AR B PR OR  EE B, A
I EREAE LRGP, BRUR A T FRE 100 A5 HIHE
m (FBE—ERERRZE, AW KN, BHEHiRED
D, A3 650 nm LRI IEIE )y 0.718, BT RdEHL
WEHSEH 24 mg/mL.

2.2 R A B R BUR R & B T A T A

4 UPLC-Q-TOF-MS 4#f

1.0E+08 |
8.0E+07 |
2,
o
5 60E07F
g
£ 4.0E+07} ‘ ’Wm M |
2.0E+07 pmm i
0.0E+00 L L . L
0 10 20 30 40

Retention Time / min

El2 FatRBATERE CEERERE =8I UPLC-Q-TOF-MS KRN S
FREEE
Fig.2 Representative total ion current (T1C) chromatogram of
UPLC-Q-TOF-MS of trpsin digested peptides of Antarctic krill
bk 1.2.4 TR Cun K5 o R s AR 1ok
WM R A P D A ARV R e B IR i AL
2,

HFE 2 Al WL, i UPLC-QTOF X Fa Al 25 [
SERCBUBR R BB Pt AT o R, AR 2 A3
Pl OAR, RIEIRBE, Bl KR RAF, WGEIH
IMEAT o

23 EREIT T RUR K E BB ST

PR R 2 BB AR =422 UPLC-Q-TOF-MS
R IR TE ProteinPilot 2 1FH1 F NCBI e AT 25
I AT

1E 5% I BT, FatRBRIREHA =Y h I e
B 222 S 2K, XRLEE AR 28 Fl, R LAIZET
YE SRR MR OIS EAHNIKBEH . HoAp R
JVLEREE AR SRR TG A R AR o B s DL P it
Jii, KRR BRE S R T4 T 44, R 2 B TR
AR AT H 3G o = i B X (14 987 558 5 Bt v 1Y) 6 2%
JKEL .



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.9

1 PRI LS EN T EEORKEHE
Table 1 Primary protein and peptide amount of Antarctic krill
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Table 2 Allergens of Antarctic krilland representative peptides
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Table 3 The declustering potential and collision energy values of representative peptide of Antarctic krill predicted by Skyline

FHFmz  FEFmz  REHE RAHERKEL AT RERE
644.01 1002.55 5.00 peptidesl. LQTLENDLDQVSEALLK +3y9.light 78.10 32.60
644.01 887.52 5.00 peptidesl. LQTLENDLDQVSEALLK +3y8.light 78.10 32.60
644.01 759.46 5.00 peptidesl. LQTLENDLDQVSEALLK +3y7.light 78.10 32.60
644.01 660.39 5.00 peptidesl.LQTLENDLDQVSEALLK.+3y6.light 78.10 32.60
644.01 815.38 5.00 peptidesl. LQTLENDLDQVSEALLK .+3b7.light 78.10 32.60
703.87 1122.59 5.00 peptides2. GNINEGVPVHSVR.+2y10.light 82.40 34.20
703.87 1007.56 5.00 peptides2. GNINEGVPVHSVR.+2y9.light 82.40 34.20
703.87 361.22 5.00 peptides2. GNINEGVPVHSVR.+2y3.light 82.40 34.20
703.87 285.16 5.00 peptides2. GNINEGVPVHSVR.+2b3.light 82.40 34.20
703.87 400.18 5.00 peptides2. GNINEGVPVHSVR.+2b4.light 82.40 34.20
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