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HATHH. UAEHERN T HETRIGZ G HRA, KA DPPH A b KAk R4 AR 4647, B 50905 ik,
¥R E A g BRI FE KRR LY, P LA IT T AR A RSAT. RIN A A AEE R BR B A7 h) E
. MmN TL Bk ERAAANIKG RARBEME T LR VARE OB A KR, BRfERE 37 °C. pH7.0. BafE AT 1A
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Preparation of Antioxidant Peptides Derived from Nacre of Nanzhu
Shell and Their Inhibitory Activity against Tyrosinase

XU Jiaxin, LUO Zhe, HE An, HUANG Pantian, SHEN Jinpeng, GUO Junbin, MIAO Jianyin*

(College of Food Science, South China Agricultural University, Guangdong Provincial Key Laboratory of Nutraceuticals
and Functional Foods, Guangzhou 510642, China)

Abstract: The aim of this study was to prepare antioxidant peptides derived from nacre of Nanzhu shell, evaluate their
antioxidant and tyrosinase inhibitory activities, and analyze their amino acid components. Using the protein from nacre of
Nanzhu shell as raw material, DPPH free radical clearance rate as evaluation index, the optimal enzymatic hydrolysis
process was obtained by sieve enzyme, single factor and response surface experiments. The amino acid composition,
antioxidant and tyrosinase inhibitory activities of the enzymatic hydrolysis products were analyzed in vitro. The optimal
enzymatic hydrolysis of the nacre of Nanzhu shell source antioxidant peptide was as follows: Using trypsin as hydrolase,
hydrolysis temperature 37 °C, pH7.0, enzymolysis time 3 h, enzymolysis ratio 0.32%, the DPPH free radical scavenging
rate of the enzymolysis product was 76.34%+0.24%. The nacre antioxidant peptide prepared under these conditions had
excellent ABTS" free radical scavenging rate (IC5;=0.1735 mg/mL), DPPH free radical scavenging rate (IC;,=2.342 mg/
mL) and oxygen free radical scavenging ability (ORAC value=1124.86 umol TE/g lyophilized powder). In addition, nacre
antioxidant peptides could also inhibit tyrosinase activity by mixed reversible inhibition, and had good tyrosinase inhibitory
activity, the inhibitory rate of IC, value was 12.38 mg/mL. The results of this study indicate that nacre antioxidant peptides
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have a good application prospect in the field of food and cosmetics, and provide a theoretical basis for the high-value

utilization of shell nacre.

Key words: nacre; peptides; antioxidant activity; tyrosinase inhibitory activity; response surface analysis; amino acid

composition
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EERZ IR DB G B B AE o 32 B S Al i Y,
HAUEA AL S B TR EF D H 16 P s>, BERE
LHEERFTENR, BTG B AU LE B 53 Fis 4 o
IR RSB A PUA . bl . =2 m
TR PTge DL B AR AT D, 5 T i At
B RE, (HH FEERE—FNES S 5L, AR,
Ak, B2 B2 DI REIE P B EE A LA Rl it
FE NS ERIIIRE AW, TERRR A 1 [RIE, i fE
SEEL UL S EAR R

AWFFE AN BR DL 52 BR )2 TP S B B 1 o i
kL, SR H DPPH A i SLVE B3R T8 45, U0ILlff T
2, LAt s A4l A5 BB R Z U AR, Fixt
HFEAT T PR ULy o3BT, VAL T HBT s bR
ZAPRBEHN I TE . B2ERZPTELIRIIS A BT 1
S EALRH, B ERIZ 5T &R FHEE AT
S
1 MREREE
1.1 MRS

MERIFEEER)Z kA wduilgET; RREH
i (8<10° U/g) . PR NG (2x10° U/g) | Hdh: a8 H

fiff(2x10° U/g) . #EHEAMH(6x10° U/g) . B E A
(3000NF U/g) FlEE FH§(2500USP U/g)  ®THE
A TRRA MR w5 1,1- 2 35k 235 3L 28 P
(DPPH) | 2,2'"-H % 3L - XL - ( 3- £, FE 24 I~ 1L Al e - 6- i
i) —#ZER(ABTS) | 6-325E-2,5,7,8-PU A LA k5e-2- 3R
iR (Trolox) . OGN, L-BRENR HigE vabE b
B A A R F]; 2,2 A 5 T JE PRk T 3h iRk
(AAPH) %Gk A YR A RAF; S G
R |5 b T A RA T iga iRy g IRt
YRR AT
ME204 #IJ7 4y 2 —HF R MpRR#-FoR 2
I ES( i) AR F]; PHS-3D # pH i i =(F
T ERAZS R A BR A 73 RD-50DTZ HUATR 2K 2.0 4L
g SRRSO LA BRSNS Bl HH-6 AUfE IR K 174
H N BT A S 1 A PR F s FD-1 B R TR AIL
T 1T AR DUSRA AR il 35 AT FR 23 75 VersaMax Jlf
WASEARY . SpectraMax i3x LA ZTIREMFLIRK
K- 32 [E Molecular Devices 2y &) ; S433D U
4 [ SRS FEIE SyKam 2\ H] .
1.2 EWHE
1.2.1 BERZEHEANERI HREERIFZRERE
J&, FH 200 B ki, 152812 2k)28 . B2 ERIZ 8y
R 1(g) :3(mL) B EW LS 0.3 mol/L HEL RIS
RE, RS 12h5, 17 &ELARE (121 C,
20 min), fFFR A EFEIR)S, 4000 r/min &5.0> 10 min,
FELER, SRRIEEENZERZEN . B, [
EER)ZE IR 1(g) 1 S(mL) B LA 1% B
SEALANERL, 55 °C 7KW 3 h e, i8] s o
1235, HELMR S WO L E W pH JA 225 #0537, i
A 4 C UKFEFE 24 he HEESTZNEEREE AR
B LAFE 3 4000 r/min 5.0 10 min, Y TTHEHFT
BURT, AR 3R B2 ERZ2 8 A, s
JERLE 20 °C RRRELscs i
1.2.2 BIREPUEALIRI 25
1.2.2.1 B IHLE AR 45 BE &5 1 B (pH.S, 1R
37 °C) . AJRE AEFE(pHG, #8E 55 °C) | HPrEE
(pH6.5, I 55 °C) | BEMEE ARG (pHO, 1R 55 C) .
PSR B (pH7, 15 55 °C), BE AR (pH2, 1R)E
45 °C) P i B 6 40F, ST ER 24 AT REAR, i
fit L A S 0.3%, BHfAAR ZR IR EE Ry 3%, TE kL
KB 3 he BEMELS AT, BEE R 95 C 7K
By KHf§ 15 min, ¥ H1J5, 7€ 4000 r/min 4514 F 5.0
20 min B _7EW . FikE 5 550 DPPH H 3L
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1222 BRHEZESL 456 1.2.2.1 EER, B8
MG R4 AR SR, 43 0 P S A R
(27.32.37. 42,47 C) . BEfEATEI (1. 20 3. 4.
5 h). B pH(7.0. 7.5, 8.0, 8.5. 9.0) FIEFJIK kb
(0.1%. 0.2%. 0.3%. 0.4%. 0.5%) X B briafLiE
JIRIFENNA, AE T EEAN R A0 B B, Il i 28 T
37 °C, BBt ] %2 4 3 h, BfE pH B2 8.0, fiff
JRLETE 2 2 0.3%. 19 2 B i W s, FBE 5 AR50
DPPH H HIELERZ.

1.2.2.3 ma miefbiss 454 1.2.2.2 BRI ZEILEK
25 W, M2 Pi5 Design-Expert 8.0.6 7 14 /Y Box-Behn-
ken SCHG BT R ER, Beit 3 RIEE 3 K SF i B T 1k
5, ISR 1 s,

1 R AR KB

Table 1 Box-Behnken level parameters
A RF
ES it {E
-1 0 1
TR IS ] (h) A 2 3 4
BRI (C) B 32 37 42
BRI L (%) C 0.2 0.3 0.4

1.2.3 &I =18 GB 5009.235-2016 & i
2 4 [ FRPRE L i P A IR IR S A AT E YR B T TR
STEER)ZPUEACIRIE  TRTACE]E . FREGESERZPTA b
Ak 23.4 mg T/KMEE T, A 10 mL ¥ %> 6 mol/L
FIERBRIE W, AR 2 min J&, G ET; 76 1101 C
MEFAACE 22 h R H B =R, B HeERE
50 mL 5L %E; B 1 mL 3EW T 100 mL BEfR, B
T 60 °C HEARZE TIW, Fn—2%oK 1 mL 751, &
2 WA, B 2 mL ¥ JE K 0.02 mol/L £k R fit,
T 0.22 pm BEME, FeRE =B LAE S

{1 S433D 4 F shZ SR 3BT T2 FE R 2H
I RE , B AL B S BB R IZ DT A2k B LCA
KO06/Na (34T I+, ZeaAAF N 50 pL, Friflsd FEmRifk
A 100 pmol/L. s AHAL+E A W (FrP &R 4,
pH3.45) FI1 B ¥ (AT AR 4/, pH10.85) , VI 25 i i3
2 0.45 mL/min, f{TAZZ TN 0.25 mL/min, FliE <
>4 570 nm F1 440 nm, 58~74 °C BHE TR
1.2.4 DPPH H HIEWEFRGE T2 =28k i
RV Iy ik, HIG/K S BEEEHIHR JE A 0.000078 g/
mL DPPH &V, BRBCELH o 4359 W A W) e B (g A
fm KR 100 uL F 96 FLARH, A 100 pL &k
0.000078 g/mL [/ DPPH 4, IR25), FE= 1R T #hEh
JZ ¥ 30 min J&, T 517 nm FIGEBOGIE Ao AT
MSE 100 pL BESLAERK S 100 pL Jo/K ZBSR-G IR
WSE(E A, 100 uL. DPPH ¥#9-5 100 pl Je7K 2R
BUEWRCAE Age BRI E BT A AT, LIAHE
R RE 1) A8 TR A e H SR SR B X B AR
(D)o

DPPH H H1 3 E R (%) = (1 - A‘; A ) % 100

0
A (D

P, Az 100 pL BESHIAW+100 L DPPH %K
PR SGAEs AL: 100 pl AF SR +100 pL JooK 2By
W W G AE s Ay: 100 nL JG 7K 2 B2 W +100 pL
DPPH %W OGAE
1.2.5 ABTS'HHAIHFERAEIIME S5 Hukm
A s, BC e B A 0.0378 g/mL i B R AR VA R N
A WK, URBEEA 0.00384 g/mL ABTS VAW A B K. HL
A 0.088 mL 5 B # 5 mL jR&, TEE IR T ROGHE:
Bt (12 W53 ABTS 7R I RIDKHif 75 1
FH— K FEFER 734 nm FWOGE N 0.710.02, 43
) W BAN ] BEAE R /KW 100 pL F 96 LA 7,
A 100 uL ABTS TAEW, 1R5), A= T 6
W 10 min J5, T 734 nm TIEWEOGE Ao [RIASI
SE 100 pL BESLIEWS 100 pL —ZoK RGO
{H A, 100 L ABTS TAE#ES 100 pL —ZRKIRGH
W SCAE Ago FRLLIME BT =47, LAAH IR
PRI IR I H U Sk BRI

. A -A,
ABTS*QHa%%B%%(%)z(l— < )><100

0
W)

A A 100 pL BEFREEIR+100 pL ABTS TAE
WO G Az 100 pL FESREEE+100 pl —ZKoK Y
WG Ag: 100 pL —Z7K+100 uL ABTS TAEW Y
M CAE -
1.2.6 ORAC(H HHERIWREIND M E SH=
JEU (1 7 1 BEAEAE T, 43 50 W A [ v A S s iR
50 uL FH&f 96 fLAH, IIAMREE S 0.96 pmol/L 1Y
POGEENTEIR 100 pl, 37 °C A7IR 10 min J5, FH3E0
AHE R 153 mmol/L 1) AAPH K 50 uL Ji s/
R, LA A& A 485 nm, K ST 538 nm ZEA7
R, AN RS IR B AR FRTE 37 °C, S E BT 120 min,
B\ 4 2 min, — 3 MW E 61K, id I 5 A
(sample) . [RIEFMAELL 50 pL 28 s A AL s
WHI+AAPH £H, L) 100 pL 2% Wi A RE S i T
1l AAPH 5 HI—AAPH 4H (5% 2) ., FRLHIMEBETT
=~F47. Trolox W (25, 50, 75, 100, 125 umol/
DYERRHES ), IR UERTZ: Y=0.3696X+
3.934(R’=0.9923) . LA I ¥ W ¥4 w5 e £k 27 vh ik
(75 mmol/L, pH7.4) Bl .

P e 52 61 R GAE IR LA R Bt A T

%2 ORAC %564l
Table 2 Experimental group of ORAC

25 S i A 7

FEah A 50 uLFEF+100 pLEE G R A+50 pL AAPH
+AAPHZH 50 PLZZ A R100 pLaE G2 EN+50 uL AAPH
—AAPHZH 100 pLZE B +100 nLe G2 4h
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—AAPH AYZGIH, 15 BIAEXT 26 56(H FRUX,
AR e 2 ot il 28 F mi AL ( AUC) Fi AR X 1 AR
(NetAUC) 3. ORAC fH.

RFU, RFU, RFU; RFU,, RFUj,
AUC=1+ + 4 +
RFU, RFU, RFU, RFU, RFU,
X (3

1, RFU: 0 min AYAHXS 225 (H; RFU,: x min
A AR X 22 S'GAE (140, RFUS J2& 5 min Hq‘ﬂ%ﬁﬁ%ﬁ‘ﬁ
1B ) ; AUC: 226t £ T T 1 5 NetAUC: # 5
(sample) 5 +AAPH 2H 19 A8 X 2¢O it & F ﬁ H 5
NetAUC=AUC,,; 1. AUC, o ppyi

4 NetAUC 7 AbrEM£&15 ) X {H (pmol/L),
LA T EE SR B3 FF Trolox X4 &t ( TE) 5% 45 5T A &l 19
TE(umol TE/g ¥ umol TE/L )/~ ORAC fH.
1.2.7 EERIZPUEACINT 1% 2 R B A 30 ] S2 56
1.2.7.1 EER)JZP0EA KT Pt 22 R il 14 300 1) 1 P A
5% SEERRHMIAED (TR RIS . S WIS
[FIHEERE 40 pl F 96 FLARH, A 40 pL ¥
125 U/mL 7 1% 2 B8 i %5 W&, 75 i A 80 pL PBS
(50 mmol/L, pH6.8), 37 °C £#{& 10 min, FIIAMKE
2 0.0002 g/mL MR (L-Iig 2 iRk 2= 1), 37 C 2
R 30 min J&, T 475 nm &b 2 W SGAE A, [R]BS
E A, Ay AL E . DL BB WIYT PBS B . AR
ME =447 -
i )x 100 X (4

4

%ammmﬁzmy@_i

FHT, A 40 pL £f 5 +40 pl B§+80 ulL PBS+
40 UL JIEW; A,: 40 pL BE5h+40 L fiff+120 uL PBS;
As: 40 L fiff+120 pL PBS+40 uL JiKY); A,: 40 uL fiff+
160 pL PBS,
1.2.7.2 EERZP0EAL T 1% 2 AR B i 0 il /2 FH AL
PREAFSE B S A AT S R RAN AT 0
i, Z SRS SN IR FEE SRR, e R L-
1% 22 2 I < B Dy 1.1 mmol/L, 7E B ¥ &l 125,
150 F1 200 U/mL MI44F T, S SBIas e B2 0. 5.
10 #1115 mg/mL P ERIZPCEAAR, #2218 1.2.7.1 19
Jr 55 30 s M2 — IR WOGIE o LATG Mk B2 Sy il Als
T, B TR F A DA AR RS B, £l LG £k,
IRITA[RIHR B 2 2R 2 BT A IR 1 =0 R it 1 f A
PES BB G R . IRIEAS SN B HIWIEERZ DA
ARSI i 2R 1 4 3 iV AT LB
1.2.7.3 BEERZPEAL T B 2R B i 4 il 1 FH 2k
HUBFSY WM SIAVE 2SS 5 s g PR am il L JE3E
el R SE S IR AR A RG] . SR
TRV B Iy IR AR L, [ B D 125 U/mL, 7E
JRY) L-Pi 2 R A 0.55.
PR, Sy NG nHe B Jy 0. 5. 10 F1 15 mg/mL FYEZER
JZPUEALRK, FE IR Z 0G0 771k A0S 30 s PlE —IR I
SH LIS B BB RS AR, 1l S T35

1.1 F0 2.2 mmol/L [ &

BIECHINALFR, 454 Lineweaver-Burk XURIEAE K%
VEIE, ARPERZ S B HIWrhp i 2 7m
1.3 HiEasE

B ZLEGIIAT 3 IRTPATELS, SR SPSS Ff4:
HEATH P A 3, P<0.05 H.G i il 2% 2 5, Design-
Expert 8.0.6 47 M) 3 1] 43T, Origin 2021 1 Grah-
pad Prism 8 £&[&,
2 FEREHR
2.1 EEEATHE

T A FR S ARG L —PEFE AL S A
ARTR], PSL A [R]85 1 T Tl i [ — 2 L S ), FK S
BEAFRIR], By A 22 IR a5k A+ R M —
RE X5, Bl TSR b A AR ) oA T2
S, DL 6 PR BN R 2R D B2 ER)2 ),
Bff# ) DPPH H HHESERRZFAE 1 iR, HEWT
1, R FH AR iR AR P B2 2R 2 B R W DPPH
F1 FH S B i =, DRI S PR A (B o e 2 55 50

PRI Fi it
100 -
S
s 751 a
&
pid
w50 4
H
{0
E 2541
=9
(@)
0 % ‘?%;x ‘?%sﬁ % % %
et <>§=» &8
&

&1 /\ﬁﬁﬁﬁﬁﬂi"fﬂ%}:@@ﬁ’i@ DPPH H Hi
THERAE ST BRI
Fig.1 Effects of six kinds of proteases on the scavenging rate
of DPPH free radicals in the hydrolysate of nacre
T = AN [R] 5 BE e 7 21 A7 S 25 M 22 5, P<0.05, €] 2~[] 5,
& 9~ 12 [,

22 BREEXW

2.2.1 WEARIEEXTEEER)Z AW DPPH H A 585 bR
SRR RS R S Ss A, th B 2 By
7N, MIREAE 27~37 °C YL I, E2ER)Z B A 00
DPPH [ FH 2775 1% 25 b Pifg fr T 52 108 v T 34 O,
37 °C BFSENERKME, o 72.88%+0.44%, T 24 IR
F 37 °C B, DPPH H 35 BR G 1R 0 T s 1
Fflk . HIFRAE T, Mg EACT 37 °C B, it
A R TG T TE P A, AITE R S 45
AU TSR T 37 °C JE, S SRBUE S T4k
A PR UR R e 25, 3 SR P A M, s PR R AR
LEA SRS, A2 e BRI A 37 °C AiAq .
2.2.2 [ifE A XTI ER 2 M DPPH H 355k
SEsZm IE 3 s, SEgfEat RIS 3 h i, 2
ERIZ B ) DPPH [ FH BET5 BR R BEBE A A ] 1 1
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Fig.2 Effect of enzymatic hydrolysis temperature on DPPH
radical scavenging rate of nacre enzymatic hydrolysate
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Fig.3 Effect of enzymatic hydrolysis time on DPPH radical
scavenging rate of nacre enzymatic hydrolysate
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F/ N TRERRO) (BB Al R, S-S BUEY) i EE
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2.2.3 HENS LE X ERIZ B R DPPH [ HH R0 R 3R
BURZI  NE 4 s, MR ARFR PR LM 0.1%
BT 2 0.3% B, BERZEH#HUR Y DPPH H 3t
TR B AR (P<0.05), BIS M 0.3% B ik
I AR, A 70.81%+0.53%; T4 IS ) vk B gk e ™
KEZE 0.5% H, DPPH H &7 SRR Wik, H
JEC PRI AT BE R 24l v AR, IR SR g S0,
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Fig.4 Effect of enzyme to substrate ratio on DPPH radical
scavenging rate of nacre enzymatic hydrolysate
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Fig.5 Effect of enzymatic hydrolysis pH on DPPH radical
scavenging rate of nacre enzymatic hydrolysate
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232 VABIRIFN Iy 225387 i2 A Design-Expert
8.0.6 HAFXF 2 4 A IA TG 43T Ia , A9 kel
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Y=76.22+0.39A+0.11B+1.45C+2.62AB+0.23AC+
5.63BC—3.62A°—1.8B>~4.13C>
2 4 7 2Z 5l Jn. B F{E & 38.8548,
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Table 3 Box-behnken design and results for response
surface analysis

e A s N M
BT EHRIRZ  BBISLL  DPPH A HiJEHEIRE (%)
1 1 0 1 70.99
2 0 0 0 75.88
3 1 1 0 71.07
4 -1 0 1 66.38
5 -1 1 0 70.77
6 0 -1 1 71.41
7 -1 0 1 69.26
8 0 -1 1 68.96
9 0 0 0 76.43
10 0 1 1 69.14
11 0 0 0 77.10
12 0 1 1 71.62
13 1 0 1 67.21
14 0 0 0 76.67
15 -1 -1 0 70.53
16 1 ! 0 70.82
17 0 0 0 75.00
x4 JrEo
Table 4 Variance analysis
TR PR HE Br FlE Pl WM

el 173.6367
A-FlfRERTTE] 1.2392
B-Flf#dE  0.0959

o

19.2930 38.8548 <0.0001  ***
1.2392 24956  0.1582
0.0959  0.1932  0.6735

1
1
C-EIEIL  16.8042 1 16.8042 33.8426  0.0007  **
AB 0.0000 1 0.0000  0.0001  0.9943
AC 0.2052 1 0.2052  0.4133  0.5408
BC 0.0001 1 0.0001  0.0003  0.9877
A? 552302 1 552302 111.2301 <0.0001  ***
B? 13.6626 1 13.6626 27.5156 0.0012  **
c? 71.9509 1 719509 144.9047 <0.0001  ***
G2 3.4758 7 0.4965
AL 0.8566 3 0.2855 04360 07394 A
glitR 2 2.6192 4 0.6548

pEvl! 177.1125 16

T P<0.05, 255+ w%y*ﬁa; P<0.01, 22 4% i 3, Dh**3KIR; P<0.0001,
ZRWBE, I ERIR; P>0.05, 2R AR RE .,

P {H<0.0001, FRUIZ BT HAITALHA I 3522 55, 2056
T3 E BE v RAUITE S 0.7394, KT 0.05, AN
#, RUNZAAI IR EAE S W EL M EAR O, BA %
G R S FHIE R 2 RP=0.9804>0.9, SR iZA5L
RUAHSCEERS . MOIEREL R®,4=0.9551, BLIAT 95.51%
AR BB AR A T T2 2R)2 B A ) DPPH [ Hi %k
WG BRSBTS A . H R 6~I8] 8 WA, Tl iR )
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Rae i, BEITEIR IS O B A e R B . = RIZRAE
HAEFH e S AR R R, DRI R A AE BAE
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Fig.6 Effects of enzymatic hydrolysis time and temperature on
DPPH radical scavenging rate of nacre enzymatic hydrolysate
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Fig.7 Effects of enzymatic hydrolysis time and enzymatic
substrate ratio on DPPH radical scavenging rate of nacre
enzymatic hydrolysate
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Fig.8 Effects of enzymatic hydrolysis temperature and
enzymatic substrate ratio on DPPH radical scavenging
rate of nacre enzymatic hydrolysate
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BAA PRIZR X T M) 107 B P55 M Sy T Lt > TRt fie Bt [ > i
fRIRE

i3 Design-Expert 8.0.6 A4 X1 1 B 475 S AT
SYHIT, AR F S A T2 At R 3.06 h it
fRIREE 37.15 °C | BEE L 0.32%, TIMTE I 5514 F AF
A5 2 (1) il i R 19 DPPH ) HH BETE BR 3 N 76.36%
2545 S0 S S PR IE OL, F BRE R SR A B SR BFTR] 3 h,
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HRE 37 °C, BRI 0.32%. ZAEMAM T il
fifff# i DPPH H HZ5VE RN 76.34%+0.24%, 5T
M Z5EIRAHUT, TC W ME2E 5 (P>0.05), PR IZA AL
et S oS R I O o 3 B R C | [ 2SS
JEEHE R TAS RIS, B2 ERZPrE L.
24 SERRAMST

FAER U TR BRZH UM AR 9 S LR 4 B 53 MT 45
Ranzk 5 PR, Hoh gk 2 R S ik 33.9%, FRTE
ZAFEIR PR 2 FE R 43 i) o VA BE AR 11 29.58% Fl
18.36%, 75 F IR & FL% 5t 19.48%., AHKRWFTE R
B, B /KPR 2 SRR R Vs PR IR ) H S e T 8 SR A
RO, Hgh Ay rh g R GE 25 2 5 i RS 5PT,
XA JEEZERIZ DA R B R e i R R 2
—o [FIE}, BEREPUE AR P I S R e g im 1o
PEALR TR R AEL AT H T8l ] py 32728, DT R )
HA IS BRAE ST . ANk, 25 s e S m Fas
SR RAT R0 A IR BRSO, BRI, AR
PRI RIRAVILRIVE T, BERZPUAE LR B
T RAFmbT A T

x5 ARMRAR T

Table 5 Analysis of amino acids contents

FIERFNAE AHXT B 1 (%)
Asp(RAEHIR) 19.34
Thr(F2MR) 0.92
Ser( %) 1.89
Glu(A &) 10.23
Gly(H &) 6.93
Ala(NEFR) 4.48
"Cys (it ) 1.61
Val(4iZFR) 1.96
Met(FEZR) 1.65
Ne(F %R ) 2.07
Leu(F2&M2) 6.76
Tyr(BEEFR) 13.74
Phe (RN R) 5.73
His(SHE /R ) 8.59
"LysOBi 2R ) 223
"Arg (K5 2R) 7.53
Pro(JIfi%&R2) 431
EAA/TAA(%) 21.33
HAA/TAA(%) 33.9
ARAA/TAA(%) 19.48
AAA/TAA(%) 29.58
BAA/TAA(%) 18.36

HE: EAA: b EIERR; *: LT EIEAR; TAA: BEIERR; AAA: iRthE It
2 (Asp. Glu); BAA: BlPEE AR (His, Arg. Lys); HAA: B /K P& LR
(Ala, Phe, Ile, Leu, Met, Pro, Val, Gly); ARAA: 5 &R & IER (Trp.
Tyr, Phe); A1 T2 MR 537 R R K fff 1 AL R 5, A R 45 55 v 62,
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BRI

Hesh, BERZPURAK P se 2R . 2240 . 75
ZAMR . 2R . INZR . SN 2R . A2 IR AP PE
PRAT By 4110 o i 2 A il 1) 3% P10, X 8 R SR T
EERIZPTEALIR T 5 Ik E] 30.88%, HEER)ZPUA

ARSI 1 S PR T i BE B T Wy a3k al o
2.5 DPPH EHEBMREESINE

WNE 9 PN, TEEER)ZHTEALIRTE IR R 45 b
HIKHE g 0.1~4 mg/mL Ju FIR, H DPPH A Ak
T I R Il 2 AR RE O 3G R G, SR ER R A R RK
KR, TEMRE N 4 mg/mL B3 553 62.43%+0.53%
1 97.72%%+1.09%. FEIX 6 U EE T, FHMHXT 1Y
DPPH [ L3 R AR 1t iz & TR ER )2 P A B R .
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Fig.9 DPPH radical scavenging rates of nacre antioxidant
peptides and GSH in different concentrations

2.6 ABTS'EHEEBRREESINE
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Fig.10 ABTS" radical scavenging rates of nacre antioxidant
peptides and GSH in different concentrations
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mL, B ELT CAPs. HIt, BEREITEIIKEA R
I ABTS' A HIEIERRRE S o
2.7 ORAC (FEHHEWULEES) NIE

HIE 11A 7750, 525 +AAPH HAH L, BBE)E
PrEAL KB I AT LA B SR Y R 2 CE S 5
I, R AL (AUC) i, Prafbid ks, i,
ZURBE B EREPUEAL IR B R AT BT AL nG
PE, IFHE —ENERE R . HhnifEZ%54 Trolox
AL S BEAT SE 50, 158 T AniE £ Y=0.3696X+

3.934(R*=0.9923), HiH “X" {3 Trolox ¥JE, “Y”

R Net AUC. RIFIRHETLRAS B 9 BHREFEIR
&l 11B, BIZ4HE Net AUC T, AN[EIHEE IS ER)E
PrEALRK AT B Y Trolox M EE . MKl 11B w40, ¥k
B 2Ry 50~90 pg/mL (Y B BR )2 Bt A0 R IT XS R Y
Trolox ¢ J& A 50.36+2.58~105.36+1.33 pmol/L, LA
AR A5 EIA) Trolox M EFIRBERZEPTEILIK
F) ORAC {8, Bl A 1124.86 umol TE/g % T 85 . #H
KB gE e WY S 4G f0 AR 1 K M4 (TPH) 1) ORAC
{E -} 576.15+1.77 umol/L TE/g ZE 11, Ik T2 8)2
PoAEAUAR, HILULHESER)Z PSR TR A 0940
FEIRE ] -
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Fig.11 Fluorescence decay curve of the optimal digest
hydrolysate of nacre antioxidant peptides (A) and Trolox
concentration corresponding to the optimal digest hydrolysate
of nacre antioxidant peptides under the same Net AUC (B)
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Fig.12 Tyrosinase inhibition rates of nacre antioxidant peptides
in different concentrations
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Fig.13 Mechanism of inhibition of tyrosinase by nacre
antioxidant peptides
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Fig.14 Types of inhibition of tyrosinase by nacre
antioxidant peptides
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Table 6 Kinetic parameters of inhibition of tyrosinase by nacre

antioxidant peptides
B ZPUA LR Lineweaver-Burk K, Vi

(mg/mL) VL (mmol/L)  (A/min)
0 Y=237.69X+96.64 2.46 0.0103
5 Y=279.63X+124.64 2.24 0.0080
10 Y=320.46X+148.99 2.15 0.0067
15 Y=378.76X+182.87 2.07 0.0054

3 g

AT LN BR I S22 2R 2 R B 2R N R
Bl A S RS ERZPTRAIR . E A S R L
ST AT AL, SHUAEALRE AR SC I PURh LR : B K
IR (33.90%) . J7 T e ad 2L 1R (19.48%) . FRYEZ
HLTR (29.58% ) FIHH M2 IR (18.36%), TE i 2 LR
B PR, TEIX DU AR SR S FE R g 2 [ AE H
T, BERZEPTEAIRERILH T R4 | B BRi T
[) F, A7 Bl 3 P 220 R It 400 1) BE 0 19 2 AL IR o LE o
30.88%, R ER)Z PRI I L SE F 59 Y
YR, SLEAS N R E YT AL IGE R S R AT 5
st g 7 A s 2 R 0, I AT R AR IR
B ARG E . ISR ZPTE A BT Al H
A X IR AHT BRI SE P50, S S B B DL
ST ERZ R EALFI, A sh e 0E 2 SR BE T BRig Ak
filhe M TEER)ZPUA IR S HT A AN g 22U iR B
G Z B FASSOC 22 M AN TS AE, JE ST PR XSS BR
JZPTEAIRIEL T3 B 2l 5 5, IRARIT Hbt A b
NP Z PR B A TS AL
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