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1.1 #E5iKH

K Lei "y 7 il £ B0 s d R 1, A4
1 B8 g 2 I (Caco-2 cells) , H 2 B0 i T8 A= i Bk
HA R A AL Bl F 8 (alkaline phos-
phatase , AKP) 7 4 £ I i 71 &, rg st 2B 9 T
FERFFE T JRAR B AR A A TG, 55 [ En-
zyme Co. Ltd (Elgin, 1L, USA);MTT .DMEM %
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0.25% M (7 0.02% EDTA) 58 EX-4H %, %
Hyclone 23 &) ; it 2F L7 (FBS) , ¥ GIBCO 2
Al
1.2 FENHFMIEHF

fitg A5 A, K AR A B BCA BR A A JSM -
6390LV 94 58, H A NTC A Al ;HERAcell
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A IXT1 9868 & B s, H A Olympus 2 A ;
DL-CJ-2ND i TAE &, i R IEAR B PRI
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3] s HH-4 F05 i e R KV A, U SCTT T 4R 4R
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e SRS YE S
1.3 REAH*
1.3.1 BPE s wh i A IR AR il 45 PPP 2 4% i
Ji S T A 1 IR AT T — S B PV iE AT
HPMP i b 35 | i 4b 31 0% 3 B R 07 R[] 5% 4R
121 °C,0.1 MPa 30 min, 2K J& HIJEE 2 1 1 1 V8 T AT
B AR U HTMP T Ak #1770 8% 5 i 4 1 o —
KA 48 PPP, 9 UK T A 45 TR F 044 o 76
KW HRAE 10 min, DLZC 1L R4S 21 PPP., %
R T AR AEAE =20 CH VAR b B 28
1.3.2 BR-55E G W& S AAL B B i A5 3]
1) PPP % T % B 7K (10 mg/mL) 1, il A CaCl,
il IR 25 .

JURAES Tk L e EE A R A&, pH 7.0, i
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30,40,50,60 °C, LAES 25 6 2 Ry 16 br i 28 B AE S g
W

S0 B TH] 35 5 B SN AR IRES L 11,
pH 7.0, B 40 °C, & A A 5,15,
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ARy T
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e Mk - BT AL B B 2 5 W T ) BT A vk
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Hi,

Fa B M H 5 68 B R
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AL TS &,

1.3.4 Caco-2 ZMHEKE % K B Z AL 44 Caco—
2 240 1L 52 T N 0 L R A R DA TR R E T e 7S
37 CARMEE R, Ak S5 RS W HE A0 i 2 N
Eas e R, WA EE O (1000 t/min,3
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DMEM 3% 5% 85 Bk 40 i, 4570 2] 25 em? (1) 40 ML 3%
Fei, T 37 °C CO, B gefirh g 5 , K H
bk IR At

TF B 750 9 40 B Al 31 80% LA -, PBS
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swellTM 12 # 1% (AP fill ), 7 % (BL ) ) %5 fm 1.5
mL SE R I FR A T FRAR T G % . R AE S AT 1
J BB 1 d OB B RS SR, 2 JE RO S
FRENLY 21 d, 4 M55 Ak 1 350 2 dh i, wT DA T
Fl2A 5
1.3.5 AS[A)He BE 22 Bk R K5 25 & W0 % Caco—2 40
MR Kb e 4. OFHA . Wik
WAMTT % ; QX HRAL . B3R+ MTT 5 W+ 40
M QHZH 1. PV+IE IR+ MTT ¥ 5+ 40 i ; @
Y5254 2. HTMP-PV+35 32 M +MTT B+ 40 ; &
Y254 3. PPP+I5 FR M +MTT A W+ 40 it ; © 45 25 41
4. PPP-CaCly+ 35 FR W +MTT ¥+ 41 A

B B A K119 3x10%~5%10* A4N/mL 19 41 i
B 100 wL A 96 FLEF SRR 55 E 24 h, 40
60U B J5 4, 43 A A O [ o R A
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100 WL, K597 24 h 85 )5, BALIMA &4 0.5 mg/
mL ) MTT () JC ML 7E 55 32 % MEM 200 wL, 4k%:
B3t 4h e, BALINA 150 pL. DMSO, % T #E K
PR35 10 min, 78531 57 35 fife 2% €0 %) HY IR JOUR
FEREARAY e $E 570 nm P K, 02 4 FL IO
i, K ERE 3 W BCFE, T ARXHE .,

2% _AS_AI)
éﬂiﬂﬂiaiaz(%)_iAc_Ab %100 (2)
A A ——X 56 W A —— X R4
WG EAE A 75 F WO A

1.3.6  Caco-2 i Mu FA 2 BIA A &N, 455 iz 1K
56 SR T BAL T2 A0 B ASE 02T o b T A K x EO Y
Caco-2 MU yE AL )5, LA 1x10° /~/mL (19 % B e Fp
#] 12 fL TranswellTM 5 3% I | TranswellTM 1% 5%
M 1% (AP ) s 0 0.5 mL 40 ffg &% 77 % | Bl )5 78
T (BLM) A 1.5 mL 78 2 8 375 418 & 3
AVAT o AR S B KRB, 7 d IS R R AR, 35
IR 21~27 d, AL iU R AT LU T IS 2l
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1.3.9  Caco-2 7 ifs 51 )2 3 i M B0 0E 2 6 ¥ A
HEMZE 48 . T 2643 0 B T H I AN [) o £
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FE R YN AR BV B Ry B Al A R AT SR 01 SR A A
I

] AP Ui A 0.5 mL 2¢ 6 8 % W (5 we/mL) ,
BL i in 1.5 mL. HBSS, ¥ % F2Hik & 7E 37 “CHEi
PR 3% 0,30,60,90, 120 min, 4351 )\ BL fil] Bt
0.5 mL F£ &, Fm) BL AN A 0.5 mL it #4 HB-
SS. FE BRI S5 AT, F 20 B I A TR
SR A LT AKX R EE R P,

Pappz % 4)

A dQ/di——B A7 B[] 26 5 8 32 1t mg/
s;A——5 iz R ; Co B FR W rh 9L B R
I B R I weg/mL,
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I AT AR E 4 AR OB T AR

13,11 #55salE 458 7 AR B i s
R« W i S R ¥ B 19 CaCl, ¥ (0.5,1,2,4 mg/
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2 BRBRE ST 21 d J5 H 12 L TransWellTM i
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Fig.1 The effect of chelating conditions on the calcium chelating rate
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Fig.3 Cytotoxic effects of PV (a), HTMP-PV (b), PPP (¢) and PPP-Ca (d)
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FE AT Caco—2 4l I3 AN HA B KB HEAER , il
s 2 g™
2.4 Caco-2 i EZ# A TEER &

TEHFP Caco-2 40 AE T TransWellTW #x I )5,
2 d W 5E 40 i F 2 5 I A BH (B (Transepithelial
i & 4 7], TEER
(HAEARE 7 d NIEINAS 22 3% & 1 T Caco—2 4l Jifd
WL G5 WU B | 24 53 24 v A SR B Rl 512, T Y Ca-
co=2 YL 4R A , WA 10 KAl TEER {EIF 4R &
RIBEIN 7R SR 14 K3k 5] 860 Q-em™?, M5 AR F5 41
X R E RS . i SCHRHE X4 TEER B X T 250 Q-
em? B, 3R W] Caco—2 4 M JE B T SO 1 B )2 R 45
¥, T LU 259 0 5% i R e i 52
2.5 Caco-2 4 B = A= B iR M4 B ER B (AKP ) &
%

electrical resistance, TEER),

1 TR Bl Caco—2 201 MY B J22 455 Y 78 7 it
i rp o 0 b A PR, o5 B A0 PR % IR 2%
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Fig4 The transepithelial electrical resistance (TEER)

of Caco-2 cells monolayer model in relation

to modeling time

2 A B R AR AL AT . Nk 1 B FESR 10
K iF, AP Ml Fn BL ] AKP 3% f1 ek 1.06, 16H 40
PROAR AR B2 IR A TR B 225K, I Y TEER B A4
IR (K 4), WA BE IR0 P RE K AKP 16 M2 5t
PR 21 RIF, AP/BL B G 71 Feik ) 3.39, %
B Caco—2 4 Jifg BA )2 AR U AL FE AN 5E BY, o] DA T
2 ikis i

®1 AREEFIE Caco-2 MR RERMMEEBIBEEEETNERL

Table 1 The changes of alkaline phosphatase activity on both sides of the monolayer of Caco-2 cells
at different culture times

L. AP W 85 7& A1/ BL 4l 8 & 71/ AP W 85 & A1/
¥R/ Lo oL .

4 K45 (100 mL)™ 4 K 4% - (100 mL)™! BL 1) & 7& 7
10 1.97 + 0.01 1.86 = 0.17 1.06
14 2.16 + 0.24 1.40 £ 0.14 1.54
18 249 + 0.16 1.59 £ 0.13 1.58
21 5.36 £ 0.41 1.58 = 0.09 3.39

2.6 Caco-2 a5 E A EE i B 45 R KW Caco-2 4 ML 7E Tran-

W% 2, fEH 9% 21 d J5 , I %€ Caco—2 4 JiY B4
EETOEEE AN RIEA LI E Byt

WWT LER &

30 min Ji BT 23 WO 5E 220t

swellTM AP 5535 21 d J& , 266 8 19188 R AE 120
min AEIAF] (7.79+0.12)x10° cm/s, 3 B & &K 1§,
T SERE ) B E 2

®2 A EALERIE Caco-2 MR EHEBEMIALEEEN

Table 2 Fluorescence yellow permeability of Caco-2 cell monolayer model at different treatment times

B} 18] /min 30

60

90 120

%R FHEEX10cm s —

2.77+0.03

3.04 £0.08 7.79 £0.12
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TE Caco—2 A3 F1 F TranswellTM 7 [ 15 ¢
21d Ja , R B AT 18] 2, WG S a5 4 T S5 7
YRR T S5 R E 5 iR, il LR
1) 3 O 0% AR B S50, X U] Caco-2 HIMI T
S T HRZER, JOf Bl T HRZ R IE R
FROE, /T T 25058 15105
2.8 $BRIZIAE

A6 AT, fE R 21 d JE L, 7E L E A
AN TR He FE () CaCly ¥ 0.5 mL,3 h J5 il & F %
S B & f, BRI A 55 5 TR T =
HEE 8 7 3 e 1R, O R B — s A R R AR L 1
B Caco—2 M2 20 M R 4 57 iy , HAT 532 259)
RS, H—LmE 7 KM, 7 LEIMASE T
100 pg 4 CaCl, PV +CaCl, HTMP -PV +CaCl, #i
PPP-CaCl,,3 h J5 I & & % 45 & &t , CaCl, 1Y 55 5%
iz B 4 3.06 wg,PV +CaCl, HTMP —PV +CaCl,
PPP-CaCl, 1Y %5 %% iz i 731 4 4.09 pg.5.33 pg
5.66 wg, 45 HFKW PPP-CaCl, v] W] i $1 & 45 5% iz
L, HE T IOHLAS CaCly 4, Xt 5547 2L S0k 45 21
— 3, 4N 13 ku & A6 AT AR (SSP4) Fil 10 ku {6 2E
AKX (PP1) W45 5 & W 4 3 1 Caco—2 4 i 52 i v
()55 % 1z e 1 25 = T CaCl, 4P,
2.9 TRPV6 $55 Fi@ X E B mRNA #&RiE

BB TE N AR I R s L A
Fifr, 3= By 5 20 L 5% i LA (a0 TRPV6 5 125 i i |
Cav3.1 55 B Tl i 5 ) FIwk 2) 55 40 M 5% 38 HL ]
Caco—2 EEH KK TRPV6 45 5 13l 18 , i i il
& TRPV6 4% & % iz il #% 1 1Y CalbindinD9K £
P 3 PR 22 35 1 0 T LA LA B8 14 is e 1 . iR
K 8 & B PPP—CaCl, &b ¥ 24 h Ji5 ,PV-CaCl, 41
f) CalbindinD9K m RNA ik & 55X A %A
#9252 (P>0.05), HTMP-PV #l PPP-Ca 4 1Y
CalbindinD9K m RNA B9 #H XF % ik & B B [
(P<0.05) , H:H PPP-Ca 23k 3] 2.22, J& XT BR 41 1)
252, RUIKESE &Y E i FiE Cal-
bindinD9K m RNA f3R Ik, HE IS i e is 1212

3 #it
AR B ik T PPP—Ca 24 1 B 4E &
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Pro-calcium Transport by Phosvitin Phosphopeptides in a Monolayer Model of Caco-2 Cells

Li Songming'?, Zhao Mengdie!', Liu Wei', Ma Meihu', Jin Yongguo', Huang Xi"
('National Research and Development Center for Egg Processing, College of Food Science and Technology,
Huazhong Agricultural University, Wuhan 430070
*Yibin Forestry and Bamboo Indusiry Research Institute, Yibin 644000, Sichuan)

Abstract Phosvitin phosphopeptides (PPP) with high calcium binding capacity were prepared by a combination of high—
temperature and low—pressure treatment, trypsin and thermophilic protease complex digestion. The optimum conditions for
the preparation of PPP-Ca were determined to be pH 9.5 and a peptide-to—calcium mass ratio of 7:1. 97% calcium

chelation was achieved under these conditions and PPP-Ca showed excellent stability in simulated gastrointestinal diges-
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tion. The monolayer model of Caco—2 cells was used to verify the calcium transport of PPP—Ca in vitro. The Caco-2 cell
model was validated by cell morphology, electrical resistance and sodium fluorescein permeation, and MTT results showed
that PPP-Ca exhibited low toxic effects on Caco-2 cells. The effects of PPP-Ca and PPP on the mass concentration of
calcium ions transported and the activity of alkaline phosphatase (AKP) in Caco-2 cells were investigated, and the rela-
tive expression of CalbindinD9K m RNA was determined by RT-PCR. The results showed that PPP and PPP-Ca signifi-
cantly increased AKP activity, increased calcium transport from (3.06+£0.08) pg to (5.66+0.62) pg, and increased Cal-
bindinD9K m RNA expression by 2—fold, thus enhancing calcium transport and absorption in the human intestine. The
findings provide scientific evidence for the development of new calcium supplements and phosvitin phosphopeptides.

Keywords phosvitin phosphopeptides; peptide calcium chelate; stability; Caco-2 cells; transport uptake



