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il L R e 3 SRR IR S, BB T 4 el i W R O v
BT 22 S e, SRR, WRBBRFMZEHBA
95 Bl RS 22 TR R, RERE N T i
KA 25 PN AR ACRR XS A SRS R 55 B
il 2E 25 R A, AR T 2 A S R
f e A ) L R AL . BT B IRA Iz
[P R, P S ) oA TSR AR D v L BRCA S
P Th PR RGIE 7 S HEHE T 6 AL EEAT DNA K
W 5y 05 i, e R & AR AT 5 A i
S, R OB R T B R A R S0, SR, B
i DNA B S 2%, N2z 4 AR 1) v RAREE
15 FH A 388 J7 3 R 4 e Wy R EL A R AR R SR
7 77 A AR B A 48 SR IR, fh 120 3 03 X 4
[F] — e Jeg > 5 A A [ 72 i, XS PR RIXS 2R 2R AR
A A BRI R SR T T S AR IR 1R
(18 225 SRABOGE LY o A SCR FH 9 378 VR €2 33 — DU AR AT
I TE B 0 0 I 3% (nLC—QE) 43 H7 A F A AL
B i SR BSCHE 78 SR 4R 455X (DDA 43 By 1 6
PR HP ) R S T R B S 5 PR R 1, X A [ 4
B T R AR R B S O, I AR R A K 2 5
PR T DA v S R 1, R PR 2B A T
PROEHE AR S HE

1 MB57R®
1.1 #R5iRHF

B T B R 2R TR XS TR TS PR A T Y
bR T S0 M I AN A S, 2 R ML T
B PALIE T 24317, A 4 LR T 100%44
PR A s o

FiE R NG P EE 4K Fisher 23 A& 5 LAt &
e R (TAA) (DU Y 2 R AR 1 I BT 2 P R L (35 40
1E O BE L B 75 4 B (DDT) , Sigma—Aldrich 23 7 5
SR R S (Tris) R BRIR AR 10T R
F % DisE i G250 Bk R &l Bk , = 3 I AR L
Bt (Tris) , 2B TAEY) TR (L) A RAE S0
WM — S B A 0 WRERIR UK SR VK
LR, ToR O I o e ; otk (HpfH
=182 MQ-cm) , 2805 Hfil,
12 UFERIEE

EASY -nLC 1200 44 7} 9% W A £2 4% .Q Exac-
tive VU AR FT- 1 1 B 55 29 B 5 15 42 (QE) , Thermo 23

H);JY3002 HL K7 M RE SR 2 AU A R
F) s DZF-6050 7 FL.25 TR 4R, JL T TAEALER A
B 57 A1 | s ZX4 el 4R % 4%, B KA VELP 2>
A)IKA T25 @& sy g) 4 Bpl , IKA 24 7] T1901 £4h
A OGO EE T, st b i A A R T AT
/N ; Direct—Q5 H4li /KB, 35 [ 2% BRI AT FR 2 7
SIGMA 2-16P = # B 0L, VU S 347 FR 23 A 5 Sei-
entz—950F #8745 I 4 ML K3 WAL, T I 7 2 A Rk B
A RS A S HLB [ AHAE BUFE (3 m1/200 mg) , Waters
A,

1.3 REHE

1.3.1 B B R AR LIl SRS AR
REAM B E AT R A 1000 g, S5 8 5 A0 450
Wi E 20V 5 emxS emxS em B3I A VK
VIR E 5 °C, Pt B mA 3 Wk, # vk i
S R T AT JEURL LT B Y 15%, AP IE R BE TR
JEAE 10 CULF , InA L2500 80 ¢ RS 4 ¢ A 3
5o B 25 g SFROEL, Frbk 2 RCR A TE A2 TR
e, RS T H8 R BT HE 2.5 em ZEA AL,
FHHEEER A 35 CHBEKM b, ZETt
AL TR IR 80 °C, IR ALTE R AR A, By
B G B 15 CK R 15 min, BCA KFH-20
CHR, & .

1.3.2 EEHREU S SME R R R R LR
YIwE &0 0.5 g FEM A 2.5 mL 1IE 2 B¢, #7453
min, #HE 5 min, T 4 500 r/min &> 3 min, {4 F T
WEY) ., UL EALER 2 0 AR TOLTEY) . i
A 4 mL A [E] B HE O, BRI IRS) 30 s, 8 b 3
min, 7£ 4 °CF T 12 000 t/min &0 5 min, B I 1
Wk % S e ke B AR & &, T
4 CTFIRFEEM . AR5 M & A R BOR 32
AHLF 38, $2BGE 1.0.3 mol/L. KC1,0.15 mol/L
KH,PO,.0.15 mol/L. K,HPO,; $£HU& 2.6 mol/L JR
Z .1 mol/L Bk .50 mmol/L. Tris—HCI; $£ B 3.
0.1% —F LR .

1.3.3 HEAMMS KB4tk B 200 pL R A%
TR K PR AL R P A, NS 150 L B R A
(0.5 mol/L) ) 2 mL .00 H i iE 30 s, MIA 10
wL DTT % ¥ (500 mmol/L) , IR 21 5 # F 75 C/Kk
T AR B 30 min, DA WP 8 AR PE S R
RS EZER, B 150 mmol/L AL £ e %
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fifi 2 1 e B Ak e Ml 15 mmol/L, I Ak
N 30 min, KBS, B050 L A R AR PR (0.5
mg/L, Fl 30 mmol/L. NH,HCO; Ft ) #1 10 wL 541k
FEES W (0.1 mol/L) . 7. RPHF il i W 3 HE 1 min,
T 37 CORWE B 12 h, ] BEAE P INA 20 pl
AL kR, RS A& T2 15 min, A
K AR AR TN 1 mL, BU 1 mlL B 0 15
fb 9 HLB A, I 0.5 mL AR TR0 50 1%1 FF iR e
VRS B0 B TR IR IR AT DUE S A
a0 SR JE ] 2 mL AR O3 R 19100 HY IR K Uk /1N
. e B IKH 1 mL 20K IR AW (RFLLE 1:
1, % 0.1%H /R ) ¥ B &) 10 mL &5 .04, in A Bk
Ji 98I 5 /IR 230 10 min, {75 K BE 52 2 VR0 7
1 mLIRG VR E R VR 1 K, BEJS A5
VEBLWZE R TP, a3 o0 B i 42 ey
0.5 mL 1 KRG (R 3:97, %A 0.1%
R ) Z I, I 30 s, 33 0.22 pm A HLRJEME, I
HLEZI

1.3.4 o3 Kok o o A 0F Kl U Ik B 1
Easy-nL.C 1200 1 QE #17 LC-HRMS 437, Jik Bt
L 800 bar i JE J1 H 4% I # %] PepMap 100 C18
yBEAE E (250 mmx75 pm,2 wm), FF 300 nl/
min Ji ST VRN, WS AH A SR B4 0.1% H
R KW, i B AH B AR R385 0.19% 1 2 Fi 80%
CNETR AV W, B0 B VR IR P a3k 1 P, RE IR A
R 40 °C, B T IF N nano—Flex 441555 B 7R ;
PR EE T BHERIEN 20 kV; B T1%
Hi A R A 320 °C;RF-lens N 50% ;DDA R S #5
X, SIS HER 70 000, A BhHE 25 H A
(AGC) M 1x10°, fiz K A B [E] (IT) 24 100 ms, 43

F1 WARBEEESBEERRER

Table 1 Gradient elution program employed
for separation of peptides by nano LC
% & ML . .
— — - wshAa Al i AR B
#E 1/ 5 E 2/ #E 3/
. . . % %

min min min

0 0 0 98 2

2 2 2 28

40 70 100 68 32

53 83 113 63 37

57 87 117 0 100

60 90 120 0 100

L m/z 300~1 5005 203 & o #E il
17 500, #w KA ARE]A 80 ms, FIHTEFE N mAi
150~2 000, & B 7 4 1.6 u, H— L R fE i
(NCE) ¥4 28, WHEATy HCD, HZhHE i fH
(AGC) N 1x10°, %4 top N &N 20, Hi A2 8ud%
E NS

1.3.5 HEER R LG R EZ N E 3
U, 4 R DL B (b e i 22 7 R BUdis g it o
BroR M SPSS 17.0 Sk b A7 — 4k 05 200 #r, £ 5+
I K ) Duncan (X 15 ) & 56, ¥ 56 /K SF P<
0.05. JikBe DDA %o i MaxQuant HfF #E47 14
JE %5 5E K% UniProt _Bovine (14 7 876 759 4%
F1751) _Chicken (f17 709 277 X & FF51)
_Pig (1% 709 277 4 #HE F ¥4 ) . _Duck (£ &
842 876 s H 174 ) Hdla i, — i vh BE S 1
kiR 22 4 10 ppm , BTG I B B B R
£ .0.02 u, i 4 g 2 11§ (Trypsin) , 56 2 8], s
YIECH Ry 2 A4, 1 A A 2 e 202 0 e B4k (C
+57.02150 ) , 7] AZ i g AL A R Y SR AL (M, +
15.99492 u), MEELE R Pkt 4 Fh N 38 1R AE
BB, dAEFRIC 2 & Proteome Discoverer 2.4
(Thermo Scientific) #X /4 1 PWF_QE_Precur-
sor_Quan_and_ LFQ_SequestHT_Percolator 15 bt 8
& M CWF_Comprehensive_Enhanced ~ Annota-
tion_LFQ_and_ Precursor_Quan & fx 21 %% , K& &
fasta BUHE R SCHF | — 5T 1% F0 — 9 3% 1) 2 481
I+, Percolator 25 #5347 FDR {115 ,PSM ., KB .
AR B R A 1%, AEbRiC & B
Minora Feature Detector 4% y. i#F 17 0 3% 14 $1 HU ;
Feature Mapper 45 i 47 €8, 315 W F1 K B % 0 45 2
F VETC , 5 e I B I T X 5%, i K14 O B Ik 1] g 22
10 min, fie/MEME A 55 Precursor Tons Quan-
tifier 44 A HEAT 0 45 2L it , FH Unique+Razor JIK
BE B 5 S s AT E B . A IR T =
58 (top 3) AREBCHR 09 S RN B i i 5 = A SIM-
CA 13.0 ZE47 E I3 3 M (PCA) A1 — 4 1 52 fi £t
/N3 A 511 53 (02PLS-DA) .

2 HR5HMH
2.1 REGHXE B RIREEU R %2 0
B AT B XGPS PR 4 Fob 4l AR A 4
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A PR R SR A () 2 1 B B JBGR) , $R A 2 5 Fh s
PR IBOR , R 25 T i e e (o vk D e 2
SR E 1R,

PP T AT, 20 PR il ) B D0 SO Sy 2 B
W3, MR 2 IR, B TR BOR 1 A R
MR, XFEZERATRIE 2 PIMAT 280
PREZE, AT AR U 2R A AR 1 A BT8R SR R
4l A7 PR AU S S P A BRI S B BBOAE 2, T B B
W3 Wz, DS SN R] T4l R AR S b A R
BUCR, wT et 1 A AL T R v R o Y AR
PERRE K, JF Ho3z B H e 45 W52 a1 AN R 2
FTT A HR R, PR, J5 20 BRR R O 2 P2 sl
PRI PR LA 5 v A 2 T, L Ak 3 PR R
B R B ) 3.5 min FOEE A SR AL H2 B 3 min, 31X
55O HGE SCER[1 T 40 A 8 AR OO 1S TR
il i o B AR R oY A R — B
22 EARKMNASMEER

ol AR o R FH PR BRUZE o e 2 IRIE (1, T
fift it HLB #:, SR nLC-QE /& 43 3 % 1 43
BT, G FHGOR AR 38 73 85 R G0 R & 2.0 wm R}
HOE P NN S = o S Sl VR N = 1 A B o = )
FEN R 4% TR gt fa), e TEARMZE
JOR B 43 A 3 A TR 258 R VAR AN [ % O A 1] 43
00 AR A ) BT AR AT b, S A
FANFR 2 FiroR o ASTR) WA % M6 A B2 T Tl fie vk v 2
1 AITRE S KA 45 7 A7 I 2 5 ) (P<0.05) , 7 TR I
BB R 120 min B, %00 B9 8 1 R LL R R
IRBeE i 2, A [R5 B A B2 X A ] ol e ke 1 iy
FRAEIKEL H 5508 SE AN K AR5 2 57 1 i
P Y R R AE S A AR TR X TR TR (] 4 )
%5E 7 80 554,33 350,40 969,32 923 LML
JIK, o rp R B AR ) A8 AS ] 104 JIBE AR A AR ) 1) ik
B, KB faf 5O 2~7 , 3 26 Ik B AE 2R K By
S JEF 2 715,889,659,1 143 FhiE A, 5 X
HR [ 12)R FH 98 7+ 5 i A €00 13 — DU A 0L 3 B I i %
3 B S S B A B 1 RRCE AR X Oz e T SCk[13]
SR FH 8 o B8O £ 3% — AT R I 5 3 SR 4 1) 5
R RINE A AR m N s H
AN [ O A 5 T R S B 15 55 5 B 0 A D
SRR /N WA 2 s o 4R R BZ T iR E 1
FVEE BB, fh e o] A JEAR D e AR A 4 2

o R 2022 4F45 4 4]
77 OfBME  WERE  OREE
- 6'
¥ 5
‘b‘C
E]E{j- 4
9T g
g3
62_ b
1,
0

A A XA WPy gL

T« R ] — AR TS [/ 5 B R 22 53 5%, P<0.05

B REFIMARERFERRREIERAOZMN
Fig.1 Effects of extraction buffer on efficiency

of proteins from different samples

R2 TEBEERSBNAEOHBERBYHLEEIN
EOHMAKELR
Table 2 Identified protein numbers and peptide numbers
from meat protein hydrolysates separated

by different gradient elution

AAFE B E/min AR HEOK K FKRH
Lo 60 1352+43 4161314
90 2019 + 8 8361 +715
120 2294 +109" 11969 + 1733
+ A 60 643 + 83 2812 + 155
90 695 + 68 4265 + 368"
120 728 + 12° 4595 + 304"
A B 60 405 + 81° 2818 +110°
90 534 + 56 4997 + 670
120 546 + 25 5454 + 145"
5 60 834 + 15° 2 637 + 149°
90 902 + 53 3589 + 327
120 947 + 95 4216 + 582°

TE AR ) P AN ) 2 5010 14 2 P Bl IR BB b T 9 A [R) /N T
JA bR AR BAT 35 22 5 P<0.05,

BARY B E AR LR ST A 5, THTE
SRR
2.3 HFEMAIIFIE S %5

W 4 RPN B 120 min 6 v i T 42 00
SE S UEE ] MaxQuant #07F % 51 Bk B8 IS
W5 e 58 B (14 Ik Be 9E 4T UniProt 9 BLAST {8 %, 43
) R TR R PR R i AR AE KB, S5 anEk 3
Fi7R o
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Fig.2 Abundance distribution of meat marker peptides separated by different elution gradients
F 3 HEMRIER L4
Table 3 Source and characteristics of marker peptides
UniProt 8T mk B8 B
H AE R B &aRR . L o R
BET (1/ % /ppm) 8] /min
AAENTIVVVAGNK MakEassEkq C, A P16419 643.3592*(1.7)  20.0 % (Gallus
AATAQAGYTDK BV B B P07332 554.7858%*(0.9) 14.8 gallus)
AAPQFLTPLVDR Mk G 4% a C, ik & P16419 664.3721*(1.3)  33.1
AVNEMGEATTECR M Easska C, ki P16419 734.3138*(-6.0)  16.6
EGGALPAEVQTR MEEasEsEEq C, it A P16419 614.3206*(0.9) 18.9
GLEDQQVVVGDR MR EGLEEESE C, iz P16419 657.8366*(0.91) 21.8
LGFSEVEQVQMVVDGVK UBR B M A P00565 932.4797*(2.3) 415
LSVEALNSLEGEFK WUBR # B M AL P00565 768.401785*(-0.7) 39.1
LVVELSDPDLPLK M Eas%Ea C, HRiEd P16419 719.41416*(1.4)  35.6
NGQLLKPSTK Mk EassEq C, i A P16419 543.3193*(2.3) 9.9
NLTEEMAVLDETTAK LER R & Z 4, R CF BRI P13538 838.9242**(2.5)  41.1
NSVEIGADPK Mk G 4% E C, ik & P16419 515.2642*(2.1) 14.5




300 E N W 2022 4E55 4 W)
(3% 3)
— Py UniProt AET e REE R
ey (s Z/ppm) 1 /min

SFLEELLTTQCDR R E G %4 2, FRIEAR P02609 870.4353%(1.3) 41.6
SPWETEQVDETY VK LB & & A6BM71 855.8965%(1.5) 28.8
SSEGNVLQAFK M EGE6%8 C, ik A P16419 590.3039%(1.6) 25.8
VAGAALPCAPAVK M EGELHESG C, kA P16419 612.8421%(0.7) 22.2
VMIEMDGTENK B—ﬁf? BY Bl P07322 633.7894*(0.8) 22.1
VVDVPDPPQSVR MHKEGLELEESG C,hEA P16419 654.3513%(1.2) 229
VVERPGPPQAVR M EGE46%8 C, ik R P16419 652.8758%(-0.8) 14.6
ALEDQLSELK AL E a -1 Q9BE40 573.3061%(0.2) 28.8 “F (Bos
ALPAAAIEGPAYNR FAK FEG B-1 AOA1COEIX3  707.3779*(1.7) 26.6 taurus )
DLADEVALVDVMEDK L—-3UE% Bt S B A 4% P19858 831.4006*(-0.3) 46.5
DQLIQNLLK L-3UB% L 2B A 4% P19858 542.8217*(0) 34.5
EYEATLEECCAK HEG AOA140T897 653.3617%(1.3) 21.9
EYEATLEECCAK FEG AOA140T897 751.81146*(-0.1) 16.1
HPSDFGADAQAAMSK LT & & AOATKOFUF3 766.8435*(-1.3) 222
HPSDFGADAQAAMSK L& G AOATKOFUF3  774.8410%(0.80) 15.9
LIAPVAEEETR L-3UB8 BL 2.8 B 4% Q5E9B1 614.3326%(-0.1) 21.9
LYQGAGGPGAGGFGAQGPK 70 ku #AK £ &G 1A Q27975 845.4208%(-0.3) 24.1
NALAHALQSAR L& & -7 Q9BE39 576.3176*(0.3) 20.3
NALLQAEVEELR LR & 4% 15 FIMU39 692.8752%(-0.4) 36.1
SSGTSYPDVLK M & kR G B P00760 577.2904*(0.1) 23.2
VGGHAAEYGAEALER L EE a A P01966 765.3708%*(1.2) 22.1
YLEFISDAIIHVLHAK Ji0 = ] P02192 935.0171%(0) 46.0
GEPGPAGSVGPAGAVGPR [ AR a2 4 FISFA7 766.8944%(-1.1) 21.4 ¥ (Sus
IVDELTIAESNCPR VI &g R o3 4% QIT7A4 808.9011%(-0.4) 30.6 scrofa)
TSENAVVVVAGNK Lk 4 &% 8 C2 FIRH20 644.3438%(-2.3) 21.4
VGGQAGAHGAEALER haEE a B P01965 711.8578*(-1.5) 15.1
TSGGAGGLGPLR L) %% & P02540 521.7866*(-0.7) 35.1
HFLEELLTTQCDR KmEG AOA4XITZM9  831.3991%*(1.2) 49.7
GHHEAELTPLAQSHATK L& G P02189 609.6440%(-0.6) 24.3
AGTPSVPELSSGLELLR L FHELsEa 3 AOA287BPK4 863.4748%*(-0.3) 82.6
AVEEVEAPPAAVPK LB & X6 A AOA480SN35  703.8814%*(0.4) 37.2
AITQDLPGLLGSLGLGK HAHRGCLEMBES AOA4X1VRP4  826.9836*(0.5) 95.8
SGEGKPEGAGELDFSGLLK K HmEG AOA4X1VUZ8 945.9793*(1.3) 49.5
SALAHAVQSSR LER & 8 -1 QI9TV6l1 563.8028%(0.7) 25.6
YGVSPPLVSADVVAK LB B & ROK6C9 751.4167*(3.9) 27.6 V8
VNVADCGAEALAR LR B B bI-S P02115 673.3301%(0.3) 24.6 (Anatinae)
VIILDKPGPPVGPIR LER & & ROK6C9 524.3275%(0.4) 27.7
VAGHQEEFGSEALQR & E a-D & P07035 829.4001%(0.9) 19.7
TYFPHFDLSHGSGQIK R4 EE a-D LA P07035 917.4496*(1.2) 29.1
DILVAPEIDLDVALR LB B & ROK6C9 826.4669%(-0.1) 453
LADNLDTLGAAAAK H A5 &G A-1 042296 672.3619%(-0.8) 22.6




%00 % 4 4 W SEARITE G U kAR R AL B RIS A 301
(5% 3)
J AR Ry UniProt FEF e REE R
BRT (1% Z /ppm) 18] /min

TYFPHFDLHPGSEQVR R4 FE a-D Lk P07035 965.4663%(1.3) 68.4
KVAAALVEAVNHIDDIAGAISK #2417 & a—-A Ik P22740 1103.1160*(0.8) 33.4
VAAALVEAVNHIDDIAGAISK #24r%% & a—-A &% P22740 1039.0685*(-0.4) 93.2
VNVADCGAEALAR hitkéap Lk PO2115 644.8198%(1.9) 67.2
HGVTVLTQLGK ALLL B & U31J58 576.8409%(0.5) 38.1
FISLLDELQK HAEE G A-1 042296 603.3430%(0.7) 26.8
GIPQAAEYQAK H A5 &G A-1 042296 588.3069%(-0.8) 57.6
DATAQFEASAVGK HIEFZF G A-1 042296 653.8360%(1.6) 50.2
FMSAVAAVLAEK a-D-%&% @ AOAQU2VAM2 683.3583%*(0.3) 25.8
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Fig.6  Chromatography—mass spectrometry of porcine—specific peptides identified in beef meatball sample W1
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Fig.7 Chromatography—mass spectrometry of chicken—specific peptides identified in beef meatball sample W3
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Methods for Quantitative Identification of Meat Adulteration in Beef Meatballs
by Label-free Proteomics

Wang Zhonghe, Hu Wenmei, Lu Liaoyuan, Li Weibin, Li Xiaoting, Wu Jiajun, Wang Jun"
(College of Life Science and Food Technology, Hanshan Normal University, Chaozhou 521041, Guangdong)

Abstract In this paper, muscle tissues of pig, cow, chicken and duck were selected as research objects, and different
meat proteins were identified and quantified by data dependent acquisition mode of nano liquid chromatography—QE high
resolution mass spectrometry, and their application in identification of adulterated beef meatball was investigated. Results
showed that gradient elution parameters of nano LC significantly affected separation efficiency of peptides and identifica-
tion of proteins. A total of 80 554, 33350, 40969 and 32923 unique peptides belonging to 2715, 889, 659 and 1 143
proteins were identified from pig, cow, chicken and duck, respectively. 17, 15, 19 and 16 of marker peptides in pig,
cow, chicken and duck meat, mainly from myoglobin, myosin, albumin, apolipoproteins and hemoglobin, were identified
by comparison of basic local alignment search tool (BLAST) with UniProt database. In data—dependent acquisition mode,

32 of marker peptides from four different muscle tissues showed high signal intensities and good reproducibility, which
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indicated that these maker peptides were very suitable for identification of meat species and relative quantification of meat
proteins. Different protein buffers significantly affected content of protein and signal intensity of marker peptides (P<0.05),
while chromatographic separation gradients showed little effect on identification and signal intensity of marker peptides.
Label—free quantitative proteomics showed that contents of primary proteins were significantly different in beef meatballs
with different price (P <0.05), and 69.2% of beef meatballs contained pork or chicken, while duck meat was not de-
tected. Moreover, pure beel and adulterated beef meatballs were easily distinguished on the basis of two—dimensional or-
thogonal partial least squares discriminant analysis.

Keywords meat adulteration; marker peptides; high resolution mass spectrometry; data dependent acquisition



