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[ (1, 51 Sigma 2% H ;DMEM K535k JA2F 135 Z0EREE RUHS 10%06 2 M35 1 DMEM

I3, B 75 38 48 W) CCK-8 17 &, — A LA
(NO)IGH & , 38 = RAEYEARA R A H]
12 UR5EE

pH it e i — M 2 00 (L ) AR A
T AR A, Ji o 1 AR S ) s AR A B R AR 56
Thermo Fisher 23 ] ; 2¢ Y6 8] & W5, £ /R %

Al () A RA A,
1.3 FHix
131 SCIRRIUR MR A5 0F  SCin Loc)a T oI 3ML

PR B PR B B 5 g SCR R BE , UBHI HE 1:6 A
AR W, %t pH (B AT I8 5 5 10048 3 X6 1 K A
AR EE | IR G B A 3 h, WA 25 R
IR KB 15 min, ¥ %0 .5 000 r/min %> 20 min, L
SRR/ JiE

132 RE&AMNMmE 2% 1112 Andre
SRS i A 25 A I VR AB 2, 20 i T 5 i a1
SOl A AT A AT CCK—8 12 A6 0 A [m] it i
7K 2 B AR R 38 B AR AR S S S el 2
M, WA ARIEILR 1,

®1 EOMKEEG
Table 1 Hydrolysis conditions of protease

B EIC pH 14 B e &

Bt & G 50 9.0 2 600 Ulg

T E O 45 7.0 3 600 Ulg

KNE @ B 50 6.5 4000 Ulg
BEG 37 3.0 2 000 U/mL

WeE @ B 37 7.0 100 U/mL

1.3.3 Bl SR AFR R R S DORHE L 1:6 1
fif Bof B) 3 h L 45 °C .pH 7.0 FG & = 3 600 U/
g RFEAR G, 43 B 6 B S O (2 600,3 100,
3 600,4 100,4 600 Ulg). i ¥ (35,40,45,50,55
°C).pH(5.0,6.0,7.0,8.0,9.0) . fif§ fift i} /i) (2,3 ,4,
5,6 h) BHE L (1:2,1:4,1:6,1:8,1:10)5 4~ K Z it
TrOUAk S5 2 LA gt 7 ) XoF 240 0 R X 348 9 232 1) 5
e VA P A 4R

1.3.4 W RiE AL AR ES X B R S A SRk AT
GIHT R 3 AN 5 M A I 2 AR SR AT ) N T
Ak, IEX A AS B 1 25 B AT 5 E

SEAREFRIE 5% C0,.37 CTF R4,
1.3.6  CCK-8 71 41 Jfd 38 5 % 21 M %% & 2.5
10° cells/mL, £EFL 200 WL HLA 96 FLAR |, 55 5% 24
h G5 g . FERAUIMA — @ W B R, 2 4
INAFRBG Jo i B 3R, Bi3% 8 h 5 CCK-8
AR 3 5 R R BEAR AL T 450 nm A0 0 5 WO
FEAEUS 41 B AH XT 34 5 % (Relative growth rate,
RGR)# 5 (1) 11455 .

21 R XS 38 5 R (%)= (A=A ) /A x 100

Ko A——FE S AL OG LA
CEE
1.3.7  AS[A] 5 it vk BE MILIP X 40 it AH X 38 5 2 (1)
W 2% 1.3.6 THE M, KR 24 h
Ja 3T L AR AR ALRZS (AL R AL I A [R5
B MLIP (0.05,0.1,0.2,0.4,0.8 mg/mL) , 43
BIEEFE 8 h Al 24 h J5 Al ] CCK-8 ¥4 il & AH X 1%
B el
138 ZMUEEWE &% 1.3.6 T kR
s BRUF O A i #5511 mL A 12 FLAR, 15 55 24
h J5 35 L3, BERESh 4R 25 14, B 4 i AR TR
JF R M EE Y MLIP, 4k 22 55 9% 24 h J , B 3] &
B, R4 T 4 R 25 28k 14 0L 58 B A R
1.3.9  A[A] & H B MLIP XF 40 i NO Bl &
U 7% 1.3.6 15 1Y J7 I8 A6 R A 1Y) 20 M 4 g
£ 200 wL inA 96 fLAz T, KEFE 24 h 5 3 LA,
F il 2 ACAS 7] J5T 2 v B 9 MILIP, % BRZE A 1
we/mL g Z B¥ (Lipopolysaccharide, LPS), [A] i i%
25 2 ARS8 5 24 b K &AL P i 2 iR T 3
5, 2% R U A5 8 i B bR A Ot B
{H, T NO I R i
1.3.10  F¥ageit/dr  SPSS 27.0 Sk A7 i 3%
P2 #T , Design—Expert V8.0.6 A4 3E 47 i i T A5
Lo HT .

(1)
25 1 20 %

2 H#R5iTiE
21 EBEBHHE

WP 1 s, AR 0 X 200 G B R A i Y
e A EAN, HEKEOmrEE AR, BHEA
g PR Al AN A, IR S S
N i R
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22 BEARXKWHER

22,1 B 0 XT A0 AH X AR s an A
2 iR, BEINE SN 2 600 Ulg %] 3 600 Ulg i, 3C
ey 22 JOROXGT 240 L ) A T 398 B 25 BROR R v Y, BB TR
ik #) 3 600 Ulg i, SCHE 22 AKX 20 B (1) AH XT3
B 5 S ey, 33K R DAL Ry T VA i 15 5 (1 7l 5 6
Py 56 1 2Z ] A B R s 0 B % AR
AW, ST 22 PR 20 L %) R XT3 B A B
B 4 g, TR B TR AR Y
A IXA] RS T A R 2 IR R B Y R A
ORI AL T e 325 il S 3 3 600 Ulg,

222 pH {E X5 4H B AH X G GE R A &l 3
JiR ,pH AE M 5.0 F 9.0, ST 22 KT 40 il A A1 Xt
RaGASE T, 2 pH A 7.0 B A B Bl S

150

ab a
120f = ap o
C
90
60
30
0
&

AR 2
Protease type

W ANFVING SRR R 4L A7 7E B 35 M 25 57 (P<0.05) .

T R
Proliferation rate/%

B 1 AEZE B EERF R 4808 5E 2 550
Fig.1 Effects of different protease enzymolysis solution
on cell proliferation rate
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Fig.3 Effects of pH value on cell relative

proliferation rate

SRR, X2 R B — R R BT — A dRid A
i) pH B35 BB, pH B 1 25 1b 2 5 B0 0 1 A A5
7 A AR A DT T 4 ) il ik B Rz AR s i R [
I, it A 1) e A pH (L 1EHE 7.0,

2.2.3 [t AR U EE 6 A0 B AR X G A R A 2 dn &
4 TR, 4 EE N 35 CHF i 2] 55 ChT, TG 2 Ik
XoF 240 Jf R Xof 14 B 5 0 3 T R Y A LR Dy 45 °C
NIV RO S S =N =R = S ARINF SR S
2T — 2 PR EEYE L, R Y T s i
Gy Wiz B HRE A I T 5 N ) S R T B 4
T, 33 % 1) A R RE I PR A R SR G R I
N B G S A I N IO R ey i N
B ARSI TR I 5 A il A 0 3 B 6 45 °C
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Fig.2 Effects of enzyme additive amount on cell

relative proliferation rate
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Fig.4 Effects of temperature on cell relative

proliferation rate
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2.2.4 iR sF IE) XoF 200 R X B AR R A s an &
5 R, I ETE 2~3 h B, SO 22 KOG 48 A 14 AR
XoF B A R R TR, 3 h ik R, g 3 h A,
SCUG 22 JRORT 248 L P9 AF X 348 B 23 S5t 0 3 3T AR A1 1
A N o D DR B T A ) B K A 2 Y
7 s Uk SR i A RO M A i | T
2240 LR XoF 184 B8 258 ST T AR s P il A 1 )
M 3h &L,

2.2.5 BRI A i AH X RS A R s an &
6 TR, RN L AE 1:4~1:8 Y5 Y A, SCls 2 ik
XoF 240 6 1) B A A R S BT MR R 1:6 B A

80 a
60}

40}

AT 38 58 %
Relative growth rate/%

20F

PR} 1]
Time/h

B 5 B E) X 28 A AR X 1 5 R B 72 A

Fig.5 Effects of time on cell relative proliferation

2.3 i ER AL
2.3.1  ma K R R SRR R RERE

WY, A 5 fe 3 il AN & O 3 600 Ulg, pH {H N
7.0, BHE L6 1:6, 55 £ 53 Y 7 R X6 i 3z 1 3
N E 5K FRIFTRI(FE2),
232 map; AR EE R R B Design—
Expert V8.0.6 Xf# 3 #EA7 846 /0¥, 152045 R W
e 4 FIt7R o W 7 I T 456 200 LR X B AR 28 [l E 4B
G, BRIEAIR I R .Y = -903.57341 +
0.25411A + 121463368 +3992297C + 00101184 B +
2.41912x107AC - 0.98036BC — 4.83084x1074> —
11.16623B% - 3.34436C?,

[l 51 05 A v 4% A8 i T X 7 A P (R /DN, D AR
N7 )78 i N 2 AR R T, AN 4 P [l AR Y
P<0.001, i B Z A R B 8 3 — R 3L rp A (B 5%
Wl 3, C Rm i 3 R FAER/NAT 3 AN X
21 R 6T 1 B8 56 5 W) 5 W) P9 IR 2, B>A >C 5 A EL

rate

JHLAF XoF 18 B8 3 1k B e K WIS S T B TS
R GEORHE BT BHR /N 55 0S40 1) 422 o T
TINFE S5, T A 1) R L e SR A B R L 1Y)
B W Wi R R Wl A R L B T
Kok, DATITG Xk 240 JHL AR X 484 B 3 7 A4 52 g 2200 PR ot e
HERHR L EEFE 106,

B G5 AR Bl WA A5 P R 1
6, il % i 3 600 Ulg B ,pH 7.0, i & 45 °C, il
fi# 3 h, 28 SPSS 437, BEUS N . pH B FURHA L XS
Tit A% 7= 0 ) SR R ME S A AR W 2, R R R X 3
AR AT A0

80 p a
IS b
" § 60F be
&5 a
z
= 2 40t
= &b
™
= 20}
L5
=
0 i & " i i
1:2 1:4 1:6 1:8 1:10
BRI L

Solid-liquid ratio
6 A% Lb X 48 R 4B X 5 R B0 S 0
Fig.6  Effects of solid-liquid ratio on cell relative

proliferation rate

*2 MEmRBERSKFE
Table 2 Test factors and levels of response surface
&
A %
-1 0 1
B A& (A)/U-g! 3100 3 600 4100
pH 15 (B) 6.0 7.0 8.0
Fik e (C) 1:4 1:6 1:8

YEH A B B2 3 (P<0.01) s RELITUA 2 2 (P=0.2883>
0.05),R*=0.9801 id BH [0 9 J5 B 0L & BE 4f, i A TR
BT

233 HHNELZEAEXT RAW264.7 4 it 15 %
(s [EE — AR, HEILAR 2 AR X 4
i 154 B 1 s M A 225 il e 7 TG, SR AN 7 B
71N o TSR e 7 T JPS ) 5 v 2k PR SRR R %
AR A AR G, a5 SR S I SRR
o se BARE oo, 577 22 B b g 45 2R — 3k
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Table 3 Response surface design and results
A% A%
Rpan mEmE  pHa it | mman sass  pHa Hak 0
IR % /%
(4) (B) (€) (4) (B) (€
1 1 -1 0 47.55 10 0 0 0 71.95
2 0 1 46.26 11 0 1 -1 43.59
3 0 70.82 12 -1 -1 53.26
4 0 0 72.60 13 -1 54.93
5 0 -1 -1 47.61 14 -1 -1 0 62.18
6 -1 1 0 42.73 15 -1 58.12
7 1 0 -1 36.20 16 0 0 76.52
8 1 0 1 37.14 17 1 1 0 48.33
9 0 0 0 75.31
x4 EFBEBFTESN
Table 4 Variance analysis of regression model
7 Z kR P 75 Fe B W E ¥ 7 F1a P1a hrAEatlcd
el 2629.82 9 292.2 38.26 <0.0001 ok
A 140.06 1 140.06 18.34 0.0036 ok
B 149.32 1 149.32 19.55 0.0031 wE
C 85.74 1 85.74 11.23 0.0122 *
AB 102.38 1 102.38 13.4 0.0081 wE
AC 23.41 1 23.41 3.06 0.1235 -
BC 15.38 1 15.38 2.01 0.1989 -
A? 614.13 1 614.13 80.41 <0.0001 ok
B? 524.99 1 524.99 68.74 <0.0001 HHE
c? 753.5 1 753.5 98.65 <0.0001 ok
R E 53.46 7 7.64 - - -
& R 30.64 3 10.21 1.79 0.2883 -
Yk £ 22.82 4 5.71 - - -
BAA 2 683.29 16 - - - -

¥ 225 B3 (P<0.05) 5%, 2257 M 35 (P<0.01) ;. 25 5 ¥ L 3 (P<0.001) .

AR S5 R

~
vy

(a)

N

Fig.7

URTT e

Relative growth rate/%
o
)

I~
O

(5]
(=)

1:7
S T‘\*‘ N
: . %X o
»ty Vp@@ 8.0 1:4 0,‘ /\\Q\‘\b
WUz, o\.‘&
S

(b)

B7 EEFXEERANHEE

AT 3 5 %2
Relative growth rate/%

I~
I

3100 <
3350

3600

02}/, %ﬁ j

Uy Y,
% ),
11[/0 (7 Io 2

Surface diagram of interaction of various factors

3850

(e)

4100 4 ¢

= 117
1516@V

i\ N

Xx b%

%59



166 hoE

i oF i

2023 55 11

234 SuEiREe w4k Y s O B AR SRR
b WS i 3 493.03 U/g,pH 6.75, BLIHE 1:
6.24 , RAW264.7 21 L #H X} 34 58 %k 71.395% . th
Tl B RS PR R AE R P S AT, o
AR & S5 . BV A 3 500 Ulg,pH 6.8,
*Jr{mtﬁmzo AR Zead 3 AT, I
T RAW264.7 4 il AH XT3 56 50 71.75% , 5 B8
{E%zl-w% , Ul B R TR 43 AT I X S B 8 T
JIR 8 i 28 S AR AL SR AT AT o
2.4 MLIP & EMHMNHR
2.4.1 AN[E R E MLIP X RAW264.7 41 it 41
XPHARE M sZ I 8 FTLLE Y, ANIR T
JE 9 MLIP % RAW264.7 24 Jid i AH % 34 78 5 45 —
FEMPEUEER, 4 MLIP 5 & 4 % 4 0.4 mg/mL
i, MLIP Xt RAW264.7 21 i (14 AH X 3% 5 % i 5
HAFAE— 5 W BF 1R 8% 5 . MLIP 7E FH 24 h J5 X}
RAW264.7 4 i 1) 3 58 2845 35 110%, W I g 2512
FI 5 e ) 2 S 8 0 1 B, A9 B0 T A 1 X
RAW264.7 2t il i) AH X5 14 5 24 0 80% , H#EIbe i
SO A £ £ R ) e T T K, A5 B
() Tl A 7= ) RAW264.7 4l i 4 FH XT3 5 SR 4 i
60% .

(d)0.2 mg/mL MLIP

(e)O 4 mg/mL MLIP

R X 8 4 %
Relative growth rate/%

0.05 0.10 0.20 0.40 0.80
Mass concentration/mg-mL™

T AN TR R R R AFAE 35 P 22 5 (P<0.05) .

B8 AERERE MLIP 3 RAW264.7 41 A1
A%t 18 58 2 19§ i
Fig.8 Effects of MLIP at different mass concentration
on the relative proliferation rate of RAW264.7 cells

242 LML FR‘IMT/TﬁIIEJ R
) MLIP X RAW264.7 21 M8 2 (452 0, 25 (1 41 4
MR A1 AR A T 283 MLIP ﬁilﬂﬂ@éﬂiﬂ@%ﬂ(g%ﬂﬁﬁ?‘.&
# kAT HEBAML, EECE DA S (AL B B
Z W% MLIP Jo7 5t i B 0 35 R, 20 i B30t 3 22
B IRl A T ORTR R B 9 04k . 4 MILIP Ji i

WA E] 0.8 mg/mL B, KA C 250k, 5
I SRR ATE Y Sl B AR ) e 2 2 S AN

SRS R — 2L,

@y 8y ] [
¢ o 9 o X o
ool & “‘é(&\ C{gg;( Cf{%\c b
‘90 &

LC &L Q
%Oa & & o5
5 §§ D A o% o
Qc

tgo. (“ &

Tpg 8 %

@ o %ce "?‘.Pc,ﬁ—e&b—c

pe

(e¢)0.1 mg/mL MLIP

(£)0.8 mg/mL. MLIP

B9 AERERE MLIP 3 RAW264.7 4 i 2 25 K 52 i
Fig.9 Effects of MLIP at different mass concentrations on the cell morphology of RAW264.7cells

2.4.3  ORN[A B MLIP X RAW264.7 41 fifl
NO BB (52 m  LPS nf DLl 3 HL A S Bl Ak
FEAARPE RN, 2 fd RAW264.7 41 it B 38076 M i
B NO, 1l NO & —FE SN, B kS

55— ZR 50 £ ARG, B 10 AN R BTtk
FE MLIP X RAW264.7 4l NO Bl 1520, 24
T ) J5 5 e B2 9 MLIP #EAT4E 1, NO B B i
A A HALA B B m, k& MLIP & ik
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Fig.10  Effects of different mass concentrations of

MLIP on NO release from RAW264.7 cells

JEE BRI, A0 NO 19 RE i SE 35 in I sk /b | 24
MLIP Ji & 4% £ A 0.1 mg/mL B, NO B il i ik )
T RAH, HZE WS T LPS AbBRAL, 60 MLIP 7] LA
I RAW264.7 4B NO , 3 M0 40 Ml 4 A=
o g% SN

=]

3 #ig

HRAE R 40 45 S o M7, 15 B R 25 50, i 4 300G
92 18 M K ol 2R B R B A B T, i
O TE X0 S i 98 T A Ao 1 o Rl A
48 BN 3 493 Ulg BHAHE 1:6.2 .pH 6.8, i
1o 56 F 3 56 A5 21 40 AR X 6 5 % R 71.75% , 5
TN AE 230, IF B R ) 7 TR 9 A A ol 4 SC G
ZRCRATATHY . AL GE P A= WA NO BRI
45 R R U] MLIP w] LA 25002 i RAW264.7 41 f 1)
H45E , BAT NO MR — & (R VE o AR SCy ik
G 48 5L Ry SO G g8 TR M IR Y A 4 4R T R e S
Bilh, A SR8 I T K A O Tk B S v AR FH
HET o K
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Abstract Objective: The main purpose of this paper was to prepare the immunoactive peptides from Meretrix meretrix
Linnaeus (MLIP) by enzymatic hydrolysis, optimize the enzymolysis conditions of MLIP, and studied its immune activity.
Method: MLIP was used as raw material, and five commonly used proteases were chosen to hydrolyze. The proliferation
rate of RAW264.7 cells was selected as an indicator to screen the most suitable protease for enzymolysis solution. Then,
the single factor test was carried out, and three factors with significant impact were selected to optimize the enzymolysis
conditions by response surface method, and MLIP was prepared with the optimized process parameters. In addition, this
research also studied the effects of different concentrations of MLIP on the relative proliferation rate, cell morphology and
NO release of RAW264.7 cells. Results: The proliferation rate results showed that complex protease was the most suit-
able enzyme to prepare MLIP. The optimal enzymatic parameters obtained by response surface optimization were: pH 6.8,
solid—liquid ratio 1:6.2, enzyme dosage 3 493 Ulg, enzymolysis at 45 °C for 3 hours. The relative proliferation rate of
RAW264.7 cells was predicted to be 71.40% , which were basically the same with the results obtained by verification
experiment. In addition, RAW264.7 cells showed the best proliferation promoting effect when the concentration of MLIP
was 0.4 mg/mL. All dose of MLIP caused differentiation to varying degrees of cell differentiation and had a certain pro-
moting effect on the release of NO of RAW264.7 cells. Conclusion: The results indicated that the MLIP exhibit desirable
immune activity, which might provide reference for the preparation and further study of the MLIP.

Keywords immunoactive peptide; optimization of enzymatic hydrolysis conditions; RAW264.7 cells; relative growth rate



