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HWE  Beg . ALIFa] =9 PR BT, AT AL MC3T3-E1 s B @0 o3 78 L R A 4L e &b 7 ik . MTT 460 R B
HEIF IR MC3T3-E1 s F i & 0 %vf s i R B @I 540 £ 3d A= 7 d o, 0l & 3 sk 35 82 B (ALP) &1, 2 7 d
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R PEBE R (ALP) 16 . Zhang 251k ) 6 ff1
B R S BRAT DATSCE 9 B, 3 ok i O A AR R
¥ BL(TGF-B1)/Smad 15 53t #% , k35 e Il 5 % 5
R o2 Bl WA EAEHIRAE#E B EH . Chen 1k
B A W5 K i ) AR A K, R T
ERK1/2 MAPK 8 #%42 v 5B 2035 77, ] i 35
HHRFE M, 41 BPM-2 0PN ,OCN 43 .
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FBT BRI, PRI A AR S 26 T @ 7 4 ) 25 0
PERR A R S MR AR BAT PR PR B
AT 8 I R R 3 /) BRI 2 M5 22 il A 2
Tfg , 1 HAE U g b I T i B 58 4 b o AR S0k
FHUFAKVE - MC3T3-E1 Subclonel4 % 41 il A%
ARG PR3, WF 58 X i A M3 A R
PRS2, Ay W R 7 R o (A ) 4 A B
S, AR TR BT A B RE B A Y TT R A R
5y

1 MRERE®
1.1 ##E5iEH

R, RSB % A AT A, JEURE A LT R
1 A PR 2 A 3R AR 20 0 in T R 7 g Sk R R
72;MC3T3-E1 Subclonel4 4 ik , v = RF 2 B I
A0 L 5 B 45 1LY , Biological Industries 23 7] 5 g
filf AT .a—MEM 35323 Thermo Scientific 2 7 ;
MTT G- H im B R 4h  L-Pr IR R, 5% Sigma 24
Al PE R LD S P, AL U RS E R A R A A
TR b R T A AR B A PR A
gk, il RaeRHE A BRA A s FastKing ¢D-
NA 5 —#E& Ol h &, RARAEMFHEARA A
9t m ikl & TB Green® Premix Ex Taq™,
TaKaRa /A 7] ; PBS ¥ W 4% 2 B H % | Trizol , I
HERREVBEAAGRAE;DEPC K, LA T A
Py T2 A] 5 ALP 057 & (OCN ] & .COL-T i

L, R W AR RIS i 5 H e R 2 o [
25350 73 a4
12 5 uH

CO, $5 7746, FEAR R R B A IR 7 5 18] &
e WA, H A Olympus A w18 5% il
B, 1% Leica Microsystems; Synergy H1 [ #r
%, 36 [ BioTek ; i £ £ 11 4% 2 i€ 4, 2 [ M-
PLEN 7 & ; W5 A% DU HI 58 4020 A, 1 98 57 S A 4
A PR 7] PCR AL, SE 15 Bio—Rad /A F] 5 52 22
JE 7 PCR X, ZEBR G R BH A BRA | BT
UKAE T B R R A A AT PR A
1.3 Fi&
13,1 SFRRAY S & L0UFJE0RH B BHL ) A
JA 95% C 4% 18 0.1 g/mL (R ER A&, =
T T HEFEBE 8 h, i vk, Bk 45 CHE+, &

FZ IR0.5 g/mL 1 o1 52 Wk 3 ] 8 vpoin A ZE 1R OK
pH EHE 7.2, A 2% 4 & (1|, F 55 CF i
FEA# 5 h,90 CCKHEF 20 min, i JEH 7 K
fige It 0.5 wm FLAR TCHL P BB S 2, Wi i ad
WA UGE 1 1000 u A1 250 u 18 BE I W4 35
AR B W, A5 8 250~1 000 u 443, ¥ TR S
LN/

132 BUB MR TR R R DR U HE R
H, A 37 CHEIRK BN, PR B2 sh il HAE 1
min N 78 &, R 58 ARk s B0 FRAE IR A
BAT 58 A B IR I (ML . a-MEM 15 95 3% . XU He 4]
#9:1:0.1) WE.CHEH, 1000 r/min &0 5 min,
2 L3 A PBS JE AT AT, 1 000 v/min 3
TE.O 5 min, 185 LU, EE FAREAE 2 K
L EWEE, IMARREFRE, WATIRY), #& 3
T25 AR IR, FFA 37 °C .5%CO, K5 3- 44
W SR, TEEE AU WA, A U
2B A N Y 90% LA L AT AR AR, B
RSP EA B IR, A PBS #2221 4 i
3,35 PBS 5, A 1 mL 0.25%J8 i 17 314
b 1~2 min, B& N UL, >4 20 i i 45 B B0 ¥ R 7
BB A 2 mL 58 42 5 SR AR AL TS AR
WCHT 35 T, 57 4 A8 225 R0 RC . o 4 A A2 T 5 %
F O H L1000 v/min Z0 5 min 2 L, IIA
i e A IR R R R B A A L A7)
RS B T25 B3R 5

1.3.3  WRBKGT BB 20 M 14 B 0 M A 5 e BBORT 8K
A K] MC3T3-E1 Subclonel4 40 10 9E47 11540, %
YL 5x10° A/FL 1 % BB Fh ) 96 FLAR T, REAL
100 wL, BZAFLINA PBS, LA B A E . 26 2
R 70 R 300, A RRALINA 100 pL 58 4 B
PRI, HAH I 100 wL & & 5 4 1)
9 0.02,0.05,0.1 mg/mL. SP AY5E &8 2, B4 6
AR ISR 24 h, G FRAT S5 AT B AL InA
10 wL 55 # % N 0.5 mg/mL 1) MTT i i, 4k%E
WA 4h GRS, BALINA 150 p. DMSO

FLEMOEE

LR (%) =270 100 (1)
A—A,
P A28 AL RE ;A4 — X R
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1.3.4 MR REO BCR 4 M otk i e O B AR
MC3T3-E1 Subclonel4 #H i -4k 68 T3, R4
0155 S R 35 T A M AT B 5%, b SRR A
H & A 10 mmol/L B—TH Il B 8 5 A1 50 wg/mL it
IR IR Y 56 A 1 2 B 8k K 0 4m g L 2x10°
ANFLB) % B 4R T 24 FLAR, B FL 1 mL, 24 h 5,
B O 0,0.02,0.05,0.1 mg/mlLL 4 5 K43
SR RAT ISR, BT RWRER 4 N8
L, 40 AE R 3~4 d B 1 R SEIE IA S ok 3,
7dF 14 d, FEEEFRES G E LIE WA EP 4
1,1 500 r/min #5.0> 10 min, H [ 1E-20 CL- 17 R
H

W35 3% 3 d R T d I A0 R 3R L T R B
TR e B A5 7 W AR AR HEA TN, AR SE R R
BRIRRGIR A TER R 520 nm A0 T 5E 4% 1L
WOCHEEAE . ALP 16 f14% 0 (2) 115,

B ALP W6 77 (42 [GHLA2/100 mL)=(
EAE OD — 25 I {H OD)/(F5 #E OD {H-%5 H OD
1B ) x5 o o & T 96 (0.02 mg/mL) x 100 mLx A
AR 5 AR BT L (2)

PEREFE 7 d A 14 d #9401 L35 WCHE IR OCN
COL-T i) G it B A5 1 2L BRBEA TSI
1.3.5  WRBESTAE 4 Mo AL B S B B K
20 B DL 2x10* AN /FL I %5 B 3 R T 24 FL AR, T4
I mL, 24 hJ&, B4y & e )E 0,0.02,0.05,
0.1,0.2 mg/mL FJUF K 531015 5 55 SR k17 55 5%

BSR4 AL AR 3~4 d 4 1
W Bk 21 d, WEFRgsd e Wk B 5%
W, TV PBS B30k 2 IR, 4% 2 5 W S [ i
15 min, 77 25 [# E W, 8B 4K Pk 3 W, B K 58 &)
T 28 AT F LS Yk, E il Y 20~30
min, 77 K YRk B Ak PE 3 Wk, BEFLINAGE 48 4l
K, TE RS 5% 00 BT (x40) T B AL 6 B 8 LT, H
Image J X8 14545 1 AL T30

1.3.6 W PO BB 40 MY 0 A AR OC BE P mRNA 3k
KK AE 24 FLAR H 2 oo $lod: K 04
M, BEFL Sx10* A, ARG FRAEIE & 24 h )5, BR XS
MM A e 2SR WA, A 4 A & AN [
WP SP Wy sE R FRWIET 72 h, Ri5, HIR
PBS 7% ¥ 3 i J5 , 352 PBS, M A 1 mL % TRI-
zol IR, B W FT 24 2N B , 8 5 Genebank Ki &
53 HAFE KN mRNA F4), [ Primer Premier 5.0
AT AES Y, B LA TAY TRAFE
B, 4% TRIzol 351 12 42 HUAH M S RNA, A2
A UK OD A260/A280 .0D A260/A230
K RNA ¥ B fdf 1 3 I W8 B i Hb Dk G T e 4
RNA W&l KI5 19 5 RNA R4 5 Sl )
B S5 S N cDNA , $% 18 TaKaRa 23 7 (1)
P iR & U B B R N AR R, #E AT PCR
FENE o5& R B 5 8 e il e ) T A 4 BRSO e
i PCR AR BT HEAT o B A FF i 38 25 D] 1% A T
mRNA £ ikKFEH 274203158 L) B-actin HNZ
HH

*& 1 RT-PCR &R 54K 3

Table 1 Primer sequence of Real-Time PCR
AR BRE 514 55 (57-37) FKEbp B KERE/C
B-actin NM_007393.5 F:AGTGTGACGTTGACATCCGT 298 61
R:GCAGCTCAGTAACAGTCCGC
ALP NM_007431.3 F:AACCCAGACACAAGCATTCC 151 59
R:GAGAGCGAAGGGTCAGTCAG
OCN NM_007541.3 F:CCCTGAGTCTGACAAAGCCT 189 60
R:ATGCGTTTGTAGGCGGTCTT
COL-1 NM_007742.4 F:GACATGTTCAGCTTTGTGGACCTC 119 62

R:GGGACCCTTAGGCCATTGTGTA

1.3.7 % & 48 M OPG RANKL RUNX2 %
mRNA FEKFBI52 0 4% 1.3.6 15 J7 ik i R
KX MC3T3-E1 Subclonel4 48 i OPG . RANKL .

RUNX2 3£ H mRNA [ &3k K, 5197 5 1L
%20
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%2 RT-PCR RESI#F75!
Table 2 Primer sequence of Real-Time PCR
A H BERE 514 55 (5°-37) 7= 4 K bp iR K3 E/C

B-actin NM_007393.5 F:AGTGTGACGTTGACATCCGT 298 61
R:GCAGCTCAGTAACAGTCCGC

oPG NM_008764.3 F:CAGAGAAGCCACGCAAAAGTG 173 60
R:AGCTGTGTCTCCGTTTTATCCT

RANKL NM_011613.3 F:GAAACATCGGGAAGCGTACC 246 59
R:GTACGTCGCATCTTGATCCG

RUNX2 NM_001145920.2 F:AGCGGACGAGGCAAGAGTTT 219 62

R:AGGCGGGACACCTACTCTCATA

1.3.8  XF AU H 41 e OPG . RANKL . RUNX2 # H #
KA 52 X A K MC3T3-E1 Sub-
clonel4 40, LIBEFL Sx10* AN R T 6 FLk
H 1E 37 °C,5%CO, B354 B E 24 he BRXTR
A TERIEFRWAL , HA e 4 A & A 6] it
SR AR AR S 8RR E 72 he AR5 R
WAL, EMET 1.5 mL B0 R, B8 08
A 40 Wl RIPA 41 24 ff 0, W FT 800k, & vk
24 15 min, AR5 MBSO HL 12 000 1/min, 4 °C,
B0 10 min, B EVE W, A BCA 1k 0
TR B B AR R R AR O A B R A
R HIF ¥ el in A Loading buffer, 100 “CZ&# 10
min,4 000 r/min 50> 5 min B _E W B E SR EAT
SDS-PAGE HLUk S G I, % IS, 5% i B 4= W i
WWEE 1 h, H—PifE—& LBl 4 CHe i F o
W, S P EREGEE 1 h, i HZE 2K Bey-

oECL Star(hf# i ECL fb°7 & 6l & ) B2 f
R T R, A RO R A, W%
i IR IR T
1.4 HEZITHH

IR LS B b o 22 7 3 | I SE T
AT A Graphpad Prism 8.0 #4724k 70 41 , >k
AR 5 25 70 B (One—way—ANOVA) #1712 41
e, S5 SR FEARUE R . P < 0.05 RRZET B P
<0.01 Em2EFMBE,

2 FR
2.1 HRRAXS AR B4 B B 5 TR 1 R B2

B AN A A g T A . A fe a4k 3
AHrBE, B GRS MTT A0 SP X MC3T3-E1
Subclone 14 41 0 ¥4 58 G P A 2w, Qi 1 s, 5
XF R AH FL , SP R 20 M A7 3% B 35 3 AR

150r e 150r 150
S T * ) E = <
8 % 8 L I S
2 L i / 3 n T 100 : 1 &
el Ll ¥ § 109 e ¥ 2 {HAY
2% é 23 N 2% sl |} é
g2 g £ 0 N E¥e : g
i / 3 TN 2 | g
= % = N = : /
oL I é [N i § 5 é B
o S O N O v S D0 P S L OO OO P
TIPS PSS NN NN RN NN N SR
SP Joi i ¥ BE SP Joi i ¥ B2 SP J5i 5 e T
Mass concentration/mg-mlL™ Mass concentration/mg-mL™ Mass concentration/mg-mL™
(a)24 h (b)48 h (e)72h
WX HREAAR L, *. P < 0.05;%%. P< 0.01;*%* P<0.001,
B 1 $RALk¥F MC3T3-E1 Subclone14 4 Bl i 58 2 &9 5 i
Fig.1 The effect of SP on proliferation rate of MC3T3-E1 Subclonel4 cells
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o IR SR T 40 ) A K B e TR T LR B
SP Jit 2 ¢ B2 AE 0.02~0.1 mg/mL {5 [ P9, 2 3 A
HEARRRIGE S, SR B W 0.05,0.1 mg/mL 1)
URARALHE 24 h J5 , H A0 M S 55 25 53 50 130.04%=
3.80% (P < 0.001),115.34%+0.76% (P < 0.05) , 4
2 F 0.02,0.05 mg/mL Y UFREALBE 48 h )5, H4 4
ROy WA 117.73%+3.88% (P < 0.01),115.88%=+
3.71% (P < 0.01) , #F K AL H 72 h J& , 53 & ik 5
0.02~0.1 mg/mL 2% 21 200 it 3% 58 R A7 Br ¥ fm, Jc &
FMEER D YRR E KT 0.1 mg/mL, 4 44 5H
REAL, B AR ISP 7E S FE R 0.5 mg/mL il
1 mg/mL I 40 7 A [ B 6] BE 20 39 58 sk B
0.02,0.05,0.1 mg/mL 3 4>t & vk FE i 47F — ik
2.2 EREAXS A B 4HRE ALP & 71 ,OCN #1 COL-I
BENFI

B 400 MC3T3-E1 Subclone 14 {431k 2
— ™ I [B) R R, %€ 0,0.02,0.05,0.1 mg/
mL BT BT AN A 43 T A R IR 5 15 S o A 3
FREILEMEH 3d 1 7d 5, X ACE 4B ALP 15

20 7. 1000
. a0
S 150 & 800
5 pul
= @2 600
e 10 Z o
o S 400
“E s £ 200
o 0 o] N O LEE e
00 10 0.00

SP J5 i R
Mass concentration/mg-mL™

(a)

SP i vk L

Mass concentration/mg - mlL™

TR, &5 R UL & 2a, URBRALER 3 d J5 , 50 Y
A EL ,SP & M40 ALP % /10 Bl B E 4R T
(33.33+0.64), (36.07+7.15), (2544+11.75) UL (P <
0.05); HFAKALEE 7 d J5,SP £5 B Wk B2 40 ALP 1%
T B ERE T (12.88+4.28), (18.04+4.25),
(15.19£1.73) U/L (P <0.05), k4% 9 B 4 Ja)
ALP J& 1 LB & 22 5 (P> 0.05) .

AN Ta] ik 3 AR 43 7 5 2 AR K 8GR 40 i OCN
I COL-T 7 5 B9 % i 4 &l 2b—2¢ i, SP T il
7dBF, 55X, OCN /Y& & Frddm,
WEMEZS SP TH 14 d B, YRR E N 0.02,
0.1 mg/mL B}, OCN % & & 2 $& & 17 (205.28+
49.21),(132.87+33.42) ng/L(P<0.05); 4 i &1
JE 4 0.05 mg/mL i ,OCN & &4 g s, T
PE225E 0 SP T 7 d,7F 0.02~0.1 mg/mL Jii ¥k &
TN, COL-T & 54300 1 45 i 17 (10.90£2.47) ,
(8.86x1.13), (6.26+0.26) ng/mL. (P < 0.05),SP T
il 14 d W), COL-1 & &0 W F 8w 1T (1141
1.78),(11.45+3.14) , (10.58+1.30) ng/mL, SP 15
7 d B, COL-T 75 it B v 5 T v T 22 M2 R AR

Em 7 d
=14d

o 60
g
i =
4"3,41 40
T8
S ' 20
J -—
=
il
1 B3 5 oLz : =
0.05 S 0.00 0.02 0.05 0.10
SP i vk
Mass concentration/mg - mlL™
(b) (c)

ARG FRARFA ) 22 57 1 3 (P < 0.05) MW /NG FREAR R 4110 2 5 48 W25 (P> 0.05) .
B 2 AREHERI RS M ALP(a) OCN(b)#1 COL-I(c)& =13 m
Fig.2 Effects of SP in different periods on ALP (a), OCN (b) and COL-I (c¢) content of osteoblasts

2.3 N[5 B HAHRBA X A B 4R B AT 4L B R T
AP35 3 AR RS TSR AR A L 3 A A B0 ) ke
PEAR S, R BB BE T AL, 5 180 E 4 i Al 2
—EBT B, HAR AR R i AP R T S B T
Y XY RS F P R LUk
HEFUPH) Ca™ MBI W — R 2L G AL a9, il
WLEAT A 45 1 A4 JCRE 4% S Nt A 40 i o1k

AE 1. MFIKALEEA LA S 21 d J5 , PE R AL g fa A
WA T AR B S5 2R 4 S an i 3 AL 4 s, il
Ui S-S LN SN ata R B e F A W ERITIY AN 1 | SR TR et
T, SXTRRZA AR L, SP T A IR A B A A 45 Y T
BUM X F X A I T 7.03%+2.61% ,8.74%+
1.70% ,20.54%+2.33% (P < 0.05), #" k457 i fX
Bl SP v 52 38 A0 4G K, 5% 90 7] 2 AR 800
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(b)0.02 mg/mL. SP

,

(¢)0.05 mg/mL SP (d)0.1 mg/mL SP
B3 AREAMNEZALEE

Fig.3

2.4 SREAXE A B AR Sy AR X B E mRNA &Rk
b A )

K 7 AS [R) MR B SP skt B 40 A 43 fk A O 3
ALP .OCN Fl COL-1 FRik 257 25 R Kl 5
JEw o 5% BRZEAR L, 45 a0 4 350 B8 02 0 mi B 440
IR SC L Ry ik, BN 0.02 mg/mL

N
n
1
—
n
1

a

_T_ab

Images of alizarin red staining in different groups

40 _
a
S T
g 30|
E[é <
[}
EZ
e
\
=% c
=3 T
w0}
:
=
L 2
000 002 005 0.0
SP i 4k vk 2

Mass concentration/mg-mL™
TE A FNG TR A 22 5 B3 (P < 0.05) , # 7 /NG
R AL 22 5 8 W35 (P> 0.05)
4 AEHEBTHETER

Fig.4 Mineralized nodule area in different groups

i ALP FI COL-I W R ik i 43 Bl b 38 & 1
0.78+0.16 A 1.33+0.18 (P < 0.05), f¥ 0.02,0.05
mg/mL iR E T 6 ALP Ml OCN W3R ik &t
PR RORELAE ,OCN 13 323k i 3545 4 v, TC
BEMEESR,

COL-I mRNA #ik

i |

5
3 20
l a
373 £ ab %) K ==
'z ® 5 10
= % 15} 2
z & b < %
=z Z £
»
s o = &
o= OF 9
=F T
O
£ 05} ¥
2 £
& ool L £ 0o+
000 002 005 010 0.00
SP 5T i e

Mass concentration/mg-mL™

(a)

0.02 0.05 0.10
SP J ik vie S

Mass concentration/mg-mL™

The mRNA expression of COL-I
&

0.00 0.02 005 0.10
SP i ke J&
Mass concentration/mg-mL™

(b) (c)

TE A /NG 5 B A 0] 28 53 8235 (P < 0.05) A ) /NG BRI 22 57 AN 35 (P> 0.05)

B 5 HREAXTR B4R ALP(a).OCN(b).COL-I(c)mRNA 3&ix i
Fig.5 Effect of SP on ALP(a), OCN(b) and COL-I(c) mRNA expression in osteoblasts

2.5 HREkXT OPG.RANKL,.RUNX2 £ & mRNA
FKiEKF R

HE— 23 it QPCR A AR 43— o 4 R FROG)
MC3T3-E1 Subcloneld 40 ffl OPG .RANKL VL }
RUNX2 3 mRNA ik K -1 52m, 25 % el 6

JiiR . 4 SP i e 2 4 0.02,0.05 mg/mL B, B 3%
5 T OPG .RUNX2 3£ K mRNA ik K-, 4 5
P T 2.08+0.34,2.94+0.16 F1 1.05+0.20,0.97 +
0.20(P < 0.05),7¢ 0.1 mg/mL I}, JC & 35 1 2 5,
XA, R84 RANKL 3K mRNA %
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ik K ¥ A B B IR ,SP 7E 0.02 mg/ml, B, X
RANKL H:H mRNA 235 B il 7 A 250k 1%

X7 0.67£0.01(P<0.05),

'415_ oN
2 S
ES- i a 5 3
a S
. 5 = = 5 =
n :
# 2 ®3 0Lk w3
#® s §-§ éé 2 |-
<Z,:j%3 %i ..... mé b
[N g =
oo 2% oost St
QO < = < = <
Sz < 7 ISP
vﬁgl = =~
E =
éo 200 1 1 ] 2 1
0.00 0.02 0.05 0.10 & 0.00 0.02 0.05 0.10 &=

SP ik

Mass concentration/mg - mL™

SP BT i i
Mass concentration/mg-mL™

(a) (b)

0.00 0.02 0.05 0.10
SP B i 2
Mass concentration/mg-mL™

(c)

AR ENG PR R AL ] 22 5 W3 (P < 0.05) , Ml /ING AR R 4L 8] 22 % K B35 (P> 0.05)
B 6 HRELF OPG(a).RANKL(b).RUNX2(c)EE mRNA 3% 7K F /)50
Fig.6 Effects of SP on mRNA expression of OPG (a), RANKL (b) and RUNX2 (c) genes

2.6 #RALXT OPG.RANKL.RUNX2 & B & ik 7k
9 RN

Tk BT & ¥ A 0.02,0.05 mg/mlL R 8 W
BPIA, FIH Western Blot 32 i — 25 46 M 1K 43
TR AR AKX OPG RANKL DA K2 RUNX2 % 14 5%
KKy sE R 7 s, SXTRRAIAR L,
SP Jf 2 ¢ B M 0.02,0.05 mg/mL B, OPG & 1 1
FIRIKF B R T 1.68+0.08,
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Effects of Shrimp Peptide on the Proliferation, Differentiation and Mineralization
of MC3T3-E1 Osteoblasts

Xiang Xingwei', Shao Wan®?, Shu Conghan®?, Li Jinhong', Chen Hui', Deng Shanggui’, Zhou Yufang®
(‘College of Food Science and Technology, Zhejiang University of Technology, Key Laboratory of Marine Fishery
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Abstract Objective: To extract shrimp peptides from the by—products of red shrimp, and study its activity in promoting
the proliferation, differentiation and mineralization of MC3T3-E1 cells. Methods: Firstly, the MTT method was used to
detect the effect of different concentrations of shrimp peptides on the survival rate of MC3T3-E1 cells. After the concen-
tration was selected, the osteoblasts were induced to differentiate and culture, and the alkaline phosphatase (ALP) activ-
ity was measured at 3 and 7 days of culture. Measure the content of osteocalcin (OCN) and type I collagen (COL-I) at
7 d and 14 d. Alizarin red staining is used to detect the degree of mineralization of cells induced and cultured at 21 d.
QPCR and Western blot are used to study the expression of key genes and the proteins OPG, RANKL and RUNX2 in
bone formation in the OPG/RANKL/RANK signaling pathway. Results: Shrimp peptide mass concentrations of 0.02, 0.05
mg/mL, and 0.1 mg/mL significantly promoted cell proliferation, ALP activity, OCN and COL-I content increased com-
pared to the control group, and the area of mineralized nodules increased significantly (P < 0.05). Shrimp peptide up-—
regulates the expression of ALP, OCN, and COL-I genes, promotes the expression of OPG and RUNX2 genes and pro-
tein levels, and inhibits the expression of RANKL genes and protein levels. Conclusion: Shrimp peptide can promote the
proliferation, differentiation and mineralization of MC3T3-E1 osteoblasts, and activate the OPG/RANKL/RANK signaling
pathway to promote osteoblast differentiation and bone formation.

Keywords shrimp peptide; MC3T3-E1 osteoblasts; differentiation; mineralization



