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Preparation, amino acid composition and anti-inflammatory activity of

hydrolyzed peptides from Pinctada martensii
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WR AR R ERRATEN S0, ER: P HREAEAR
E L BEARE LR AR 11 (g/mL), B R
JE46.3 C B fERT A 1.4 h, BEJR b 0.3% . sbBd K AR JE A
22. 88%”52‘51 E AR E £, @R T, B g P
LERABRAETX 19.84%. Ak BRA LR S F S
21.194,%£%4\q§u}t&§/‘\§5@ 10.46% ., # LPS# ¥
8 B a0 i RAW264.7 3t £ AL A b, %2k oK 8 Ak
JE 0~4.0 mg/mL 8 JF &K LB A L w0 BLA A
TESMWEIGIH, REKRAEH 2.0 mg/mL 8.5 2k MK
FRBK ST AT 2 A7 4 NO 89 % A&, A & 0 je % & B F TNF-a,
1L-6 A= IL-18 #9 £ A&, NO 47 #) % i 2] 70.00% , TNF-a
1L-6 A= IL-1p3 #p #) % 4 ) ik %] 83.01%,85.04% ,83.11% .
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Abstract: Objective: This study aimed to realize the high-value

HOBR 4 R

utilization of biological active ingredients and anti-inflammatory

peptides from the Pinctada martensii meat. Methods: The

hydrolysis process of the P. martensii meat was optimized by
single factor test and response surface test with degree of
hydrolysis (DH) as the index. The amino acid composition and

anti-inflammatory activity of P. martensii meat hydrolysate

peptides were evaluated and analyzed. Results: The results

showed that neutral protease was the optimal enzyme, and the

optimal hydrolysis conditions were solid-liquid ratio 1

1 (g/mL), temperature 46.3 “C. hydrolysis time 1.4 h, and
substrate ratio 0.3%. The hydrolysis degree was 22.88% , which
was not significantly different from the theoretical value, and the
reliable. The hydrolysates including

regression model was

19.84 % of essential amino acids, 21.19% of hydrophobic amino

acids and 10.46% of positively charged amino acids. In LPS
induced RAW264. 7 anti-inflammatory model of mouse

macrophages, the hydrolyzed peptide of P. martensii had no
cytotoxicity and was beneficial to the proliferation of macrophages
in the mass concentration range of 0~4.0 mg/mL. At the mass

concentration of 2.0 mg/mlL, hydrolyzed peptide could effectively
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inhibit the production of NO and inflammatory cytokines TNF-a ,
IL-6 and IL-1B3; the inhibition rate of NO, TNF-a, IL-6 and IL-
18 was 70.00%, 83.01%, 85.04% and 83.11% . respectively.
Conclusion: Hydrolytic peptide of P. martensii has a complete
range of amino acids, which can effectively inhibit the production
of NO and inflammatory cytokines TNF-a, IL-6 and IL-18 in
RAW264. 7 macrophages, showing good anti-inflammatory
activity.

Keywords: Pinctada martensii; enzymatic hydrolysis process;
hydrolytic peptides; amino acid composition; anti-inflammatory

activity
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PR 22 30 s st 3 A 11 5 40 0 BB S 0 MAPK Rl NF-«B %5
T I B T 22 ol 9 i AT R IR T R % R R L B i
HA T, W —F AR (NO) R AR 5 41 il B - 19 40 i A 3R -
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TV IR (VIP) o~ 22 3 40 i 3 3R (o« MSTD H1 B L i 56
FUFAF OB R R m] T A RE R B G R 1 B
JPEkE TS HOLAN & R K 8% K Q0 65 40 1A K i KT
S KR RO X PR P K A R A B UE S T i
il 9 iE 41 M DR 7 0 7 2R B R GA R B R A, R B 1k T
JEE 19 9 A5 SV
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AL RAW264.7 FT 5 PF- i 455 50 X 22 B DL K A B F 47 0
TEA . AT T B gk BF DU A 2B 9 76 k43 1 = (B0 )
PEAE B ISR , T FC Bk BE DL B 4% 06 M K 9 T & 2 it
HARSH.
1 MRSk
1.1 #8EiH

SRR LU AL B BRI VR AR YR B BR A ED

HHEE A0 T U/ JRE AR 25 7 U/g)
PR (20 7 U/ FIARJR AR FIEE(20 77 U/g): 1 b
R TREAY TRARAR;

SRR (TNBS) : 43 87 21, s 1k 5 Ak 22 1K
A RRA T

WEME W (MTT) « M 4l | 22 Se k2 ¢ A48 & 5

§ 2 (LPS) , — H W (DMSO) : £ 1L ik 5, 35 [
Sigma 2\ 7 ;

DMEM 152 % g 4 1 75 (FBS) : A fL ik 7, B8 Bk &
HRB A

NERUE WA RAW264.7 . tp BB L 76 240 I 5

H AR 3 g [ 7= 43 4
1.2 UE5iE&

B AR R K VS HH-4 Y, 4 4% 717 48 08 T 52 5648
w7

ZEW A ST E 0L 1530 B, W AL SL e =
IXARTF R AT BRA H] 5

HLF RO AL104 B MR 8 FC R 2088 (O A
R

pH 3t :PHS-3CW Y, 28 2 Rl B} 7 {8 (AL o) A 1R

% 1) fiE W 5 [ : Enspire2300 %Y, 2% F PerkinElmer

1.3 Hik

1.3.1 S IRERBEDL A R 0 5 IRBRBE LR SR
Wi T ATEER N RS K, & T —20 CRERE. X500t
IR PRI — 7t DU A 30 B b L 1 ¢ 1 (g/mL) JImA —
%K. H 0.1 mol/L NaOH ¥ 1 % W pH fH & i i& pH
{H I L 0.3 %6 I AR 1l , 76 15 W K % 58 T g7 3 b,
Hf i i B2 B 30 min B FEIR S) BB R R, 90 C UK K B
10 min, BH E =, 4 000 r/min &> 10 min, B FH
MEKBEEE, W LWEWE T —20 CHRY A, 178 % T
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S AR BB BE DK@ IKVR T4 . T — 20 “CHmie .
1.3.2  HEf% T. 2404k

(1) i W I O 3 - 45 28 1 T 0ol Ak 1 I 3R 1, R 4%
2R 1 IR 3 A T 4R 1,31 AT AR

®1 \MHEOBNREERESY
Table 1

Optimal enzymolysis conditions for

four kinds of proteases

GBS OB AR/ C OGS R pH (H
rhdE 2 40~45(45) 6.0~7.5(7.0)
1 2 45~55(50) 8.5~10.5(9.0)
AN 55~60(55) 6.0~7.0(7.0)
B K 35~45(45) 7.5~8.0(8.0)

(2) PR R AR - Ve PRK A B 5o 1 — AR 1 il X
Wil K A JBE Y A4 A DY 3R G A IR B A AR P T IS L RO
WO HEAT AL LK B2 SRy OF 48 B, 80 G 2% 1 12 1K .
JEM 0.3% BRI 1 ¢ 3 (g/mL) IR 45 °C FIHG i
BRI 3 ho AR S 4 B b (0.1%6,0.2%,0.3%,
0.4%,0.5% ), Bhi b [1 ¢+ 1,1+ 2,1 ¢ 3,1 4,1 :
5 (g/mL) ], B IR B (35,40, 45,50, 55 °C) ., F§ fift i [A]
(1,2,3,4,5 h) , F AW EL 3 K EIEECEME.

(3) M 1o T 96 O AK T A 25 AR PR R R G S5 AR
i i Design-Expert V8.0.6 §% 4 £ 47 i B 1 43 #7 » LA K iR
B $8 k7 9 W 197 {4 3 4T Box-Behnken i1, #37 = K % =
K- 1 i SO T BT X, %ok S R i R 2R AT A Ak B
IR R AR T2 AR

(4) TR JE B A2 - R FH TNBS 32 9 % 2 1 % K i
B, MG Adler-Nissen 20190 3y 7 3, B8 E 16 k., DU
L2525 2 TR AE Ar & 2 i 5 o it 26, S MR 1 )

0.125 mL,fimA 1 mL pH 8.2,0.2 mol/L. PBS Al 1 mL

0.1% TNBS,50 ‘CfHiR#E N 1 h, B HEBFIREIMA
2 mL 0.1 mol/L HCl 4% {# st b 56 & 24 1k, 340 nm T
W) 5E WA . e (D T K g R

~ y(B—A)X0.16 0
K= m X P X H ., X100%, (n

K

K— KM %

y S E R E . mmol/L;

B—#E 5 AE 340 nm T BYOGAE 5

A—FKE FIKLE 340 nm T WG IE 5

m—— T AR T BT, g5

P— ke S R A& &g/ g

H o — A S, 7.85 mmol/g HAR,
1.3.3 HEHAB&EME % GB 5009.5—2016 1 EL K
FE R B AT

1.3.4 HAFERHAW T RAZZER A 35,

BE s # | 2023 F 2 B | RSN

1.3.5  HURIGEPEN

(1) 40HE 3G 5%/ BB W 40 e RAW264.7 H & 10%
FBS.1% Wi DMEM Ei 32368 F 5% CO, .37 ‘C 4l
WA R AE R BN AR #FEITER, K
20 0l AR 2% TR % 3 00 T BR800 I W UL R B SR 3
3 mL PBS %% i Pk ¥ 4t I 9T IR . 3% A IR MUK 55 2 mL
WCFT 4 22 58 42 B VA L A0 TR AR 4 T 0 SR R R A i
BRI B B AL P B T EIR SR SR B R

X 40 B v TR o 4 . A A DA SE A R B
BRI LA 1 pg/mL (4 LPS 075 512056 4 LUK [8] ok B 19 R DU
FES N LPS(1 pg/mL) ., HHKE 3 MEAL.

(2) MTT ¥E00 7 40 M A7 1 22 R HT MTT 35376l A
XA FEPEAE T . DR A MR R 1 X 10/ mL, %
fL 100 pL KAt e Al T 96 LA, 15 5% 24 h 5 RS
KSR, T PBS Pk 40 A TR L 3256 4 4 3mSR 5
TV EE A 2 Bk DL KR IR A 52 4 Bk 3% 4 (0.125,0.25,0.5,
1.0,2.0,4.0 mg/mL) 100 pl, 25 [ 4 IA 2550 58 4 1%
FIL A 6 NEIL AR 24 h R, BN A
100 pL MTT %W (0.5 mg/mL) HIESH A HIEF 4 h,
3 MTT % W J5 H PBS e, &L A 150 uL
DMSO 5¢ 4 % i [ 78 91 B3, % 3% 10 min {fi 25 & 50 70 0%
% A P B B A DN 490 nm R & LB WO (A) L %
OV ANNAF 5,

A —A,
A,—A,

K.

S— AR, %5

A, 2 H A WOE(E

A — R H WO ;

A, — BRI WO (E .

(3) NO W E - R Griess 3% RAW264.7 41
B NO B il & K #4705 . A% RAW264.7 41 i vk &
J31X10° 4 /mL, & fL 500 pL /0 E 24 FLI. B TR 3R
R R, MR R IR A (AL RS AL 4 i A 500 pL
SEA ISR RGN A 500 pL & AR BE B9 Tk VLK iR
Bk 58 4 B 35 4 (0.125,0.25,0.5,1.0,2.0 mg/mL) , & T ¥
FAATP ARSI 3R 12 h G, WL R R 37 SE9F F PBS BEik
U ABH 2 AR B0 2H B FL A 500 pl 1 pg/mL B LPS %
W75 FIALIN A SE 2 1Y 58 B 97 6 Ak 2l 5 57 24 ho 4R
WL HE 96 FLALFE 50 pL/FL i AKE & b 15 45 FLHh 4
FINA 50 pl. Griess Reagent T3 7] Al Griess Reagent [[3&
B IR A5, T 450 nm 5 W GAE .

(4) ELISA #0072 40 M X & &t . ¥ Il ELISA il 2
IR A U B AR AR A DU At AR s R Y R TR Y 5 At
T, B EIA 100 pL 8538 FOE W, W b B A i
JETE 37 “CF#EMEE 90 min, FEL A, A 350 pL Bk
VWl 30 s A R IEWMOKA BT, EE 5 K.

S X100% » (2)
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A 100 pL AEW RGO TAEW . W5 B EAR S 37 °C ot
B 1 hLUEM 5 . A 100 pl. BEES A& T/ W b+t
RIS 37 “ClEMEE 30 min, ¥EAR 5 ¥R, HIA 100 pL &
%, 37 CHREEIEE 15 min 5, A 100 pl 52 4 1E
W, 450 nm A0 E RO AR . AR R B A OD fH 58 ) A o
iR 0 [l 03 7 B ST SRR S A AR R
1.4 HESH

B IRIHEAT 3 WOPAT B B ME . St bR A
SPSS 20. 0 #k f (IBM SPSS, USA) #t 17 1 A & )5 2
(ANOVA) #l Duncan i 43 #7, P <0.05 i 22 7 A 4t it %
2 HRS5nbr
2.1 EAWmNIGE

M1 AT LA L4 B AR S DL DR KRR R M
25, BTN — 15 R0 R B AL R T AR IR
— JEURE IR AR B ) 22 K 7R KO 51 L 4 18] 45 44 43 F K/
FHHAARRKES, BFEUKMEBART . hERA
il % B CQ Bk B DU IR 7K A A2 B2 5 8, O 13,0906, it #5
PR 25 1 Dy el 2R
2.2 BEZERRE
2.2.1  FEJE LT HOK R R E 2 W RIE
Wi % T JE b3 K fige B R SR N R R AR Y R B iz A5 R
55 g AETOVFE i % MG Bt Ak K R Y T A AR A AL,
B PSR BE 2 BT R N R 5 R AR BE
TG BRI R 1 5 B AR IS LS O R S g Y
e ful B0, S B B PR s E S 5 R A A R
TG i £ 0 B R 23 P sE g M SUE B B
AH K % 5 BB TE 0 REAK L 5% e R R RN 8 R, K R
TR, MBI H R 0.3 %M, K AR R v N 13.58 %, A
I3 3 BB LR 0.3 %0,
2.2.2 TR BEX KRR Zm K 3 LIE WL, R
2R BE BN K e B R S HE IR BT B R 2 i

8,
6,
4t

IR I
Degree of hydrolysis/%

20

0 1 1 1 ]
ARNEE I B AR o N A AR

AT UES
Type of proteaes

NG FREAN R R OR 22 5 3 (P <C0.05)
Bl FAREZFaETEQRBEYY A
Figure 1  Effects of different proteases on the

degree of proteolysis
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Degree of hydrolysis/%

S N A N ®
T

0.1 0.2 0.3 0.4 0.5
it G 1
Ratio of enzyme to substrate/%

ING RN R 2R 25 7 13 (P <<0.05)
B2 ERILAE G A MENG YR

Figure 2 Effects of enzyme-to-substrate ratio on the
degree of proteolysis
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14 .
be
St w7 ab
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=z 10
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¥z 8¢
X%
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&
S 47
2l
0
35 40 45 50 55
Vit e Ut S
Temperature/ °C

NG FREAN R R 25 5 1.3 (P <C0.05)
B3 EMEENEaKRBENGY A
Figure 3 Effects of temperature on the degree

of proteolysis

file R BE hy 45 “C B L 7K fiff BE 35 B B RAB S 13.48 %, i i i
BEIRE 45 CIE KM E 2B WRE LM %, X &l T
PR A A 3 0 RN TR Y R R S AT R
Wi TG %) R T T U O R A A IR 25 4 L R O U R R
JiN a3 s N T TR G il 0 N S S | . o 2
45 °C Ay duc i i T g UL B

2.2.3  RUB LXK E R B 4 TR L K
JEE PRURL R G A R TR 25 5 B S o KR B R L R AR
ORI L 4R e S A K R BE O T T B, 1 TR L3S R
B, il Ak 38 DA TR R, B L R BR PN I Y e BEAIR L IR S R Y
B A AR D (Tl A KSR 2 R 2 TR B B R IR L 1
PR B AR P TR L R 19 22 KR R R AR L DT R BOK
RETR, SR 11 (g/m) W, KR ERE . N
16.15% ., B, 2E#E 1 1 (g/mL) HEERH L.

2.2.4  FEAE RS OK g R sg o RS AT RUE LK
7 J3£ 25 TR A E ) ) S G 5 5 3 S 3 W T 92 A
30 7R A A R i A A T ) T T 4 SR — B, e A A I A
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Figure 4 Effects of solid-to-liquid ratio on the degree
of proteolysis
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Figure 5 Effects of time on the degree of proteolysis

1~2 h P XS K R BE R 2 4k W35 Z S IR R E . X
2 PR S T Sk T 300 B G A B R P 3G O, BE A S R
P2, 7K e B D BE K, — B TRD S B IS R T R
AV o T 7K AR 1) 50 A AL T 22 U2, K fie BB 1 39 R L B
FEAR) . IRL L 2e4 2 h o ek i A A 1D
2.3 Mo R EHRIE
2.3.1 BRGNS 5 REMEA T 7E 5 R R R A R A
Tilt I o 0 ST VG L | 0 90 VL BE T A W) R R AT = BRI R =K
ST m e 7 T PR AR . o T B BT R 2. DAK R
JEE Sy 157 AL T VS B R A IR BE N A I R) R IS AR, A0 A
Ih G R B DU B 0 It T 246 Aw . IR 4 R W% 3.
PR 3B AT W T LA A A B3R R

F 2 MREEREIET

Table 2 Code and level of factors chosen

K ABBIRIL/ % B EHRIEEE/C C WEAR A /h
-1 0.2 40 1

0 0.3 45 2

1 0.4 50 3

BE s # | 2023 F 2 B | RSN

£3 MEEXEER
Table 3 Results of factors chosen
5 A B C Y KR/ %
1 1 0 —1 19.09
2 0 —1 —1 18.63
3 —1 0 1 17.37
4 0 1 1 17.72
5 0 1 —1 20.51
6 0 0 0 22.18
7 —1 1 0 17.32
8 1 1 0 19.65
9 0 0 0 22.38
10 1 —1 0 18.48
11 0 0 0 21.02
12 0 —1 1 18.33
13 —1 0 —1 19.44
14 0 0 0 21.10
15 1 0 1 19.44
16 0 0 0 20.05
17 —1 —1 0 14.02
R Z2 T[] A ARy
Y =21.36+1.06A +0.72B — 0.60C — 0.53AB +
0.61AC —0.62BC —1.98A% —2.02B* —0.55C*, (3

R A 62 [ A T R A AT R L % R AT W
LER WK 4,

x4 EHPEAEBRRFEHH

Table 4 Variance analysis for regression equation
TR CFTM AME ¥l F{ PH 0 BEME
LAY 58.14 9 6.46  5.44 0.018 0 *
A 9.05 1 9.05  7.63  0.028 0 *
B 4,12 1 4,12 3.47  0.104 8
C 2.89 1 2.89  2.44  0.162 5
AB 1.13 1 1.13  0.96 0.3609
AC 1.46 1 1.46  1.23  0.3035
BC 1.55 1 1.55  1.31  0.2907
A? 16.47 1 16.47 13.87  0.007 4 = x
B2 17.10 1 17.10 14,40  0.006 8 = *
C? 1.26 1 1.26  1.06  0.336 8
T 831 7 119
ES1e 4.73 3 1.58  1.76  0.293 3
afi iR 2% 3.58 4 0.90
S 66.45 16

Tox o BoREMNBE(P<0.01); * FEREMEZE(P<
0.05);CV H 5.67%.
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A2 4 T, [ R P <<0.05, 1 B b 36 S 5 A
HUFAF 5 2R IR B B9 P =0.293 3>>0.05, %% B JiT 15 )57 #2
59 BRPLG p Al I H R 22 BT RN,y R R AT,
T8 105 R 3 A BT T LA L AR e R A S
3 (P<C0.05), A” FI B X i 1 1 19 5% ol 4 W & (P <<
0.01)  F It AT 60 3 30 P 5% o] [0 {1 AS 2 fRT SR Y R PE SR R
I ELE R HE X K A 8 A A B S
2.3.2 WM EEEAERSNT IE 6 BT LUE L FEIS LA

Tl e I 2 ot TR 39 52 0K, B AR UL TE 40~ 46 °C I % KR

X
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£
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¥ =
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Degree of hydrolysis/%
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Figure 6

TTIRTESC S, A 2 BB SR R A E T ES 88
JEH 0.32% (EEMFIA] 1.4 h BRI 46.3 C .47 3 1K
4 STUG 1S B B K A B R (22,88 40,900 % , 5 I AE G
WEME S B e R T v O Ak B R Bk DK
JOR I il A S PF R T AT 1Y, TR B R A T &
2.4 REBAMSHF

W% 5 Iin T AR oh B R R RN S 5 & b T AR R
(EAM) S EHR 19.84% . 16 MK 00 D 68 76 M 5 H ARk
SUIER L B HEB T A 56, B B 4 I M 1Y BK B A R K
P IE L0 SRR U HOR TR N i s C i, Horpgi K M
o 11 2 5 R T A 0 22 K5 40 I 2 [ 9 4 A L O R
A5 538 B 1R i 2 MR AR 5 Gl N R A0 i % 4R
710 1 R e B R R =B R RS R 0 R i 1
TER 2R DUK A K b, A B 42 055 BT 4% B 0 1Y 2 Bk 2 A 4 i
IR S FE R (21.19 %6 Faw IE H ff 2 2R (10.45%) , /5 L
34.65 % » M J5T L ik 2% THT 26 BH 22 Bk LUK A BK 7T g HL A T
5 AT

0.30
TG EE

Enzyme—to—substrate ratio/%

(b)) FEEAFEIRLRE AU HE

(e )RR INF ) VBRI B2
BB EZ R X LA G @ A

Response surface diagrams for interaction of various factors

MEMWE - BHRIUKBROH & SERARRRLE S

FEAE0.2 %0 ~0.3 Yo B 3 B T BE L 2 )5 s 1 F- 2% . Ul ] TG A il
JEE 8 R ISR VS LG B R IR K SR BE Y S e W
e T I 0 R JUS L R A ST 1) 0 S e 52 ol i X A — S A
JE LT A I [ i TR e e T % U B RIS L R R A UL
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