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Preparation of antioxidant peptides from simulated enzymatic hydrolysis of
sea cucumber protein and their anti-fatigue activity
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ABSTRACT: Objective To prepare sea cucumber antioxidant peptides by combining virtual enzymatic hydrolysis
and traditional enzymatic methods, and further investigate their anti fatigue effects. Methods Using sea cucumber
as raw material, virtual enzymatic hydrolysis was carried out using an online database to predict and screen the best
protease for preparing antioxidant peptides based on characteristics such as water solubility, biological toxicity, and
allergenicity. The effects of reaction temperature, time, enzyme dosage, pH, and substrate concentration on sea
cucumber protein hydrolysis degree and 1,1-diphenyl-2-picrylhydrazyl (DPPH) clearance rate were investigated through
single factor and response experiments. The optimal process parameters for preparing antioxidant peptides were
determined, and their anti fatigue effects were further explored using a load swimming mouse model. Results  After

multiple rounds of screening, the protease K with good hydrophilicity, safety, and stability was finally obtained.
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Under the conditions of reaction time of 2.0 hours and enzyme addition of 350 U/g, the optimal process parameters

were temperature 50°C, pH 6.4, and substrate concentration of 1.0%. The DPPH clearance rate obtained under these

conditions was 64.2%*1.1%, which was close to the ideal value, indicating that the feasibility of the process was

good. Research on the anti fatigue effect showed that sea cucumber antioxidant peptides had little effect on mouse

body weight, could significantly prolong weight-bearing swimming time (P<0.05), significantly reduced serum urea

nitrogen and lactate content, increased liver glycogen and muscle glycogen reserves (P<0.05), and improved exercise

endurance. Conclusions The sea cucumber antioxidant peptide prepared by combining virtual enzymatic hydrolysis

and actual enzymatic hydrolysis has a significant anti fatigue effect.
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Table 1 Response surface factors and levels
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58 FEHGRR, S BRADIARRAR P 2 5 P o 2 PSP K R L 55 15 PR A5 99
2 HBRESW FI 334G T2 EAZIK.

2.1 BSENERER

S AR TR, R T K
f AR 22 Ik 281 Fb, (7 e B A P G A L5 2 2 ik
174 7, {1 E 3 A (pH>2) ML AT 75 F S XS B0
EH, SRR K BRI IK 331 B, A RE R
BRI R 20K 251 Fh, 6] 15 & R (pH>2) B
FEARAT 180 Mo [RIME, FE PN K R /KR I S 1 M B B a0

2.2 GEMBREIKEME. SHEMBEUE TN

i 3 AN [ 2 B LLK M Vi 2 A A BN 1 IIREE,
ORI IN TR AR A TS P PP 23>0.5) KB L #5
PR BB AT 24000 E, 25K 2. iRl &5
MBI AR AT 66 Ak PE R ToaemIfE A | AR S
NPT IR, R AR I KR AR S R RO AR R
w2, NI IR BO L 2 R T 5 S RN, AR

*2 EUFEESERRZK

Table 2 Virtual screening of sea cucumber protein source peptides

HA I Jk B 41 iy Kk e ook
PGPPGPPGGRGGPGDRGPL 0.962351 b 7 FEHUH
GPRGF 0.962121 b 7 FEHUH
GRQGSQGPPGPPGPPGPPGT 0.826472 i T e[Sl
NNRF 0.769817 b 7 FEHUH
PGPRGGY 0.694589 b 7 FEHUH
RGL 0.678651 b 7 FEHUH
HEREK RGPA 0.618519 b 7 FEHUH
GSGDL 0.568202 b 7 FEHUH
GQRGMPGA 0.563222 i T e[Sl
GNPGSQGGPGPQGA 0.548745 i T e[Sl
GDL 0.546664 b 7 FEHUH
RIS E MRDY 0.544697 b 7 FEHUH
GSPGRPGSA 0.51328 b 7 FEHUH
AGPPGPPG 0.923232 b 7 FEHUH
FYCRN 0.894886 b 7 FEHUH
LRGP 0.691045 b 7 FEHUH
AT 2 1 MDG 0.676555 b 7 FEHUH
ATGPQGQQGSRGERGPEGQQGQ 0.642051 i T e[Sl
ARG 0.563547 b 7 FEHUH
LEF 0.502781 b 7 FEHUH
KGPVMPAG 0.623199 b 7 FEHUH
& CSRHRRTLL 0.546525 b 7 FEHUH
(pH>2)
KDINNRF 0.536743 b 7 FEHUH
RW 0.978386 b 7 FEHUH
DPF 0.955551 b 7 FEHUH
SF 0.948796 b 7 FEHUH
PPPL 0.940951 b 7 FEHUH
G K Ui s A E ) -
PNF 0.937503 b 7 FEHUH
GSW 0.933634 b 7 FEHUH
ML 0.894564 b 7 FEHUH
PGL 0.855192 b 7 FEHUH
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GSRL 0.600948 pse & |85
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GHL 0.588729 g ¥ g

RMCV 0.574224 g ¥ g
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NSNF 0.552389 i & |85
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FDYS 0.533473 I ¥ E|EEE

LEF 0.502781 I ¥ Ak 2
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= FNPDT 0.604902 I ¥ Ak 2

(pH>2) GSRL 0.600948 I ¥ E|EEEE
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X, pH X R I KA SE R, — T 5 e i 1 25 (R 454, 5
FOHAE, — TR B3 S ) e DR 1) A R A S R
1P DR AR 1 K S pH b 6, A FST R WIAE pH S
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TR/, S50 DPPH A fi3LiE BRoR AL, Mk, %
1.0%1E M BE M — A AR i F s B SR IR 3R K

2.4 oS EREesELE
24.1 "R EEIELERE F E NN

FERLR LR LA b, [ RS E] 2.0 hy i
350 Ulg, LURE(A). JEWIHE(B). pH (C)HHLHET,
L DPPH [ H 3L BR 3 R A8 b, SR FH i 1 T ik ik — 26
AP AR 5 12, 4R % 3.

45¢ 170 5 170 4 .70
RS B RS
40} 60 a0l 10% lood
S fr S {50 %z sS40k #
2 s so 2 s = 50 5
B £E lagEE £
%\’ I '\VA\' {1 'zr\’35 Ry
30k ~ IRt 140 £ 30f ~ KA 30 z ~ IR {40 T
~ DPPHA Y | & ~ DPPHA % 170 & ~ DPPHA MY | &
25 1 1 1 30 25 1 1 1 20 30 1 1 1 1 1 1 1 30
40 50 60 70 80 1.0 15 20 25 30 250 300 350 400 450 500 550 600 650
g/ PC Bt 6] /h JinfiE/(Ulg)
@) 50 70 Bas; 70
RS RS
60 «g 40t 60 g
° 401 R o S
S 508 35| 50 %2
g ! g !
30 = f =
2 20 E S30 40 E
~ K 30 E 25 ~ IKfEE 30 E
201 ~ DPPHA filkifl% | & ~DPPHA filkik% | &
1 1 1 20 20 1 1 1 20
5 6 7 8 9 0.5 1.0 15 20 25
pH TR EE /%

1 AN EZR AR AREE . DPPH F H A& BR R 1520

Fig.1 Influences of different factors on hydrolysis degrees and DPPH free radical clearance rates
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Table 3 Experimental design and results

) ; . DPPH A 3
¥4 A TRE B RYIKE  C:pH e
1 0 0 0 63.03
2 -1 -1 0 40.25
3 0 0 0 63.83
4 0 0 0 63.70
5 0 1 -1 33.72
6 -1 0 -1 35.43
7 0 0 0 63.63
8 0 1 1 53.72
9 -1 1 0 38.06
10 1 0 1 45.58
11 0 -1 -1 4430
12 0 0 0 63.28
13 1 1 0 33.56
14 -1 0 1 47.54
15 0 -1 1 47.849
16 1 0 -1 31.32
17 1 -1 0 35.78

FIFH Design-Expert 12.0 3 4%5 LA b 17 41 525045 53
34007, 4350 R 20l 7 B Y=-613.82+15.25A+
35.05B+88.58C—0.0018AB+0.0536AC+8.23BC—0.1576A>—
43.3B>-7.77C%, Hi# 4 Al 1, B P<0.0001, % &2, Kl

WMAARE, EHZIFBRUGERLE, HERD
R’.=0.9976, IRFIZMAIREGEMRRE 99.76% % MK fift il 5
EAll a2 k. haE 4 a5, —KIT A, B, C
¥ 5.3 (P<0.05), Hid A, C AW #(P<0.01), WKW
BC. A2, B’ C* MR B (P<0.01). m1 F{EI/NATLLHI
A. B. CXI DPPH H FHH:IE BRI 52 M5k 55 T e TR
SpH> IR . B XHLA Rk, BRREN T 2S5
Bl R 49.47°C. JEWIHE 1.01%. pH 6.43, FUlm
DPPH A HIEERE N 64.8%. A 7 ET IR RIIESL
18, fLEEE, BUREE 50°C, JRYIMRE 1.0%, pH 6.4, T
S 3 ¥k, 19%] DPPH A HIEIRE N 64.2%11.1%, 53
FUEARZZEC/N, B ARE 7 BB A% Ay 1 TN ¥ 2 R 1 0 4
TRkl T2
242 REMERHH

ANFEEZ B EAE AL 2, th 3D il el %,
FFOmE, SRR RME, A E R E A, B R
T, FWAPIPIAC AR EE . TSI IE Z B 38 H.
PEFR VLI 2A, DS 4 BT, 3 X6 o7 14 R B3 (21
o5 )b b, FRUE AT DPPH A HALIEBR R 5%
Wi B A L IR A pH Z RIS BAE I DL 2B, M5 Rk IE
AL, AL pH, TRy 4 R B AR A, T 3
FETRE, FUNEEEXT DPPH H IS BRR A 5 . ik
P SER pH ZRIMsC BAEHILE 2C, M5 R mT A,
JEE e By 1) 1) TR TR B0 € AR A o e, PRI, G A R
DPPH H M AL FRRASE M B . 25 b RTIR, IR BE Zxd
DPPH [ i 315 BR AR A R M 30 55 K7 00 I EE>pH> ik
BE, XS5 EMTH F g R—3,

F4 BEFESNW

Table 4 Analysis of variance of the model

3 5 df ¥y F P B
el 2399.67 9 266.63 747.50 <0.0001 BTES
AR 651.89 1 651.89 1827.59 <0.0001 %
B- MR T 3.00 1 3.00 8.40 0.0230 *
C-pH 200.07 1 200.07 560.90 <0.0001 o
AB 0.0003 1 0.0003 0.0009 0.9766
AC 1.15 1 1.15 3.23 0.1155
BC 67.67 1 67.67 189.73 <0.0001 o
A 1045.26 1 1045.26 2930.41 <0.0001 o
B 493.36 1 493.36 1383.15 <0.0001 o
c 254.24 1 254.24 712.76 <0.0001 o
B 2% 2.50 7 0.3567
2R ALL I 2.06 3 0.6876 6.34 0.0533 ENTES
a2 0.434 4 0.1085
oyl 2402.16 16

T o3 M N B 2 (P<0.01); *F038 B2 .35 (P<0.05),
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