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Phosvitin Phosphopeptide and Its Calcium Chelate Promote Osteoblast

Differentiation in A Double Cell Co-culture System

ZHOU Congcong, ZHAO Mengdie, LI Songming, MA Meihu, JIN Yongguo, HUANG Xi"
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Abstract: The regulatory effects of phosvitin phosphopeptide (PPP) and its calcium chelate (PPP-Ca) on osteoblast differentiation in the
co-culture system of osteoblast (MC3T3-El) and osteoclast precursor (RAW264.7) were investigated. Cytotoxicity, alkaline phosphatase (AKP)
activity, tartrate-resistant acid phosphatase (TRAP) activity and TRAP staining were analyzed. The mRNA expressions of RANKL/OPG
pathway-related proteins in osteoblasts were further studied by RT-PCR. The results showed that PPP and PPP-Ca increased the AKP activity in
the MC3T3-E1 system by 9:5% and 12.7%, respectively. In the MC3T3-E1 system, PPP and PPP-ca increased the mRNA expression levels
from 0.92 to 1.25 and 1.39;, respectively, for OPG, and from 1.00 to 1.23 and 1.45, respectively for RANKL. The results of this study showed
that PPP and PPP-ca could effectively promote the differentiation of osteoblasts. The experimental results provide a research basis for further
exploration of the role of phesphopeptides in the multi-cell model system and the development of functional activity of phosphopeptides.
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HHSWE N NARGE M BB G, 5 A g
REAEERZ S, M R AAEAZ B AT Wi
TWAE o B BUBRAA & — M LU B D B et 3G m oy
FHIE, B olRadrite s rtainm. EikiE, FRE
50 & L EINEE, AL 20%M N EH B RS ES
B, HAOWFE—HEI ErbasA, wT L hn
S L 35 5 4 s o 4 O S 3 R A 1)
TR,

WEFERIL, BB T R 4n i A B 4
MR B A I A KA A EEAEA, efila
TERR— DA PAT APt 72, B BB 40 M WA RFAE
RIF AT RIRER . BBy . 45 R A A
BT AR R B AR ORI B A PR AR G IR T T i
SEWES, XA SRS, SRS THRE
B, BAEEE, Wl AR, Xtz
FIMERER . R TB SZABEERLAE (RANKL) /H
#1%& (OPG) i@EE. WEMEE (ROS). ZFEKETH
FAAH SCTRIRE = i Sl s 1) =

YUEEBEEE H (PV) SRR i s B o
BT ORAE S B G B B8 AR R B I AR T I R i T
RIEHINA R OB, Rtk E s E A PV 55
IR BT SRR RE Y] . PV S BER S TR
— P RLIIKA 5T A B B e e 2R 1 BERR K (PPP),PPP [l
HZRWUBE PRI MER SR A, T
FUASERFES, O LU0 UE R PPP m] B35 H2 AR KR
BRI ES RS A= e (1) T 2 T BRER IR (CPP) RN —
Fh S0 BERR AN H1177), el (k2R %) ) LS ok
IR, A —FloB B g 1 B s i ifls. CRk 7z
ISINE %)) LY A ORf £ 5 R0, PV & FAR S
PR A FE e i IR B B, B 22 O W R R 1415 PPP L
At CPP HEsm I FF S AE I, B ET, PPP HIWF 7T IE AL
TESEIR I B, A R RN — BB T & A N .

AU HASEE0 % CUIESE PV Al PPP GE{2 1 MC3T3-El
RIS TE . A ST U IEE ST T PV O
Tl B BT R 20 L RAW264.7 FIPERMLE], EZ&dd T
i TRAP )70 WhE PER 521 RAW264.7 41 73T X
B A, {E3<F PV Al PPP 7E B E 41 B A 41
ML B 1k R AR IS R WARE . i E AKP.
TRAP K153, LK s 4 RANKL/OPG i#
P RT-PCR ik, #t—PHt5t PPP Al PPP-Ca 7£3k
BRIk R o0 R A s . TSR KR B
B SR ASLAUM A A o A A ELAE R A S, ARt o
377 MC3T3-E1-RAW264.7 435554k &, LUE
— B4R Z PPP I PPP-Ca 1E 3ub5 7744 & Hotsf i 41 23
faiial

1 MR5REE

L1 AR5 5 A

1.1.1 B#

PV M= HIS. ME gl (MC3T3-El cells)
AR AT ARZ0 L (RAW264.7 cells), B 384
AR PR A A $R 4.

1.12 &KAl 5%

[ ks . KBry NaOH. CaCly, [E 2541k,
FIERATR, HHER. 85 K. o-DMEM 7%, %
[ HYCLONE A #l; JEHEER (EC3.4.4.4) | KR _
S 4. HEPES. MTT, ~ H MK, ZEE SIGMA 2
"l JAARIE . 0.25%BE-EDTA, ¥ GIBCO AF;
TRAP Z4%. TRAPVEMERA & . TMEBEIRES (AKP)
WAV, PR AEA TR AR
1.1.3 . AH 5t &

HERAcell 1501 % b 1% 75 46, 1% [E Thermo
Scientific AE); 1X71 PG E EH%EE, HZA Olympus
AF) MS104S/01 34T P, HilgiRrE-ER 2408
AR A7) iMark FEFRAC, BRABAMIRHCH R A 7
TDL-50B & & fK# 5 .00L, iR 222
Option S7 #B4E/K 24, J<[EH ELGA A #]; DL-CJ-2ND
TR S, M/RIRARBE TR KA IR AR s HH4
B B EIR AR, DU TR IR ST E A A
EDC-810 RT-PCR 1%, ARMAIH AR AR A A
QuantStudio 6 SEH] ¢4 E & PCR 14X, ABI; Nano-100
R EE T, DU BB A R AR LS-100HD
K AR, BT T R & E R A .

1.2 R F &

1.2.1  iRBLH

Y0 MOV AE W T4 18 DMEM: i 4 1ML §% : DMSO=
6:3:1 RFIELECH], IHBCILA -

SRR (m/m): 89%(F) DMEM, 10%[Ifi 4"
M3, 1% (100 U/mL F8Z A 100 ug/mL #5
F)o 0.22 um L JERLIE, 4 CHEfF .

BCE IR &4 50 pg/mL ) L-HR R Al
10 mmol/L [¥)B-H B R NI 52 A IR 2k
1.2.2 PV. PPP. PPP-Ca #9#]%

PV RIS BRI, EENIIN 2 AR
KRS, JOnE, WETEDE. H4
2% AR LAY m=10% NaCl A1 0.06 mol/L NaOH (pH
8 11.3~11.5) I FAYTIE 5 min, FFH 5 mol/L HCI
AT pHAEZE] 3.5~4.0, O 3 EAARFKE ., WidE
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RIEW. EIELER, B0 R ISR TRE PV,

ARG = O DR 3R SRR 8 T B RV R
B FAT B &L 2 000 U/g BARAT(E] 24 he R4 EEMI0T

(GEIEEOREEREE AR S G MEEEE

AL T PPP-Ca [ G %% (pH A 9.5, K45
7:1) USl, PPP Wil &S ISR i m b ek, adid
ERFE (HTMP) X PV #RHEAT PiALHE . ic )
10 mg/mL [ PV &, V875 pH {H 6.5 J5 R H & K
WX PV 4T HTMP Ab3, HTMP FiAbE 244 -
JEFE 121 °C. JE 77 0.1 MPa. IF[A] 30 minl'®), 3440
IR F R 2 B G i 2% PPP, 32 IR 5 )
EA 1:50 Gm/m) IONIEE ARG, 877 pH 15 8.0, 7E
37 CREGME 8 he BHJEAEMAE 100 C T /KK K
10 min. KRG/ P HERBE E OB PV HEATHERE, 1%
MR 58 A LA 2 000 Ulg I JEZR IR, 1817 pH {H
6.8, 1F 68 ‘C FEFf# 24 ho #F—57F 100 'C N /K K
10 min J5 %1433 PPP.

WET 5520 PPP S T LB 7K, AR
10 mg/mL AR, VL RESEEL 7:1 (s
0.1 mol/L CaCL V&7, Y75 pH{H 9.5, & T <M. 30 min
53] PPP-Ca.
1.23 miaiEik

X MC3T3-E1, I\ m=0.25%5H 37 °C W4k 3 min,
Fsea it it byl X RAW264.7, IIASE4R 7R
5, AT TR GEER) RAW264.7 ZHAE] F JG2Em
FhEMBL LR 1:2 Fefgl /i, NI 3 mL Se 4k 974t
T 37 C CO Bs R s 7. MBI % 3~5 18
DRI MG 1 BT, AbFA K s T SR
1.2.4 MTT &N a0 2 M

RIS AIULL: @ A4l BEFRBEMTT 3 @
STHRZH: BRI MTT R4t G2aZ5401: PPP (1.
2. 4. 8 mg/mL) HEFHEHAMTT VR+4ifin; @4 2454 2.
PPP-Ca (1. 2. 4. 8 mg/mL) +EFRM+MTT 1ATR+2H .

HO6 B4 K31 MC3T3-E1 F11 RAW264.7 4,
PLERFZETF 3x10%~5x 104 A 40 B2ty 100 pL A 96
LB FRMR, BUEAE 37 °C, 5% COa, 1B 90%[H1H5 77
A E 24 h, QMBS G, RN E A A
B G FE B RE B 0 8 238 100 uL (R DIRE B T2
0.22 um JERRLLUE) . B59% 24 h 455, WFRIHEFRIE,
FALIMAEH 0.5 mg/mL K MTT [ 72 I i 55 77
MEM 200 pL, 4k8:559% 4 h J5, ROTRERIM & FiER,
FLIIA 150 uL DMSO, =i FEFEIR F7E% 10 min,
FEOT RS A SR T R RO o E IR S e A
RS 570 nm B, WE SALUBOCEE. SHIREE
3, BCPHIE. %L FARIHEAIIEE R (B, %):
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Al m=1%%E5 2 1\) DMEM E;9736 8598, BT 37 CH
PEFRH 5% COL WIS TR BRI 1 IR, Frorit
NS B A

MC3T3-El 40 RAW264.7 40 DL 1:1 (B4l
JL R 535 P N R R TR S0t AN, Bl g N R = T
5x104N) F12:1 OB ZRR PP AE 2 FE 2t 1<10°
A, E A Y RRETE 5 < 10N ) B B9 3 R T 6
. EF37CH 5% COx FIESFEAE T . BE 45y
WA RANKL A FREME (5 RAW264.7 FA% 05 41 it 1)
L BB R b, 5597 7 d, WTRE AT S
1.2.6 #Emiaey S

I8 TRAP S R G U B AT 4 8, 4t
F-PBS 2 i i e J5 i, TRAP [ € Wi 4 °C [#] &
30 s~3.min, 7K¥E, JE 3 min, JIA TRAP ## &,
BT 37 CiRME, BOLRZYE 45~60 min, Kik. HARE
F4L3 min, JK¥E, BT, B S, TRAP REBKERY
HY PR AN oI, S A AR .
1.2.7 B GRER R EE (TRAP) &M<

PeRaE, & 2 d EHOEERE IR — ORI R
FE 1) PPP A1 PPP-Ca, $L853% 7d )5, WCEEANES -,
1000 r/min &§.C> 10 min, EFRAEMTTIE S, FATHA
PR TR PR TR B TR I o Fc HEARF G Ue B 4, K
UMK iR A 7238 Big, 7R
5)J5 37 “C R B 30 min, BUH I bR 28 13 s v,
F 530 nm 4, 1 em, MEETOGE.

,290b-0D, 1 ¥y 2)

£ Ixt W

K

u—TRAP % 7, U/L;

——Z EMMERBAREK, H 12.8<10°L-pumol'-cm;
—b & k42, cm;

BB A, s

Vo— B R ik BARAR, L;

N—=mtE, L;
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1.2.8  #&PE 5B 5 (Alkaline Phosphatase, AKP)
& A
WEILH R 7 dE, WEMREE K LIE,

1000 r/min £5.C> 10 min ZFRAMITIE )G 4T AKP i
PERGCIN . B8 AKP 3 HERGRI & U HAE, R
R 2 il L AN IR0k 138, RAMIR SR 37 °C
T E 30 min, BUH AL BB OB RS, T 405 nm
A E RO FE

1.2.9 MC3T3-El s F @i = RAW264.7 E "%
mp kIR 7 ey & & A B RT-PCR

TSl Trizol VEHREX RNA, FE4HMURES AR
1 mL Trizol 77|, AHAWKITIES), # % JE RNase [
1.5mLEP &, ZUfiE 10 min. F&HERF S0 HHEE
KRNA J5, CT-80 CUKFENIRAF LA . 35 RT iU
SR cDNA,  HJ SEI 2 e & PCR Al . R DRI
WA 5Pk 1 iR,

®15HFTIR

Table 1 Primer sequence

Gene Primer Sequence (5'-3") PCR Products
Forward CACGATGGAGGGGCCGGACTCATC
[f-actin 240 bp
Reverse TAAAGACCTCTATGCCAACACAGT
Forward ATGAAAGGAGGGAGCACGAA
Mus RANKL 168 bp
Reverse GAAAGCCCCAAAGTACGTCG
Forward CCTGCCTGGGAAGAAGATCA
Mus OPG 227 bp
Reverse TTGTGAAGCTGTGCAGGAAC

1.2.10 #kB4s2

FT ARG BE K SPSS Statistics 2R/ FHET #LR =
Ji 2T, RS E ATkl AT 2 5 b, p<0.05
NEFRE . [ Origin BAFER .

2 HER5VHE

2.1 wmie IR

M 1 BT %1, MC3T3-E1 400 (a) fE45d PPP Ab
24 h J5, 4HMIETES AN 95.53% 95.25% 94.79%
92.93%, £k PPP-Ca AbFE )5 , A HIEPE 73 A 94.49% .
93.11%- 93.00%. 92.68%; RAW264.7 4iiffi (b) -4
it PPP AbER S, AHARTEVES A 95.35% 95.70%-
92.88%- 92.23%, 23 PPP-Ca &7 5, 4RSI
N 96.78%- 95.70%- 93.10%- 92.82%. 4HHEIETEY R
LT By, H A i A S 1 3 e T 85%, it
#§ PPP Al PPP-Ca %} MC3T3-E1 41l ffu fil RAW264.7 4]
MO A SRR, FTH T REHA% .

1 pppP

PPP-Ca
100

80

60 -

40t

Cell viability / %

20

FUEIRE / (mg/mL)

EZ4 pp

100

80

60 -

40t

Cell viability / %

20

1 2
KR / (mg/mL)
1 NEIERERE PPP 1 PPP-Ca X MC3T3-E1 (a) ZHBEFN
RAW264.7 (b) “BRERVZARRESIE(ER
Fig.1 Cytotoxic effects of different concentrations of PPP and
PPP-Ca on MC3T3-E1 (a) cells and RAW264.7 cells (b)

22 WA RBEHRERE

13 8 BB W8 R B MC3T3-E1 4H i (40 e 25
SEMGEEILF4EIR, T RAW264.7 248 JAE K204k 12 [
o AR A . 3E4T TRAP Jettn] LI 82
FI| RAW264.7 A0 73 AT il i AR R TR A 224

W 2 fis, MC3T3-E1 40 A1 RAW264.7 41 ()
HEREFRA R, RAW264.7 4HH0AAFRE K, 4 R
B, XEHT MC3T3-E1 04 RANKL [H-1-A]
LB 3T OPG/RANKL/RANK il i ¥ {5 5 1% i 4
RAW264.7 4008, HEMETT RAW264.7 40181704k, 1
i RAW264.7 HAZ I BG4 M 7] 22 4% BN - A 2344 o
SHRIRIHR I TRA IS : TRAP Jeta ), 4R
WRBR, =AU AR, AR Sk
BRI o A eSS %2 3] 1 IR LS IRk R
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A, RAW264.7 JHfRERL G, RRRAER, N T
DEEelion

a

100 pum

100 um

2 MC3T3-E1 £HBFN RAW264. 7 MR EFR Y TRAP 26
Fig.2 TRAP staining of MC3T3-El1 cells and RAW264.7 cells
co-cultured

72: B a X MC3T3-El mfe; B b A4 MC3T3-El e
+RAW264.7 e (2:1); B ¢ 5y MC3T3-E1 @/ii+RAW264.7 1
fa (1:1).

23 BBk B N T

BRI IRIE (AKP) 2 hUE 40 S0 A b B gy
WAIRR SR, TE 05 W R K fgAa ML R IS AR 50 i
BEIR 5 5 AL 45 SR BT R0 | s g
AKP E RIS R a0 3 BroR, fEH— MC3T3-E1 il
B4, PPP 1 PPP-Ca ZH 1) AKP 35 PE 2340
2.07 4 EKEAA7/100 mL A1 2.13 4 FEA7/100 mL, 555
T R ZH T 1.89 4 IR FLAL/100 mL, X 3K B PPP Al
PPP-Ca AbFEA] ARk R 40 AKP 7 k. — T3 1M,
PPP #1 PPP-Ca 715 2 [ R AL 13958 |5 MC3T3-El
YA EAE ol MC3T3-E1 40 1 32 744
S5 R TR TR, R 4 ks 5
—J5TH, X AL RN Ca? 55 PPP I (1M BR L [4] 45
&, HH5 8 MC3T3-E1 A& AEAH BAER, N4
TEFRAE T R E M AL AL, TN IniE 7 MC3T3-E1 40
JRL AR A0 AL 72 & B, I 0.14.0.3+ 1.0 mg/mL
N R = = R i R 3 ] T v | R
MC3T3-El 4iiffl 5 RAW264.7 401 (1:1) 3z sE4k
ZH, XFHRA AKP 3N 2.06 42 [CHLA7/100 mL,
227t PPP 1 PPP-Ca 4B (1) AKP 35 FF+-3 2.39 41K
HA7/100 mL A1 2.79 4 [RHLA7/100 mL. MC3T3-E1 4
il 5 RAW264.7 40 (2:1) KISLEEFRIA RS, AKP i
PERIL AR FE P X TUEE, PPP Al PPP-Ca 1 g
o AKP iR, Bl SR EARR P
MC3T3-El1 #lifa s34k, FEER T BT 1. B —
MC3T3-El 402 f1 MC3T3-E1 4ii}ii 5 RAW264.7 41 il
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SERTRR R Z B AKP 35 VEBAT K KZ ST, RWIFEK
ENR R T RE T, B ARG R R AR

2 B
T E VR o
[~"1Control
~ 30T m=mppp
E ;5| EEEPPP-Ca
g2
(=}
= 20f
El
£ 15F
2 10t
£ ost
<
0.0 < 2etet
26 RA\N'L()
ot

415
3 PPP F1 PPP-Ca Xf MC3T3-E1 ZHRRIFN RAW264. 7 LHARZEIEFR 14K
FH1AKP FE IO
Fig.3 Effect of PPP and PPP-Ca on AKP activity in MC3T3-E1
cells and RAW264.7 cells co-culture system

2.4 TRAP & A=

B BN RAW264.7 20 il 76 T R B 4i i J5
29 TRAPB, [Ht, v TRAP BgiS3Ron ik & 40
HTE PR, [ 4 R TCIC 2 AE . — RAW264.7 4,
A MC3T3-E1 400 fll RAW264.7 4 i (1) 3 55 77k &
W, ORE AL IZE Y TRAP BVE ) BB T XA, *
Y PPP F PPP-Ca, ¥Jn] .44 TRAP (51, B
FRM, PV [FEFEA LANH RAW264.7 1504k, MIifE
TRAP BHGFEK.

FEF.— RAW264.7 4HdHh, 25 F 20 ot HEL )
TRAP &4 5.78 U/L, ¥s/n PPP #l PPP-Ca 141
TRAP %1 FF&A 3.01 U/L M13.32 U/L, 43HIBEIKT
48%F11 43%. fE N EFEFEF, MC3T3-E1 4iffife
53U B 2 RO, AT S M 2 A ) A
SR, £ MC3T3-E1 4iiffl 5 RAW264.7 4ijfg (1:1)
LR FRR R, XTI TRAP {E0 4.26 UL, kT
H— RAW264.7 U % FRZH TRAP 3614, RIAILEEH
& MC3T3-E1 202 % RAW264.7 40 fitd 73 i
TRAP 45000, ¥I07 PPP Fl PPP-Ca LR H 4,
TRAP 13— 58K 5] 2.69 U/L #12.46 U/L.MC3T3-El
4l 5 RAW264.7 4 (2:1) FFLEEFRIARF, PPP
A1 PPP-Ca (I, 1§ TRAP i&H1EM 5.08 U/L PEILE
1.72 U/L f1 1.60 U/L, FEHRIAE] 66%F 69%, L 1:1 f&
R PR K. KU KI, £ MC3T3-El 5
RAW264.7 FEREFRAFA T, IR FERR B4R B

(20, 100, 500 pg/mL) J&, HEEFARRAFP) TRAP IF
2P ETHE FREMAR L, 20, 100, 500 pg/mL [
TRAP 155 5 5t HEZH I 187.8%-168.9% 5 25.6%122,
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[~ “1Control

_ 6r & == PPP
S B PPP-Ca
a a
My 4_
R
$T3k
(=9
= 2f
=
1+
0

2641 e aeh
RV AR 2 +?~P*\N7'6A
tEad 18
N\C3 N\C’S
A5
4 PPP F PPP-Ca X MC3T3-E1 ZHAEFN RAW264. 7 AAFL ST {4
Fh TRAP SEMERISIN
Fig.4 Effect of PPP and PPP-Ca on TRAP activity in MC3T3-E1
cells and RAW264.7 cells Co-culture system

2.5 PPP #Fu PPP-Ca #f £ 3 51K % # MC3T3-El
40 f By OPG #2 RANKL #t [ mRNA % ik ) %

e

I RT-PCR $ ARG TE MC3T3-E1 il RAW264.7
AR IR R R ECE AR E R & (OPG). XA
TxkB ZIEH T EA (RANKL) K mRNA £ik
22, K s5a hrfE IS 7d J5, §i— MC3T3-El
YifuZrR, PPP 11 PPP-Ca 41ff) OPG mRNA ik & 7
A8 1.25 F111.39, fmFxd2H 0.92, 32 B PPP il PPP-Ca
Refe it OPG JERI LI . [FEREME 5b s, 7R —

a 4.5 - RANKL: Control 3 PPP PPP-Ca 42.5
4.0 OPG: 28 Control [E558 PPP B8 PPP-Ca
35
3.0
2.5
2.0
1.5
1.0F g
0.5

RANKL/g-actin
OPG/p-actin

Group
C Control PPP PPP-Ca

vers= [
MC3T3-El+
RAW264.7

MC3T3-El £7%4& %41, PPP Al PPP-Ca #1 /) RANKL
FERRIEE N 1.23 fl 1.45, w54 1.00. 7EHLRS
FEFR T, OPG IRIEERZE(KT H— MC3T3-E1 4
Mtk 2, BB RAW264.7 Rediii MC3T3-E1 41/
OPG mRNA [JKiL. KRR NEILRE AR, 23]
RAW264.7 1% & Hi A4 20 L 00 300 8, s B 48 Bl 43 6
RANKL, Jfidid 568 piAadiiE RAW264.7 K H 5214
RANK 456, FB B A0 r) 04, WIS 0 Bl i 41
MIEEE . R, (EEEIRIA R T OPG RIAZ R —
B A G (EAHE TR R 2 (I X R4, PPP
A1 PPP-Ca /542 iy 1 335 7% & & ) OPG Al RANKL
mRNA [k &, XM PPP fil PPP-Ca fEH—{K R
FFLRF TR R RE(E E OPG Al RANKL [HFKIA .

OPG A itk B AHR (T B Fn 34k, 5 Sl 4
JE T4, OPG Hll RANKL FE[F mRNA f3R1E/K-T-6E
SRS H O e 240 P2 1 Y, OPG/RANKL LU AH =i,
B B4 41k ; (OPG/RANKL LLAEAR, (EdtmiE
YA b Ah SEEEFRIK R R, S 4. PPP A
PPP-Ca 4b# K OPG 5 RANKL [JEL{E A 0.09. 0.16-
0.18, SI LFFH#EH, KU PPP Al PPP-Ca AL EERERS
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