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mussen “5 O Ff g L & 6 A T DNA U
W AL 2 ¢ MIFRIE 650 bp ZRTE 1S X I A b
fitg W T B (Con T I T X4y = scta i, =
J& , BB XOTT & —Fi T COT DNA ZIE 5 751 1Y
P s v Z2 8 PCR 5k, I TR %) = S fa
FIBP, Li SR IR T 10 IR W AT 455
H AR K ST i #E AT = SCapy P R S . 4R,
DNA 20 Hr A& & IR T8 5 ke £ 38 38 34710
O3hT . B B - e R R s R R, RA 2 H
b A MR N R R R AR A BT 4y
B, AR — T ] 35 AR 7 ol 4 051 SRR A 3 4 )
I & R Yu SR 2 KON BLAE Y €3 e
iRt RZ VA [0 hieA e o R (I B UK W R [ K G PIN
7 8 (Oncorhynchus tshawytscha) , K 75 ¥F fif: F1
U B 2 ) ) W Ay TR 2R 25 S SR E miz
802.8 il m/z 834.8 I B fi 73 1 1 AF 2 ) B A i
Yo [EAE, & B & b B IR Ay,
TS - B AR /K A A T B AR A B R £
Py S 0 08 o3 A T Be 2 — )iz T R T
AU R AT LA O A AR G A
At I IR IR 3 BT . IR AL R 52 (Data de-
pendent acquisition, DDA) K # i Ik B2 ¥ 1] B
LR PRSI DC L, A5 2] 8 1 0 AR B ) e A
B BT RIS B R 7 s 1R AR

(Sequential window acquisition of all theoretical
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mass spectra, SWATH-MS) (1) & 43 B i 1% 25 (1 41
POl T BARREAR B RRIE IR B O A, AL TR
fiEBK B 19 22 e W Wil (Multiple reaction monitor-
ing, MRM )R8 (4 e 1 DU AR AT 50 385 Ik 4 25
M nl T BEORG i 0 7 M B AT, R A 4
A AT A RS B A BRI Qiu SRR T
5 #1252 11 B2 2% R MRM I 20 2 3 87 0 125, X
ERTE S YA B N S B T T Y, AR 9 FhK
YER X R bR S, BAGREH] T IX 73 2 B 5l
PrAEE A B RRE KBS . Fornal 25295 i /&5 43 H¥ it
AR B, I = DA B S i
BRIXrAG | WG RO & A S0 2 TR E KB Y
MRM 734 J53%

A5 B T v OB (% — DU AR R AT I
@] (Ultrahigh —performance liquid chromatography
quadrupole time—of—flight, UHPLC-Q/TOF) Jii i
R 25 28R €0 3 — H BB DU AR AT B3 (UHPLC-
tandem quadrupole mass spectrometry, UHPLC -
QqQ) MY FI BT 20 "=/ RR 41 7 4 B SR w2565 HE s
S T L R DR VG A e | R T ey R £
TER ) FPARAE IR B, £ 37 BT MRM R 451 73 B
itk

1 MRERE
1.1 #REIRH

KPGEREM (Salmo salar) . K5 {4 (On-
corhynchus keta) V4 F 7 5 &2 g T, BA &
Ik NGB B 4R S W 88 8 (Oncorhynchus
mykiss )W T 5y LA E g SF e FR A B . A A
mn B A OB A S

LC-MS & .G, 75 Merck 2 A ; LC-MS 2%
H iR, €[ Sigma 2~ Al AL 2 B % (Todoac-
etamide, TAA) F1 — & 7% B % (Dithiothreitol
DTT) , b 503830 5228wl 7™ i IR R FBR IR L B, 1=
PR WA AR A | WP SRR RS (LI
18 523 U/mg) , 3% [¥ Promega 23l ,
12 UFEHE&E

5600+ Triple® TOF DU % #T/ € 17 B} i) 5 3%
1%, 3 SCIEX 22 ) ;1290 Infinity #8 i M B AH (5
WA, & Agilent 24 H] ;5500 QqQ® = VU AT
AL, £ [E SCIEX 23 Al ;Nexera X2 30A i & /E

WA 151X, H 7% SHIMADZU A ®) ; A1l basic &
HAF S X, 5 [E IKA /A 7] ;Bio Spectrometer basic
KR B I E A, 2 E Eppendorf 24 H] ;CR 22G 11
AR B, H A HATACHI A

1.3 RKEH*

1.3.1  FESETALEE = SC R ST P AR R4
B WA TS UK . 2R BT ER IS % Wisniewski
LERTAN Zhang P57k 0 W2 g FES A 20 mL
HEHPRIE (8 mol/L JR Z A1 50 mmol/L i 2 &
By, EERY B0 W, B 400 wL LW T
g3 F Bt 10 ku K B 8 U8 250 & (Millipore, % /K
22,5 A 8 wL 1 mol/L DTT, F 60 CHi & J
N1 h, FREERERYE, A 40 pL 1 mol/L I-
AA ZIREE 1 h, 12 000xg B0 20 min J& , HTA
200 L 50 mmol/LL i iR % e ¥ W 25 -0 LA b e A 1
B, EE 3, FIA 200 WL B R S8 % AR
RS vhil, He SRS IR B L 1:50 N ,37 <C
THE# 16 h, 12 000xg 250> 20 min WL T KB
RIS

1.3.2  UHPLC-Q/TOF 43# a3 54 . (it Sy
Agilent Advance Bio Peptide Plus Cy;3 column
(150 mmx2.1 mm, 130 A, 2.7 wm); %A A
0.1%H R-7K , s Ml B 0.1% H R -2 I |, i %
0.25 mL/min, VMBS .0~2min,5%B;2~27 min,
5% ~20% B ;27 ~37 min,20% ~35% B;37 ~39 min,
35% ~80% B ;39 ~42 min,80% B;42~46 min,5%B.,
PERER 40 L, KR 40 °C,

DDA 73 #t 2% . DuoSpray™ & i , HL 15 55 1E
BT (ESI+) s W8 55 HL R 5500 V; i TOF Ji
7 FE (m/z FA486 98 [l :350~1 500 ; 78 F 4141 fi % 4%
8 2 AT FE (mi/z ) 334675 Fl :350~1 200, 55 ) B (B
150 cps; it K5 B B {E . 50 mDa; #f 72 7 R4 i
P b (m/z ) 1G]  100~1 5005 B R H 1 25
WM HT 20 DRk By 1 s R BUE R BT
BB FALSE T7 :413.7 kPa, 5l B # <,
JE 77 :344.75 kPa, A5 K 77 :241.33 kPa, B T i
& 525 °C, ff 5 HL 100V, T B 1 31 Rl 1 BE
Bl T e (miz) Bh 5785,

SWATH-MS 43 #7245 . HAR % 14060 ; J5 fif
LU [l - 350~1350; i RE i ) 8 . 15 V., #EAfE i .
30 pL, HAa s 1) 280445 DDA ik — 3 ik



236 %10

%%%é)ﬁ/ﬂkéﬂ?ﬁﬁiiﬁ#ﬁﬁ/ﬁﬂﬁ 275

FUE R RE T ARSI, S EZE S DDA X
LS

1.3.3 UHPLC-QqQ 73 #7 @i skfif. @ikth
Phenomenex Kinetex Cj;3 column (50 mmx2.1 mm,
100 A, 1.3 wm); sl A 0.1%H fR—/K , i sh #
B 0.1%H iR—Z N , i 0.35 mL/min, MRS
0~10 min, 10%~10.5%B ;10~10.5 min, 10.5%~45%
B;10.5~13 min,45% ~95% B;13 ~13.1 min,95% ~
10%B;13.1~15 min, 10%B, #:i .40 °C; #FFEE .
20 pL,

T A F WSS B TR OE B T RO B
K Jy =X MRM, 8§25 HL R 5 500V, B & 5 8 T
B 575 °C; FALSE Sy 413.7 kPa, B B n#V< s
344.75 kPa, <5 5 ) 241.33 kPa,

1.4 BIEEMERZESH
ProteinPilot™ # 4 (R4 5.0.1,AB Sciex) H T

B H Y E | HE B 8 2 “Salmoniformes”
# T NCBI ™% (https : //www.ncbi.nlm.nih.gov/) , &
& H %678 175 (F# T 2020 457 H 26 H ),
Peak View £ (Mi4< 2.1,AB Sciex) ] 7* SWATH-
MS %4 45 ffi H Venny 2.1 (https://bioinfogp.
cnb.csic.es/tools/venny/) #E4T Venn 43 #7 LA 3 F 8¢
fil- 2 1 5 Skyline K fF (RRAS 3.7.0) T #UI MRM
(IO

2 BR55H
21 EOREERBEEVREDNIGTIE

T UHPLC-Q/TOF R 4E (%) DDA %l i 17
BT 95% B A K LS F] 912 A~ A
Fi,13 615 kB, HTHH# SWATH-MS 43 #7 Jit
TR AR S SWATH-MS SRAEF [, KPG (|
R Th W £ T 0 0 s S R LR 1

F1 ZXEEFANEERMESREEER (95%EFEKT)

Table 1 Identification of proteins and peptides from salmon samples (Confidence 95%)
e o 4 Fa 4 A& % k4B TR 4
1 PNRERE Y A 11808 71093
2 Ko b 8 687 57 142
¥ 44 8306 56316
ARG BB (P& 1), V8 o i £ A A 8 RE ke ARIHE

FVRFIEE A5 395 A4, K5I AR AR 45 5E BRI
BT 269 A, WL g A A B 0E B AR AR 8 B
218 14~

KM Peakview B F X5 SWATH-MS H 4 #E 17
AR 78 A MR HE SWATH-MS A G4 AF 8 1 5
AY = 4 B 42 I F i (Extraction ion  chro-
matograms, XIC) &l F1 € & Z 4 | 58 B o B & 3 it
T T A2 S g )RR B R WA i 3 ) ) A
FEAE KB
2.2 YTEERKERIE

et 00 20 Wi 16 15 3] (9 W) R RRAE IR B, 75 NCBI
W0 32t >R FH Blastp A6 28 347 90 AR S P 1000 55000 T
E B 5 251 1Y W AR RRAE AR B = B2 2 1Y 91 1009% DL
T X 07 4 ol EL A i — P A Sy S B R S P O 32 A0
W) 75 3] 28 16 K PG I e f0 RRAE AR B 18 2%, R G
R IR B 5 4%, 0 B f0 R AR KB 10 2%, 1F 40 UL
2,

LK
B1 =XeaFAEaREEERFRAE
Fig.1 Venn diagram of protein identification results

of salmon samples

2.3 MRM AiE#&ar
K HH skyline B4 1500 1 34 0 06 R 15 1) £ ik
YR ERAE BR B MRM A5 %0 251X, 3 F UHPLC—
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Table 2 Information about alternative peptides

5 KB Fak Gl5
PNRRE S )
1 VDINEVGPLALAR 211929076273
2 VEEVDAMDAGK gil213515556
3 IHSEILVATLFK
4 YIIESVGNIR gil929275161
5 IVEAPGPPEVVK
6 EFDDLPSFELQSDAVR 211929274646
7 AAAPAPAPEPEVVAAPPPLDLSTVK 211213514656
8 VLNNMEIGNSLYDDEGAK 211929235375
9 VNFMANIPALDLSGDQAMLMEMLKK 1929123804
10 TGDWFNILEHYAR 2il213511568
11 EEEVEDVLSNILR 211929094737
12 VPFIVGSPDDVNEFLDFVKK ¢il213510876
13 GDVVSILLELQAK ¢il431610
14 MIVEDSSLNHEYLPILGLPELR 211929069360
15 LITHVLVGEPVGSR ¢il213510970
16 LFAEHPETLTLFPK gil221221136
17 INIQDEILSLAGPHSIIGR ¢il57908856
18 EQFLVSLPDGSEIHFPNR 21303660111
RGoh &
1 AHVSEAVANSVR ¢il1695879275
2 VGGGTATLTLPLLAK 2111695910459
3 LMLGETNPADSQPGSIR ¢il1695931074
4 SHGLQEVYFDSNSWK gil296040357
5 ISDIDVDLYTEDHGVWVK
dr 68 &

1 PAEASGSAFSADQIEDFK ¢il1211381006
2 VLAPVVDVLLDIPTYLEVPDFQR ¢il1211412383
3 ATDFVVSKPGTFK il642108671
4 DAAPAVAGAPGAPISVK ¢il1211256714
5 SAGEIEEYQR
6 ALDPAVLAVLR ¢il1211241119
7 ALANNTTLTEIK ¢il1211338078
8 LVAESAELVK 2195931876
9 MLTLTGPDSIIGR 2il642045063
10 RESVFAIQYNIR ¢il1211283706

QqQ BTG ST Tk, AL BB BE VR IR e U e A B SO i A ol 8 DRV A i £ ) e AR R
AU R 5 A G IKBE MRM SR AET7 i i e ARl d8E KRB 10 2% R S Wy AR AR Ik B 2 2% i i £y
RESE fiff 2R A i RO B IF ] FARDEAL S BA R L AR R KB 3 2%, S W0 Rh Rk Ik Be 41 MRM 42
3, FETWNGREE AR OIG I R BE TR 2 K 3 K 4 R,
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Table 3 Analysis results and MRM parameters of marker peptides of salmon species
%
‘ WRRF BARF 0 mR mm O
5 RR B (2 2 4 A ) % w1/
(mlz) (mlz) - wE/V fE/V )
(A min
1 VEEVDAMDAGK ( K ¥ ¥ £ & ) 582.266 935.4 ¥9 73.6 298 275
806.4 V8
707.3 V7
2 YIIESVGNIR (R % & & & ) 582.325 887.5 v8 73.6 298  4.83
7744 v7
645.4 y6
3 IVEAPGPPEVVK (X 78 & 6t & ) 617.856 822.5 y8 762  31.1 3.71
725.4 V7
668.4 y6
4 EFDDLPSFELQSDAVR (K % i 6£ & ) 934.439 1248.6 yll 99.2 425 6.44
1151.6 10
1064.5 ¥9
5 AAAPAPAPEPEVVAAPPPLDLSTVK( X /8 # % & ) 803.441 1 066.6 y10 89.7 41.3 5.81
969.6 v9
872.5 y8
6 VLNNMEIGNSLYDDEGAK ( X ¥ # 8¢ & ) 991.462 1168.5 yll 103.4 445 5.11
11115 y10
997.4 ¥9
7 TGDWEFNILEHYAR (X 78 & &t & ) 541.263 901.5 y7 70.6 27 7.50
788.4 y6
675.3 v5
8 EEEVEDVLSNILR ( Xk 78 & 6t & ) 772.894 1 058.6 ¥9 87.5 36.7  7.81
929.5 ¥8
814.5 y7
9 LITHVLVGEPVGSR (K & & &+ & ) 492.956 962.6 h9 67.1 244 417
833.5 b8
701.3 y7
10 LFAEHPETLTLFPK ( X % # & & ) 548.299 1045.6 y9 71.1 27.4 6.09
765.4 y13
691.9 y12
11 AHVSEAVANSVR( X Bos &) 620.326 1031.5 y10 76.3 31.2 2.04
932.5 v9
845.4 v8
12 VGGGTATLTLPLLAK (X & &) 706.430 969.6 y9 82.6 343 6.74
868.6 y8
755.5 V7
13 ATDFVVSKPGTFK (245 ) 466.254 863.5 v8 65.1 23 3.87
764.4 v7
549.3 v5
14 DAAPAVAGAPGAPISVK (#z 4§ ) 746.412 967.6 yll1 85.5 35.7 3.84
8965  y10
768.5 v8
15 SAGEIEEYQR (#r % ) 591.275 1023.5 v 742 30.1 2.52
837.4 v6
724.3 y5

TE 3 B A 352 50 ms,
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Traceability Analysis of Salmon Species Based on Proteomics/ Peptidomics Analysis

Jiang Bingxue', Zhang Xiaomei’, Ding Mao?, Wang Ping’, Zhang Hongwei®, Chen Guidong"
(‘College of Food Science and Engineering, Ocean University of China, Qingdao 266003, Shandong
*Technology Center of Qingdao Customs District, Qingdao 266114, Shandong

*Qingdao Customs Risk Prevention and Control Bureaw, Qingdao 266114, Shandong)
Abstract Different salmons are from relative species and very similar in appearance. The aim of this study was to es-
tablish a species traceability method for Atlantic salmon, chum salmon and rainbow trout. A total of 912 proteins were i-
dentified at 95% confidence level based on mass spectrometry shotgun proteomics. Potential peptide biomarkers derived
from different salmon unique proteins were assessed by detection specificity as well as species uniqueness, and the quali-
fied ones were further validated by multiple reaction monitoring (MRM) based peptidomics, resulting in 10 species—spe-
cific peptides for Atlantic salmon, 2 species—specific peptides for chum salmon and 3 species—specific peptides for rain-
bow trout. The results demonstrated that the proposed approach is simple, accurate, reliable, specific and robust, and
can be effectively used for the identification and analysis of commercial salmon products in routine analytical laboratories.
Keywords Salmo salar; Oncorhynchus keta; Oncorhynchus mykiss; marker peptides; mass spectra; proteomics; species

identification



