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Abstract; Objective: This study focused on the identification and
activity analysis of antioxidant active peptides in walnut dregs

Protein was extracted from

kinds of

protein hydrolysates. Methods:

walnut meal by fractionation method, and five
proteolytic enzymes, including trypsin, papain, neutral protease,
alkaline protease and flavor protease, were used to hydrolyze the
proteins. The antioxidant activity of trypsin hydrolysate (TH),
papain hydrolysate (PH), dispase hydrolysate (DH), alcalase
hydrolysate (AH) and flavourzyme hydrolysate (FPH) were
evaluated and compared. The in vitro antioxidant activity of
different concentrations of AH was determined by the detection
indexes of DPPH free radical scavenging rate, ABTS free radical
scavenging rate and hydroxyl free radical scavenging rate. The
sequences of all peptides in AH were identified by LC-MS/MS
technology, and the potential antioxidant active peptides of
walnut were screened by PeptideRanker, BIOPEP-UWM
database and molecular docking tool AutoDock1.5.6, and the two
antioxidant active peptides were obtained. The above two peptides
were simulated with Keapl protein, and the antioxidant activity
of the two antioxidant peptides was analyzed by using the
zebrafish embryo oxidative damage model. Results: The optimal
scavenging rates of AH with better antioxidant activity among

the five enzymatic hydrolysates were (71.56£0.75) %, (60.63+
0.45) % and (98.63 + 0.06) %, respectively. LC-MS/MS was
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identified by computer analysis to obtain two active ALWPF and
PLRWPF peptides, both of which could bind to the active sites of
Keapl protein, with binding energies of —9.2 and —9.6 kJ/mol,
respectively. The safe concentrations of zebrafish embryos treated
with ALWPF and PLRWPF peptides ranged from 0~50 pg/mL
and 0 ~ 30 pg/mL, respectively. Conclusion: Two antioxidant
peptides were obtained from walnut meal, and the antioxidant
effects of them were verified by zebrafish embryo model. The
results of this study can provide a basis for the in-depth utilization
of walnut protein.

walnut protein; enzymatic hydrolysis process;

LC-MS/MS;
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BB A ) B MBS - XD-101 B, B REIT R AKGB e 22 A
B H]
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1.2.1 BEHCHIM A WAL EE  FRER— aF mm A AR R 42 R
H1:3 (g/mL)IIAEC B, Wil a2 h J5#E, 75
I Ry 2 e e FRER. R LRS-
N Z T BT R R A 45 B BIE A B RT RS
1.2.2 HZHcEE A NREC FRIEUN NG kA . 4% B L
1:+10 (g/mL) M A EBE 7K, ik TR 2 h
3 600 r/mingi.L> 30 min, EERAHEEH. WRRVE
FHOEHE L 1 s 10 (g/mL) A 5% NaCl %W, & IR 5 1
2 h,3 600 r/min B> 30 min. PR MERE A, WA
POREF R L 1 10 (g/mL) A 70 % 2 1, TR 1+
2 h,3 600 r/min &> 30 min, HHKE T 60 CKE T
HEOWELER AT RIMERA . q m R R UE T
R L 10 20 (g/mL) M 0.1 mol/L NaOH ¥ % » % IR
FEFE 2 h.3 600 r/min B0 30 min, FIERASEH. L
IR B W B B R A0, R B A R AR R A, B VE R A
pH 4.1, BR#E H pH 4.3, 4 HH pH 4.5,3 600 r/min &L
30 min, WARTLHE., ¥ LR EOVRESEH T Bl
BABPERE —74.7 C, B =175 2 Pa, FREMREE
=BG T —80 CHRA.
1.2.3 WMLZ M —-aEEERED BRI :
20 (g/mL)INAZ B FK KA 2 h, AFEAREE 34
ATiRAE . $&R 1 T A IR BE L pH | 0 o0 %) 4 1 T #E AT
i fE 3 h, 7E B A% o 2 B m A 0.2 mol/L NaOH 5§
0.1 mol/L HCI {f B ff W 19 pH 4f 26 2 35 7 B 5 1938 [
P ID BT ER A NaOH R, Tl A 25 o )5 o B B F
95 CKH K EEALBE 10 min, 5 B R R W 2 EE 5 H
5 pH ZH M, 10 000 r/min® L 20 min, 35 ®RE TG
BT —20 CokEh A,

1.2.4 KBEWE R pH-state 3, #% X (D IFE K
I .
DH:%XIOO%, @)
A
1 AEAEAEMHREEHE
Table 1 Reaction conditions of different proteases
it i 2% it e Wik BE / °C pH InEgE/(U-g b
B P £ 50 10.0 6 000
JBe TR 1t 37 7.0 6 000
U 2 1 Bt 50 6.5 6 000
AN H A 65 6.5 6 000
TR G 50 7.0 6 000

i REZRMERENEERNBREISREES N

DH — 7J(ﬁ¢r§:7%7
B—— 4 #E NaOH BY4EF, mL;

pH-pK
(X’NHz ﬂ‘Jﬁ#%fg ,a:W,pKa Tﬁﬂ‘j 7;
Ny NaOH /R YK mol /L
M, — R g
hoe— K fB E W %0, 7.35 mmol/g.
1.2.5  HUAEALTE I

(1) ABTS [ H k% Bk fig 1. Fx Bt ABTS [# &
200 mg,K,S; 0g34.4 mg /K E MG T 45 50 mL, B4k
WG 24 hofEN ABTS #hif. RS 959 & B4
—E WHNR A A 734 nm &b AW % B 4E R E 0.70 £
0.02,/F 4 ABTS I 72 W GREC B AD . 40 BB BOA [R] il
i 7= W) L AL 0.25 mg/mL B9 FFINTR . 76 B0 A oA
0.4 mL F 475 00 W A 3.6 mL ABTS M & W AE Jg A
4 A FRER MY FNRIE R E a4, TR
H AR L WG AL BRI 5 min, B AS 4L E L DI
734 nm OB . (2O ABTS A 3L BR R,

b Al

A,

=

P——ABTS AHEWRE, %0

A, ——ABTS" W 5 FE 53 R & 0 WO B

A — MW S ABTS™ VAR A W n oG .

(2) DPPH H M %75 B RE 77« 20 B BR BUAS [5] il £ 7= 40
BC il A% 2 me/mL PIFRFIE . 7EB.0 8 T mA 1 mL B
YN S 3 mL 50 pg/mL DPPH ¥ W (oK 2 B K %
F A NS4 s DPPH I 8 4 i G /K 20 B AR Ol % 1
AR R B R R B FOKERN S A R IRE Y
J& o o7 B0 T W5 AL B G R B 30 min, ZEP A 517 nm 4b,
Mg HW O, #3XG)IHE DPPH A HZEE K%,

P= X100% s (2)

P:(1—A*_A“)><1oo%, (3
Ay

Hrp

P—DPPH HH &R, %

A, —— IR 5 DPPH ¥ iR A R B9 WG B 5

A RN WS TG K 2V TR A R WO BE 5

Ay——DPPH ¥ 5 B &8 570 TR A 0 6 .

(3) ¥ A M LT BRAE I7 M 28 1 b 1o 55 & 0 T 4 A
BEATINE . BREOAS [R) i i 7 9 IC 1 A 1 mg/mL f F7
R, AE I L ST pH 7.5 B OIS — 0 R % o v R
WA AR WA Z R AV 50 pL. 1.5 mmol/L 4 3E %
Wk 50 p1..1.25 mmol/L CuSO, 50 p.,0.25 mmol/L $TIR
MR 20 pL Al pH 7.5 AP —BNAR 22 oA Wk 780 pL. &
A LA 30% H, 0,50 pL J& 37 BRSO R it o
s . W E KOG ek BE . B s D E R T D SN B ]
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50 min, & 0.1 s W GE — YR OGIRE 155 Y BL W] W (E0 ) 45
IR e SR, LR B TR 2 I R I T E
KGR BE IR IC R AR A A DT R A d 2
TR,

s Sk
=20 2WE v 100%, (€]

K,

P— R AHERE, X%

Sipy 25 VA OGO W 5

S FE G FEE I e {H

(4 BIR AL ST Wang 00 (26t Btk &
A ] i it 7= 400 B 46 0 0.5 mg/mL AR I . B 1 mL
R A 2.5 mL 0.2 mol/L B2 28 s (pH 6.6)
2.5 mL 1.0% K;[Fe(CN) 1L IRAWEFEET 50 Tk
7% 25 min, ST HIAIA 0.5 mL 10% = 48 & R ¥ W45 1E &2
R 410 000 r/min .0 5 min; B 2.5 mL 3% . 4> 510 A
2.5 mL 28 T /KM 0.5 mL FeCly, % & B 10 min,
KB FKMEE, T 700 nm T W@ BB MWOEE . Dkt
JE KN RN B TR T3 KN,

VL EIRI 5 L GSH AR 2 B X BR L % 3 AT
5,
1.2.6

LC-MS/MS i 43 #7

(1) Z2 KB Fh - TR 2 1 T A 7™ 0 08 T 0 e W (%
0.1% FAF1 2% ACN)Z J5 % % & M g 55 .0 & (0.5 mL,
10 kD), Y ZRES L 4 °C,12 000X g, B0 10 min;
VBB UE S5 VU Cos B A 0 A 0 5 b 3 P P Ok
WF 0.1% FA R 60% ACN) PEBEAE & . P8I W 55 =
BEP 8K VRIS 1 22 KRR S R AT B0 R 48 T

(2) LC-MS/MS 4387 : R 3R 5 2 INFE fh & 80 T 1%
FF T 100 pL Nano-LC W sh A AC0.1% R /) o
B EAE, PEATAE LR LC/MS 2007, 2 pl %I YRR |
FEZE Nano Viper Cp il (3 pm,10 nm) .20 pL ARk
R . RO 5> 7R A Easy nlC 1200 B 4% 7+ A &
G BE AR TOAE bR AR B S & AT BT A 4 B A AR
Ml Cys 2 AH 38 4 (Acclaim PepMap RSLC, 75 pm X
25 cm Cig»2 pm, 10 nm) .60 min P34 B(80% Z JiE »
0.1% MM 5% 5 = 38%. & M ThermoFisher Q
Exactive Uil RGL 45 & 94 7+ i % Nano Flex B ¥ ¥ 43 #r
BIEEMFI], W% IE N 1.9 kV, B 715 55 i 408
Hy 275 °C . Bk 7 X O E BRI R R 4 TAER AT
(data dependent analysis, DDA) , — 2% Jfi 3% 39 4 43 9 Kl
70 000, #94# J5 Fl 100 ~ 1 500 (m/z) . i K A A
100 ms, %K DDA ¥ F i £ R4E 20 MHfTEH AL ~
3T R R, TR RS B e K AR 50 ms,
flf i E BE R IR R 28 eV, iE A T BT A Wi R 5 F; sh A HE
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1.2.7  BUE AW PR R O i KL TR S
Wang %50 B 07 135 08 £ IKF 51142 58 & PeptideRanker $¢
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TP KT . T AR B 22 B 1% a3 R A R L HE B0 Y L
R i A0 EG b T s HL B A ) I B T R (A F O
51 ZED BT 1, R W B A Y B R R,
FEhlSRONEREE R 0.5. A R T 0.5 &Ky
FIRAE ] Excel Ak . K 1 3R 3000 A 25 9 06 o Ik 5 571
$#323] BIOPEP-UWM %47 & (https://biochemia. uwm.
edu.pl/biopep/start_biopep. php) H' # 17 Pt & 1L 1§ Pk 1
IR U DOl = Y rall = I e ol = o i
TE 1T 8 EL A PTG IE P A R B DL B AR AT T Y A
B R o F o B T2 N O 9T R LR BR 2 A
AR S A E Y R AutoDock 1.5.6 F X}
Keapl & i 4F Fif 17 2K & Keapl & FN 215
MBS 42 5 B N B vina A2 5 % 9 WK, I Hh X 4 6 AR
By /N4> 7 “pbdqt”#3 . 7E PyMol 2.3.0 il H 28k ik 5
Keapl & 45 4 6 = (1942 folt P L 40715 11 5 i F Discovery
Studio 4.5 Bz~ 45 & ¥R AL 1Y Bl S 80 ] LigPlot+ v 2.2.8
H 3D LR AL g 2D T R R A

1.2.8  BEDL A FRA NP AR & 7F 14 h/10 h /)
e/ BEAEER K HE A (28.040.5) C Y&/ T IR 88 5,
R 3K (8:00,12:00,17:00) MEAL i 72 FAEUR BN , 5 M
MELE 1+ 2 45 B I i pl A0 43 T ARG b BR AR AY 0 & i s
555 2 R A IR A, 38 3 o B R £ 7 R OB R . R
P H, O, 5 5 B fa I i A5 AL, 15 5 38 90 20 Fn s B 4
35 60 pg/L MG E W ECHI A 1,2,3,4,5 mmol/L
H., O, WA 60 pg/L 3T R AL 3 35 F 28.5 C 1 5%
bR BARE 6 N TAT, & 24 hid RIRIG A 5L
IR B LB 96 hs L 96 h I YL BRI .
1.2.9  ZHkEEE Y IR NPT R ARTE W E S RAR IS
AN s k., BB X IR AL R 60 pe/L U ERIA
W AR 2 ) 60 pg/L ME R I WOED 9 0.2, 2.0,
10.0,20.0,200.0 mg/mL [/l fift ¥ AL 3 ; T 28.5 C ¥ 5+
PR HARE 6 AN TAT. B 24 hid SRR A7 0 8K
IR L B SIS 96 h, WEIAI A H, O, 45 4
X HRZH 43 5 F 60 pg/L MR W ECHIAY 1 mL 40 mg/mL
BRI A 4 mmol/L H, O, (3t 2 mID IR A AL B ¥R JE R
2 mmol/L H, O, WAL B A 60 pg/L LK WAL B ; T
28.5 CIEFMPI 7 B E 6 ~F47. 4 24 hids
JH B A T B R 4R T E S MK 96 h,

1.2.10  BHRIRAR N BRI E X R BRI 4 22 Ak R AT
WL, 35 B AL AR 2 20 B 60 g/ L i 578 T

Hl Y 10,30,50,70,90 pg/mL 1A% Hk KA 60 pg/L
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TR P AL R 3 A TAT. 24 h R I SR BR A7
A
1.2.11  B#kREX H. O, i 5 8145 1Y 38 D 0 1R i 04 17 b
B 2 Ko &M W dkms i, S5 4 . H, O, #i
1 2 R B L AE SR A% Ak IR AR 4 b BB S fA IR BIG 24 h
Ja s A 60 pg/L ¥ 3R W RBC WA 10 Al 30 pg/mL
MK W B /Y H, O, 1 60 pg/L MG ERIE W F
28.5 CHi AP  BHRE 6 ~F47. & 24 hid#
JV R A T A IR 40 T S S AR 96 h.
1.2.12 G4 dr i SPSS 27.0 #4k #E47 G834 #r
B /N KT R 0.05 HEAT AT K 2% 5 BE TR R,
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B 25 KR
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KU, 1 TR, B R RS K R (33.74 £
0.21) % , R R Pl (9 7K A% B2 Ol (8.47 £0.30) U6, MUk & 1
it 14 K % B g (22,40 42 0.36) %, A JK Z& 14 BF 19 K fi
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2 1001
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Figure 2 Antioxidant capacity test of five enzymatic hydrolysates (n=9)
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1.05) % . Gu %0V 5@ i & M K i i Bk i A AR 8l £
Jik o 24 £ KR M R 0.5 mg/mL B, H ABTS B i 3 i
B3R (69.21+7.66) Y6 ; i il 56 H . 25 1 B /K A 4 0k vk
JEAL N 0.25 mg/mL, H ABTS 4 i 3 WEBREE# T Gu
EE ' SELEEI TN

2.2.2 DPPH HIEFKRAES WK 20 s, [l f# Y
XF DPPH [ 1 %k 19 75 Bk 282 55.32%6 ~73.82% , th & I
&% FPH, TH.PH.NPH 1 AH, FH %t GSH
BT BR %A (88.7140.29) % . 2R VRS 45 L F W,
BAkIKE DPPH B i BE bR R — @ W A W
O T, BB R E N 5 mg/mL B, HE BR 33k
75% . B L5 Rl R R W) 04 BB VR BE R 2 mg/mlL,
¥R &N DPPH A d 2B R,

2.2.3 BRAMIEWERESN WE 20 0xR,5 #E A
1Ol A A 1 EL A AR = 09 R B i BR T BR AR O, BRI
BN TG i 2548 4k, Horh ,FPH (% & 55 R AE 1 B 4
H(85.54 £ 1.48)%. PH X B GSH 1 % Bk &
(99.1241.39) %, 2 MEAE I FH B M 2R 1 K ik A Bk 2R
HAR B Z K, Y EG Y B W 1 mg/mL B, 2 A H
SEVEBR N 21,44 Y6 s TR 50 b, AH () B 4 R 2 A 4, L
AR IR O S E BRBE T, W] RE O 4 R A3 B R U X
B4 B4R R U0 A 1 R ST £, R O A AT

7 T L2 B A AT K
2.2.4 BBREGESH WK 2(D R, 5 R R Y

PRI AR R A S, PR S Re N
TH, WG H 0.1244£0.014, 11 FHPEXS FB GSH 19 WG 2
N 1.04640.003, 3 = T WG A 4 . AR BT o Bk 5 1 B
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