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Abstract : In this paper,a method for the identification of functional peptides in donkey-hide gelatin by liquid chromatogra-
phy-high resolution mass spectrometry was established. In addition, the in vitro activity verification was carried out. After ste-
wing , trypsin hydrolysis and purification with C,3 SPE column, donkey-hide gelatin was detected by UPLC-Q-Exactive quadru-
pole-electrostatic field orbital trap high resolution mass spectrometer, and analyzed by MaxQuant software. The peptide seg-
ments were identified by BLAST sequence comparison on UniProt. The results showed that among 63 consensus peptides ob-
tained from three repeated analyses,there were 19 peptides with clear protein and species origin. According to the structure-
activity relationship of peptide activity,nine peptides that may be active were selected for antioxidant activity and anticoagu-
lant activity determination. The results showed that nine peptides all had different degrees of antioxidant activity , of which five
of them had anticoagulant activity. The method established in this paper is rapid and effective,and provides technical support
for revealing the relationship between the structure and activity of donkey-hide gelatin polypeptide.
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A BURINAER VC . 2 G iR #1 <8 — B AEY Ry o B 4l
(254 1) ; B4 K48 Ji ( Orion Corporation ) ;
ABTS \DPPH (|- 2 SR AE AL A BRA W) ) 5 Tris
(ETAY TRKRMNARAR) ; LN HIR . EEYY
34l (Thermo Fisher 28H]) 3 =@ LW (43 Hr4k,
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pelco AH]) o

1.2 L&KM

1.2.1 PR A] 422

Hlifk: 22 3k G 80 B A BT R B 1.
5 g, /m 20 £ F5 B K, 80 CAlifk 30 min, ¥
HEZER, B, 4 °C .18 000 rpm B> 5 min,
B 5 W I B AR A8 DR AR G 0, i 5 B 1K
#ME 30 mlL, 75 BT AR A

Tit i - B S S AR WY 30 mL & T/ NBERR T, 10%
NaOH 35 pH =7.5, 435I 5x10° U 2 14
ity 25 R AR - 15 A B T 40 COKIRMEME 4 h
J& , Bk 10 min KEHTE 4 C 18 000 rpm 5.0 10
min, B E R

il : Cig SPE AHARYH 3 mL FEE 3 mlL £
TOKIEAL, OB 3 mL A, ] 3 mL AR,
HI 3 ~4 K, R EOH 45 CRWEIE T, 3
mL 1% FIRIE R H, 1T 0.45 pm JERES, EALAF
. G Tips BN S 3 1 IR0
1.2.2 & Ae i ik e 41k

0,35 ZA'F : Hypersil GOLD UPLC C {4 (2. 1
x 100 mm,1.9 pm) ;#i:30 C;#3IHH:A:0. 1%
HER/K B I, VEMER B .0 ~ 50 min, ZfiE 10% —
90% ;50 ~55 min, Z 5 90% ;55 ~56 min, ZJF 90%
—10% ;56 ~ 60 min, Z i 10% ; i # :0. 3 mL/min;
HERERE 10 WL,

R 2% 1R FA A Full MS/dd-MS®, 4347 i
60 min, K5I 75 2 B, B AT L 100
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target ; le6 ,—2 Maximum IT;100 ms, Number of scan
ranges: 1, B A HEFE:40. 0 s — IR, MS? Activation
Type : HCD, Isolation window:0.4 m/z, % & /> ¥F
#.17 500 at m/z 200, Microscans: 1, — %% Maximum
IT:50 ms, filf & AE & : 30 eV, Underfill ratio: 0. 1% .
LI 25 15 U 2R i AR (SHE > 99.5% ),
B UH 40 A B (arb) BT 15 AL, IR
AT 0 A5 WIS L 3.2 KV filf 4 1t R
Tofs B2 Tl 42 BE 12 25% \35% \55% 5 T AN E I JE 320
C B TBEFEHBEFR N 60, i TR E 350 C,
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1 ARREAL TR AG Hh 22 Ik 51) 50 2%, A7 12 2 1E
D EC RN O 2 A o KA BT AR A B i
Rl B ) 22 I3 29 4%, Horp 6 2% DL JE 1) X 1o Ao
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LSSPATLNSR, YEVEINRR., NHQLTVTRGSQK 7l
YENELCLR, JiftRfjie 3t 5 7 8 MM H 1
PREEMLEEIL 1 FhEF IR 1 RhBEIGIE . TR
FEACBT LS E I T 7 A EE 1 RHEE ML AR 1 b
AR S

BT 52 r ey 2 B o 80% , il A T AL I
e, X IE 5 H B AR H R BT R G RS T AT
A XTI TIRE 22 A, B 1R BT AR
A IR BINA 25, Sl 23 8 B i il A
S A A B JR ARG ) B 22 B A 55— 7 T
B, A 0 AT AR ] e R 2 2 i 8 o ol A BT
JEE P AR i — 2P o0 il A B IR L 2 KR 5 TR AL
WML /N5 Jo, DTG K 528 TRt e St Ak
] 52 T e 1) S 3, B A BT

R EUTE: 3 REBRRE MR

Table 1  Three times enzymatic hydrolysis of active peptides of stewied donkey-hide gelatin
Fre 5]l HIA B YRR
No. Sequence Protein Organism
1 AALKTASDFISK Gelsolin Raitus norvegicus (rat)
2 LSSPATLNSR Cationic trypsin Canis lupus familiaris ( dog)
3 MPYNFCLPSLSCR Keratin, type 1 cuticular Hal Pan troglodytes ( chimpanzee)
4 NHQLTVTRGSQK Inter-alpha-trypsin inhibitor heavy chain H3 Bos taurus ( bovine)
5 QASSAVRDSGHR Filaggrin Homo sapiens (‘human)
6 TREEINELNRMIQR Keratin , type II cuticular 87 Mus musculus ( mouse)
7 YENELCLR Keratin, type I cytoskeletal 24 Homo sapiens
8 YEVEINRR Keratin, type 11 cytoskeletal 74 Homo sapiens
9 YQCLKGTGK Plasminogen Bos taurus
10 AKQDMARQLR Keratin, type 11 cuticular Hb4 Mus musculus
11 ANKGFLEEVR Prothrombin Bos taurus
12 IQHQDWTGGKEFKCK Uncharacterized protein Cervus elaphus hippelaphus ( European red deer)
13 TKFETEQALR Keratin, type 1 cytoskeletal 14 Gallus gallus ( chicken)
2.1.2 Eaf# At S REN], B R RCR LT 25 B AR

PRI A T O SR o R 1 g L 18 SR I g, AR
ST e P A 1 L A SRR - 1 SR
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T A 11 il P AR S 3 W R0 M AR AG I B T 63
AMREE, Horp 19 2 B WHR R F ORI, Wi 2 TR
T2 A A I 2 58 254, 12 5 HAT Wl
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WG R B 27 DI RE , 25 RAE N A AR

G Fy B Jie 22 ik EAE R AE 6 ~ 25 AR Z 1H]
K1 £ k& TTTIRQFTSSSSIKGSSGLGGGSSR, 17
TETF Rattus norvegicus . Pan troglodytes X4, % 5 4%
Tof B2 SRR F B0 T2 ORI ARy, fie e ) Ik B AT TEELNR
AAPSRR \PGQSPR 45, Z545 70 M7, [ A5 1 -5 i
it A Bl JE AR A
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Table 2 Three times enzymatic hydrolysis of active peptides by trypsin of donkey-hide gelatin

R 5 FF31 HEHR YRR

No. Sequence Protein Organism

1 AQYEEIANR Keratin, type II cytoskeletal 5 Pan troglodytes ( chimpanzee )
2 GFEVQVTELR Keratin, type 1 cytoskeletal 20 Mus musculus (' mouse)
3 GPCRPGGGR Keratin, type 1I cuticular Hb2 Homo sapiens (‘human)
4 LSSPATLNSR Cationic trypsin Canis lupus familiaris ( dog)
5 QHASQVLIRR Vitamin K-dependent protein S Bos taurus (bovine)
6 RYEVEINR Keratin, type II cytoskeletal 74 Homo sapiens

7 SHHEDRAGHGHSAESSR Filaggrin Homo sapiens

8 TTTIRQFTSSSSIKGSSGLGGGSSR Keratin, type 1 cytoskeletal 17 Rattus norvegicus (rat)
9 YEVEINRR Keratin, type II cytoskeletal 74 Homo sapiens

10 CTTPPPSSGPKYQCLK Plasminogen Bos taurus

11 DTDLDGFPDEKLR Cartilage oligomeric matrix protein Homo sapiens

12 GKDSQPWEQALGRFWDYLR Apolipoprotein E Bos taurus

13 TKFETEQALR Keratin, type 1 cytoskeletal 14 Gallus gallus ( chicken)
14 TYFPHFDLSHGSAQVK Hemoglobin subunit alpha-1/2 Ovis aries (sheep)
15 TYSLEPLFEAYISRLR Keratin, type II cytoskeletal 1 Bos mutus (wild yak)
16 VRLVRGPHR Uncharacterized protein Bos taurus

17 KTVESSLKTSITY Keratin, type II cytoskeletal 78 Homo sapiens

18 MDNPDTFYSLKYQIK Kininogen-1 Bos taurus

19 YQCLKGTGK Plasminogen Bos taurus
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Table 3  Peptide sequence analysis

= £
amino acid ratio( % )
QHASQVLIRR Vitamin K-dependent protein S Bos taurus (bovine) 10 40.00
CTTPPPSSGPKYQCLK Plasminogen Bos taurus 16 50.00
FAAFIDK - - 7 71.43
IAVGGFR - - 7 57.14
MDNPDTFYSLKYQIK Kininogen-1 Bos taurus 15 40.00
YQCLKGTGK Plasminogen Bos taurus 9 33.33
ANKGFLEEVR Prothrombin Bos taurus 10 40.00
LASYLDK - - 7 57.14
LYEEEIR - - 7 42.86
2.5 MRS RARIASME 1 SLIE 2.5.2 DPPH g Wy 2 iF ki
2.5.1 ABTS g dkFrkEn &SR, 9 45 IKBe ¥ B3 DPPH [ i 3L
H 2 AT0,9 SR RRB 4 AT ABTS H VSRR BRIGME, 76 0.5 ~ 2.5 mg/mL i [l P9 2 30 R 47 21

WL 7E0.5~2.5 mg/mL R, 2k TS
W RIS . ABTS [ ph 33 5 B 7 SV
V@ YQCLKGTGK | CTTPPPSSGPKYQCLK |, LYEEE-
IR, LASYLDK, MDNPDTFYSLKYQIK, ANKG-
FLEEVR | QHASQVLIRR |, FAAFIDK | TAVGGFR, H
% ik YQCLKGTGK (9 ABTS [ i 335 b /7 4
2.5 mg/mL K 82.41% +0.41% ,0.5 mg/mL B}

BRFCLZKT 50% ,

KEFR . HZMIEWASE RN 2.5 mg/mL f,DPPH H
H BE TG BRAE ) AR B/ MK Y2 YQCLKGTGK [ CTTP-
PPSSGPKYQCLK, QHASQVLIRR, TAVGGFR, LA-
SYLDK, MDNPDTFYSLKYQIK, FAAFIDK, ANKG-
FLEEVR .LYEEEIR, 1k YQCLKGTGK iy DP-
PH B i 3&EE S 1505 ,2. 5 mg/mL Bk 64.74% +
0.36% VIS (ICx ) /M T 0. 5 mg/mL, b
ZR LA 3,



Vol. 32

S i 45 - BATIBE 22 JUCH 18 20 B e e 2 R T M5 1353

70+

60

50 +

40

30

ABTS H H 3L bR %
ABTS free radical scavenging activity (%)

20+

PRy Pl At Rl ittt eottrtente (=T - B -aHAsavURR
804 b e 2 255 =2 E |

- - @--CTTPPPSSGPKYQCLK
— A\~ MDNPDTFYSLKYQIK
- W -vacLKGTeK
- 4P - ANKGFLEEVR
—<-—FAAFIDK
= P~ - 1AvGGFR

* - @ LasyLDK

2 —k-—LYEEEIR
- @ amm ve

&% Concentration (mg/mL)

2 ZEARBAMEXTERAEX ABTS B HEMEBEREEN

Fig. 2 Scavenging ability of peptides and positive control group to ABTS free radicals
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Fig. 3 Scavenging ability of peptides and positive control group to DPPH free radicals

2.5.3 #AaglkAnEn

GRS KAZREI R A B PR TE
PR, ELBE AR BT TS PR AE s . WRBE S 2.5 mg/
mL B R ) ER I R B 0 AR BI/IMERIOZ YQ-
CLKGTGK, CTTPPPSSGPKYQCLK., MDNPDTFYS-
LKYQIK . FAAFIDK, ANKGFLEEVR, £ Jik YO-
CLKGTGK {41 il v B2 (1C5o {8 ) 3£ /N T 0. 5 mg/
mL,2. 5 mg/mL I 525 B i 5L BR 35 ik 95. 62%
+0.20% . AR FRHEE B B R IE T IR B A
QHASQVLIRR . IAVGGFR . LASYLDK #1 LYEEEIR,
BARZERILE 4,
2.5.4 HEmIEE

SRS SR INF I PUGE 16 M | Bl A5 vk

JEETh w5 , o S5 i 00 o 355 P AR . MR 2.5 mgy/
mlL B, L% 1 K E /MK Y J: MDNPDTFYS-
LKYQIK, QHASQVLIRR , LYEEEIR , LASYLDK , CT-
TPPPSSGPKYQCLK, L [l 5. % jik MDNPDTFYS-
LKYOQIK {241 il % J& (1C5o {H) 2974 1.9 mg/mlL,
2.5 mg/mL B4 58 I35 55 3K 80. 78% +0.22%
AR POBE I P75 1 19 KB YQCLKGTGK
ANKGFLEEVR FAAFIDK # IAVGGFR,
2.6 ZREHSERSH

e 9 2% 22 JUCHR FL AT — 5 i BE R B SR A 36
P, 8 HE R BEZH B LB i R 45 R, DL AL fiE
J1 %5 38 19 )¥ 3 & YQCLKGTGK #l CTTPPPSSGP-
KYQCLK, JkBf CTTPPPSSGPKYQCLK Y C A 32
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G EA KPR EERR Leu (L) \Lys(K) , HXJ 3 2§
H i 3L 75 B e J1 5 9%, TAVGGFR,LASYLDK  LY-
EEEIR # N R 3 & i /K M 2 5L R 5 R Teu (L),
HBiK PR AR & f2 ik 3] 40.00% L I, R Z
BRAGHCAEAIE S N R i 22 255 18 1 28 B DA B 2 Bk
HEBK E IR (5 LA — R PR
P E i B9 2 Ik YQOCLKGTGK , CTTPPPSSGPKY(QCLK
& Uniprot | #4725 [ 5T Blast, g4 R UL IE 6, 1%
ZKAFAE T Plasminogen 2 281,289 268 ~ 284 i,

HAEYTEMEE R 4,

SR N, HAPUREMIEPER) 5 452 Ao il &
MDNPDTFYSLKYQIK ,QHASQVLIRR \LYEEEIR ,LA-
SYLDK F1 CTTPPPSSGPKYQCLK, % AJ REFIH: C i
VERE T 2 S BB BB K IR A O, AT
AT S50 R AR HUBE K1Y C-3ii TS b 55 7K 4
SR LR, Hptsmat R ER B R, B
MDNPDTFYSLKYQIK , LYEEEIR , LASYLDK #I CT-
TPPPSSGPKYQCLK 4 2% Z ik i /K 2 5L 2 5 1 1
409 L L %5 LU BH 6 REZH 75 2 A 25 340 — 2 7
UniProt 13t iX W 4% JIk Bt i 17 BLAST 48 %, W] 4l
MDNPDTFYSLKYQIK HA Py Jik fig 7% ¥4 17 97 715 45 2y
A&, QHASQVLIRR ELAT I ET 2 25 1 v i S5 D g
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&4 KRR MaxQuant TR
Table 4  Analysis results of peptides by MaxQuant

Fe3

Sequence

ESEETRS () AR AR

Proteins ID Position Protein Organism

YQCLKGTGK
CTTPPPSSGPKYQCLK

CON__P06868 281-289 Plasminogen Bos taurus

CON__P06868 268-284 Plasminogen Bos taurus

3 &g

10 20 30 40 50
MLPASPKMEH KAVVFLLLLF LKSGLGDLLD DY\NTQG ASL LSLSREKNLAG
60 70 80 100
RSVEDCAAKC EEETDFVCRA FQYHSKEQQC V'\'I\.L—\EN SKINT PVFRMRDVIL
110 120 130 140 150
YEKRIYLLEC KTGNGQTYRG TTAETKSGVT CQKWSATSPH VPKFSPEKFP
160 170 180 190 200
LAGLEENYCR NPDNDENGPW CYTTDPDKRY DYCDIPECED KCMHCSGENY
210 220 230 240 250
EGKIAKTMSG RDCQAWDSQS PHAHGY'IPSK FPNEKNLEKMNY CRNPDGEPRP
70 280

300
WCFTTDPQKR V\"EFCD]IPRFT TPPPSSGPKY QCLKGTGm GGTVAVTESG
10 320 330 330 350
HTCQRWSEQT P!—H{H:NRTPEI\ FPCKNLEENY CRNPNGEKAP WCYTTNSEVR
360 380 390
WEYCTIPSCE SSPLSTER_I\JD VPVPPEQTPV PQDCYHG\TGQ SYRGTSSTTI
410 420 430 5
TGRKCQSWSS MTPHRHLKTP ENYPNAGLTI\I l\"\ CRNPDADK SPWCYTTDPR
460 470 480 4900 500
VRWEFCNLKK CSETPEQVPA APQ APGVENP PEADCI\JIGTG KSYRGKEATT
510 540
VAGVPCQEWL AAQEPHQHS]:F TPET\TPQSGL ERNYCIL\TPDG DVNGPWCYTM
560 570 580 500 600
NPREPFDYCD VPQCESSFDC GKPKVEPKKC SGRIVGGCVS KPHSWPWQVS
610 620 630 640 650
LRRSSRHFCG GTLISPKWVL TAAHCLDNIL ALSFYKVILG AHNEKVREQS
680 690 700
VQEIPVSRLF REPSQADIAL LKLSRPAINT KEVIPACLPP PNYMVAARTE
710 720 730 740 750
CYITGWGETQ GTFGEGLLKE AHLPVIENKV CNRNEYLDGR VKPTELCAGH
760 770 780 790 800
LIGGTDSCQG DSGGPLVCFE KDKYILQGVT SWGLGCARPN KPGVYVRVSP
810

YVPWIEETMR RN

B 6 Plasminogen S EEEHEFE

Fig. 6 Amino acid alignment of plasminogen
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