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Abstract

Two calcium-chelating peptides have been identified from trypsin-
isolated soy protein hydrolysates using membrane filtration, reversed phase
high liquid chromatography, immobilized metal affinity chromatography and
liquid chromatography coupled with mass spectroscopy(LC/MS/MS) in our
previous studies. The amino acid sequence of the two peptides were
NLQGENEEEDSGAIVTVK(NL) and SQRPQDRHQK(SQ). Therefore, the
aim of this study was to further investigate the mechanism of calcium-
stimulating absorption for these two peptides in both Caco-2 and HT-29 cells.
This was because both Caco-2 cells and HT-29 cells were able to differentiate
into human duodenum and jejunum cells respectively, which had structures
of microvilli capable to be used as a model system for small intestinal
epithelial cell research. The results showed that at low calcium concentrations,
100 ppm NL and 50~100 ppm SQ significantly promoted calcium absorption
in Caco-2 cells and HT-29 cells. At higher calcium concentrations, 50 ppm of
NL and 100 ppm of SQ also significantly promoted calcium uptake in both
cells. In Caco-2 cells, the possible mechanism of calcium-stimulating
absorption for NL and SQ was through increasing expression of calcium
channel protein TRPV6. However, in HT-29 cells, increase of calcium
absorption was not positively related with their expression of calcium channel

protein Cavl.3. Further study of regulation mechanism for peptides with
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calcium-stimulating absorption in HT-29 cells was suggested.
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RIpFE2 7R EEF AL > FMOKNUT 2 DUt P8 3
RFH6s HAwpae@h{gdosnt x4 F 13~18 4k~ &m
HEP-T 100% A ZERE - Hor B A STE> 2§ b3 L (F2 451!
MFE AR F,2013)  F 0 B m P FF LA A S LT ET
P AT AT L e A S (AC, 2011) 0 FIL ATy 5 L IRARAT R
fos B 230 ISR R I ki 2 L g
T IRBAEY > B A2 I 5

AT EAT S GENLFAEE LS 2 A2 A H R KR

(Isolated soy protein hydrolysate ; ISPH) ¥ 3 4c 4T croj3 f2 & > & 10 A
+ £ "1iE (Molecular weight cut-off , MWCO ) g "#t = H 47 #° & 3

£ > fi* 30~10 2 1 kDa MWCO "% ISPH % » I | T H % &~ 47 2
AELHE > %% 8r 1 1 kDaMWCO permeate (1P) £ 3 B if e94F
HEHE > B4 L3 E 7 ¥ 8 0.14 umole/mg protein 3 4¢ 3| 1.83
umole/mg protein » S 1P A fEA#> 2L 27 %A 0 5 - FLA*
WAP B ATRAR K AT RIS ] H A 0 A3 = B R A 4 4 W[ E_Reverse
phase 1(RP1) ~ Reverse phase 2(RP2) ~ Reverse phase 3(RP3)i& {7 4F £ &
BB A U RP2 AT MR S BA o K LR L 297
umole/mg protein ; ¥ — FAR| 1P W H 2 it £ B+ Mick 787 ®
Ao B 1P e ehg ks d pH2 ¢ p s B iR 8 7 & 0% 5k (isocratic
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elution) 7% 1% & 4 & 1IE2 5 & X% 1P ¢g 2 pH6 ~ pH4 2 pH2
L L R R (79 R Y 3k (gradient elution ) #7118 % & 4 %] 5 IGE6 ~
IGE4 2 IGE2 > #-ypt e B R A BITAAAEME P T > ¢ 11 IE2 e
GEEHME 53 0 7 ¥ 1 3.27 pmole/mg protein o # RP2 %
E2 273X B 7| #F2 » X5 EFDA BE7 - & B E_
NLQGENEEEDSGAIVTVK(NL)% SQRPQDRHQK(SQ) o & d % 5
F iR o NL 2 SQ & 4 finid el 5 & 7t 4 (%,2018) ¢

Caco-2 ‘m* fr HT-29 ‘m®% R A& A 47~ % & % fp o " #0034} % ¢h
i PR 0 B e i T 1S entm e A i A WSRO A fpent 2 g 2 g
i o B R R AL o TRt AL KRN HORE ) G st B
(Liuetal.,2017)% & * % % 2 6 chdf ot > Ao b5 i s i is
(Artursson et al., 2001; Sevin et al., 2013) ~ 4F "% 42§ % ( Perego et al.,
2013) % o Caco-2 ¥ v HT-29 ‘m?s ¢ 4 %5 4F 4+ 3 ¥ 3-v TRPV6

( Transient receptor potential cation channel subfamily V member 6) %

Cavl.3 (Voltage-gated calcium channels ) 4% 3 %% (T. Hou et al.,
2015)% * jZ 4 ig ez > 1% NL A SQ & f& & =0 94PK b 4T B & cngd
B 3 AR i chlere P B3 G W4T T2 T o ] 0 3

A e 3N AT e (T el B R -
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AP G AR T AP ESIELY S JREAMEE D
1.52.2% » 99%:r4T 4Rk 5 30 4 Ffr g & ¢ > A RE X f b
B Bt R R MR ST E AT G AT P o AT e R AT
M EEFEEARL > BRI ey P EFTHE > B AN
WhBlT o AR ES Y o B S EEAPH T AR E A
P Buf AREisadrs o F ’?Ki&mk}i“"&'ﬁ’ 4 X eig B
REFRA O REFRERE D M A FEROE b 'R (AC, 2011) o F|T i
14T R T s i ¥ > i i d AT S > 7 £ F P £
»Egilta g e A REY hf E.%‘«;ﬁ'@mi/)ﬁl v FAF R 0 Tp
feime B P TR % L3 F H2 T 20> G AN SHE KR
Evp A4 LR FIR TR L A e~ RARA £ Fan i
B oo B HRF A~ A e B B F R AE(Tunick, 1987) o L@ T3 4 ) o
A Z DSy 4 i a3 Sofg(Fleet er al., 2010) 0 Ie pFe g *% 0%
S E B % e B 5 % ek % (Moyad, 2003) -

Ft @]@]Nigyggﬁg‘fp;g “ra By &% B ¢ (Foodand Nutrition
Board » FNB) 74F F#Pr2 # p 23R E > Qi fry " E#F THF = p
#PE 5 1000~1300 mg > = & 4 5 1000 mg > & & % f] 5 1200 mg °
R AR TIEA A FAE 0 FR6 AT % DU R A
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FHox  Hup sk {3E ot > £HF I3~18 k> & ensl
P17 100% A ZERE > B WA r £ 3§ B3 (w2 457130
BB %, 2013) -

FIUL T AT G b TR S AT AT AR M 2 i & 0 i 4T A A
e AMERIRFRSR » 857 PR BRI Ry
TR I Y KRG > HARs T F - 47 (Deborah A,
Straub MS, RD.2007) = 8 ffdr+ 7 % 3¢ % i 5 ~ 4L & i

B K (AC,2011) o it 15 & enfT 3 BEm » e & L § gl 0 A 4
AP FE o @G ok 2 (AC, 2011) o F 2t b R KT 0 R D
Ly 5 RGEATS T s PR MR T ROE O Rt e FoRkfESy
A PR MEAREEA AT IRABAF £ 0 IR A hd I Koo B
w7 Rt e 39 (Perego efal., 2013) ~ X 38 & 4 @i(Peng et al.,
2017) ~ 3 ¥-%-v (Daengprok et al., 2003) ~ 4 %8 33~ ( Hou et al., 2015)
£ B¢ 455 BB AT T HIEPs S P B0 BERE S (Casein
phosphopeptide ; CPP) > e d **RiFH 5 F - P 2R B F K 3
oFMFLET U ES RO T A AR RAL o

v FokfEoars? B ATE S i 4 ol fe 5 Glu -~ His ~ Lys ~ Ser
fo Asp (T. Hou et al., 2015) o B 34 PK 2 4T 46 & N § 3 f8 o

- AR AREL S L o R BiE's (CPP) 5 * 4 - CPP
Y JF S R AL A 7] B 75 Ser (P) -Ser (P) -Ser (P)
-Glu-Glu (Cosentino et al., 2010) o F#Fa PR3 fR4F e & B 4F B3 REE 55

VieFL 7% Fh 0 B R SRORPA A A AT K & ) 2 28 B Y e Cas(POs)2 (Anita et

4


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Straub%2C+Deborah+A
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Straub%2C+Deborah+A

al., 2003) -

(Sunetal., 2016)4 %12 0~3 B F 2@ FnSer (P) s 2 A~ »
£ 6487 b RIS BT BRSNS F SRR B2
Fcrbd o S % B 0 PRV BAMESAE PAAR A hE ToRARR S A R enin B

+

-

.3;@&_@;&&3&@ e EREA T 0 73 3 Ser (P) chfrs%

o e S
]

sy

i

-—-\

v Fr I EREL AT UK 0 T R 4T BE F R K o BRRREA PR
e Ser (P) 4pt > gipars® 2 @ f e Ser (P) B MBS L
ma 5 b e -

T BESABEEL 0 X B R kiR N A o FHET B

P
wiy
\a

EATEEEF S A S R s m UL 4 0 BT BT R ST S
A_Aspfr Glu e2: JL (Lvetal,2013) o pt b » B E 4Tk R &2 X & -
v -Kf#4 (Soy protein hydrolysate ; SPH) s + £4pk » » + £ &
14.4kDa g 8-9kDa e7*x H (2 I 3 edr &2 & it # (Lvetal., 2008) -

EHREEP T A BRI G AR S D AR L B R

,
A
N

I

jud
Da

K2 AP BT

~ & > § %% Glycine max(L.) Merrill > 2 5 & #* (Fabaceae) = &
% (Glycine) 2. ¥ &4 » hAgs kp? R EPHP k- 2 £48 > 5
ABLIES2 - o A B AR EARE S GHRLEERE > LR SR
5 35~40%:h -0 B~ 30~35%BK 1t & F K 20%:5d Py e 4~5% A
> BB Ao e B Y Fw WE AL S BN T RAME % T
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Bev T AMAREFNIEY o H 5 R LB

=}

4~50 o % B Fed RS S EA 4 Ged A 0 o iRk LRt
FEG o B HFEL R o KT REASE Y (TR R Tk
Fo 5D 0 A B By G PR KRS RINE § 3F 5 o
3o P AT RIS BORfRZ A R E & F % (5, 2006)
o BE(3, 2016) ~ Firg s 2 £(2,2010) ~ 4 E D &(F,2015)% (£ o
~ % 3w B (Trypsin) -+ & 39 RfEF 2.7

%, F-v fr R &”%Hﬁifﬁﬂﬁué s imre P A4 o R R B ) B o
6 Bigeis o B FPEIE K IBEF R NH, £ 5 °5 (& Lys ©-lle 7244
i) kR R Beh F RIE R S Bh fF o 296 Feh R R 229
FAMSE - frigiri > XS BERSER T o Gy fE T 1
P s Ly RS S S G T o B2 pH 7S5 2
BiEE ARG S0CTF Bt B A B2 > 85 Lysin 2 Arginine 2. C

% o (Bjarni et al., 1989)

¢

AT EARE R w7k E£pEE Alcalase® ~ Trypsin
Chymotrypsin # Pepsin > & & %2 B f /L & %2 pH E-KfE- A7 o
it de > BP0 Trypsin -KfE~ & 30 £ 7 B F AT A & (8% (%,
2018) ; %A F AU 3%~ B 39 B3R e 50C 1 2 pH 7.5 2 52T Z4e
1 % Trypsin & 7 -k f% > H ¢ 12 8h-KfZ4 (Trypsin-isolated soy protein
hydrolysate ; TISPH8h) 2 4T A &M E 532 A £ 5B > F|pt 11 T-

ISP8h & {7 {8 FrenA g it o 3823472 A 3 B '2iE 5% (Molecular

N

weight cut-off, MWCO ) 3% Z4r A& E 2 5> f1* 3010 % 1
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kDa MWCO g %4 T-ISP8h %~ T BT H HZ A 2 A EHE > % %
k25t 11 1 kDa MWCO permeate (1P) £ 3 B G cdf A & 3 € » H M &S
& 3 & 7 & ¥ o0 4o ) 1.83 umole/mg protein 0 {8 1P 2 & fE 4 g
EEEERA 0 B BT B AT R L R A A
= % 4 47 » 9] 4_Reverse phase 1(RP1) ~ Reverse phase 2(RP2) ~
Reverse phase 3(RP3):& (74T A< & M £ Rl > H ¥ MW RP2 erdf AT & 3 £
5hB o HAFEME S 297 umole/mg protein ; ¥ - FER|E_1P 11 ¥
T AR M AT F R A O S 1P S 0E Ligd pH2 ¢ il
7% % i 7 & b 3k (isocratic elution ) #7118 e & 4= 5 1E2 ; & v
1P e+ v pH6 ~ pH4 2 pH2 ¢ f& i feie i€ (7 - & i 3%_ (gradient
elution) #718 % &~ 4 & b| 52 IGE6 ~ IGE4 2 IGE2 » #-}' v B % & 4 i&
FAEGHER T HY NIE2 A EHE - &3 > 7 ¥ T
2 3.27 umole/mg protein o # RP2 % IIE2 :& {73755 5| #Fw > &5 (¥
s B A3 & s NLQGENEEEDSGAIVTVK(NL) 2
SQRPQDRHQK(SQ) ° # Ip it ik d 5% 7 i 325 ¥ 7 » NL ch4F &
EHE 53760 @ SQAUTAEHMES 2150 A FndE AR E ¥ <
IP 2 Xifja-kfad > F1 NL 2 SQ B j i eus et i (M- )-
Flpt AT G SRR - %‘ﬁvj Caco-2 mP# 2 HT-29 w2 53+ NL 2 SQ
$t m e (R4 ez 4] o
o~ A REY GRS A &

AP T A MPE 0 L R HUTH T sfe s R 2 A A

y
A
Rl

P s TRE et A LY g e ikt R 0 A A
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Ly AR P AR S gyt o R g s TR
Bt o BATAT ofe s 3545 d # e (Paracellular) {rigime
( Transcellular ) s &3 = 273 (Kellett, 2011) ©

(- ) = % & (Paracellular pathway)

@ggg; Fmecil R4 AT LA R o T nve P % Uq’;mﬁg&g
+ERET 5~200mM FEHfEcE 4 B ¢ B R MBI EFCEERPR
VLA B 38 ’5%] = i o Bl R @ (Kellett, 2011) o

(=) w24 @ (Transcellular pathway )
M Bwme st A R g2 A g o SIS TR R o g

e 4T3 SRR MY SmM 2 o] g Y ATER P ] 5 A i

(ﬁa*—ﬁ&%

AT W B AR 0 DA RS SN R Y o 4T
TS A ARFEZAG > A H L 82 F Do el
fe3 = BH 3R p R sT d gA%R] K % % (Brush border membrane ;
BBM) i » w2 h > £ 3| & ¢t % (Basolateral membranes ;
BLM) > % {¢ 7 if BLM £ 7|« ]\ 4 ¢ (Pérez et al., 2008) - 47 4+ §5 ‘w¥e
Sofed = Al ¢ 35 i H #pdc (Simple diffusion) ~ 72 8

( Vesicular transport ) % %4 %47 (Facilitated diffusion ) (Diaz de

Barboza et al., 2015)



M Before digestion M After gastric digestion [ After intestinal digestion
Aa

. v
W] L W w

Calcium chelating increment
(umol/mg protein)

8h 1P NL SQ
Fl- - 3ROSR ) A kR AR L B
Figure 1. Effect of different peptides following digested by gastrointestinal
protease on calcium chelating increment. (% , 2018)



1. 2 34t
M 5 G G BT ) FEY ] E PRl 2 PMCALD

(Ca*-ATPase) » { #4T 3+ 3% 3 % ® (Kellett, 2011) -
2. e E iy

B AT AR A B9 2wt N PF 0§ BBM ¥ RIATALT R R -
EH o AT R B GRS RE g T AR B oh
BT S o B SHE T BLM MO 0 AT A S 2 D ;”Ff; v
(Kellett, 2011; Larsson et al., 2002) °
3. WA

frap+ ¢ d BBM el 3g 39 TRPV6 ( Transient receptor potential
cation channel subfamily V member 6 ) ~ TRPV5 ( Transient receptor
potential cation channel subfamily V member 5) % Cavl.3 (Calcium
channel, voltage-dependent, L type, alpha 1D subunit) i& » fmfe p > 'm%
ROEHUTR L G g BATRE i me FHEiE T BLM > A S 4TaT €
JEAT R L F-d 3 F 4T M Ar4 59 PMCAILb (Ca**-ATPase) % NCXI

(Na'/Ca*" exchanger ) » #-4T 3t 3% 3 K7 (Kellett, 2011) -

g o § S RAUTEET R R R Tf: PATHE SRR TP A
i 4% v & i (Hyperpolarization ) pF » % )’I&{’Jsﬁ%‘i i et -90~-
110mV(Morgan et al., 2003) » ¢ &_i& % "5 7 sl g+ %’ﬁd W ig v
TRPVO :& » 3L F g 'mfe » SR F4THT ¢ B £ 0408 & Fv
Calbindin-Dok > # {8 £ & d PMCAIlb (Ca*-ATPase) % NCXI

(Na'/Ca*" exchanger) il if 3-v £ | 3]3: ? o TRPV6 &3 v B2 i =
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7T = (TRP) 7#2%= f 2 - > TRPVO 4T a3 5 EH > ZiTHF
e TRPVS £ 3% > @ TRPVS 3 & 2L A% H ivr L 44raps 4
= qz(Kellett, 2011)

BrorAp o TR Y JE Y AL ERESRERL B

7 % (Depolarization ) » %7 = #-20~-10 mV(Morgan et al., 2003) > =

pF o5 a2 i\ e Nat/glucose + e i i SGLT1 ##iF F-v ( Sodium- dependent

glucose cotransporters ) &3] m¥e p > JLpF € FriE Cavl3 R i > i@
@arap s e s e h (W= ) (Kellett, 2011) » Cavl.3 ot & B P 4347

i i (Voltage-gated calcium channels ) 2% ? 1CaVl I 7% 2 - =
LB EUE L wep Co¥mE i TERTT LR &
£ R

TV R GELME Y 4 3 peniEr o CaVl I jOE I E L K me

A
$3F 5 ATRE o L atdedr? § 10 B TR AT R0

T L A R FI AR R A SR RS A
AR R AR BIE - CaV2 T FO5A & f F Adhit 2RSS %19

¢

Al

ByE o CaV3 Iy FOEHIT G & % 8 F 3w o iim e o b iGA i
eds (T 7 e E 45 148 S §_E & h(Catterall, 2011) o

ARG H* Caco-2 fwe 2 HT-29 m¥e {4k ] % + & ¥ ; Caco-2
wmiz @ 5 TRPVO 4T3+ if =0 » @ HT-29 fw® ¢ § Cavl.3 il if 3
B0 AR A A fgant 2 ¥ 2 3 e 5 (Perego et al., 2012, Perego et

al., 2013)
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Bl= ~ ] 5@ ATdg sofTis 4
Figure 2. Mechanism of calcium absorption in the small intestine. (Kellett,

2011)
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SR KRR A e AT e ]

B Caco-2 ‘m?e 2 HT-29 'm¥% © ALZEM 7 % 04T A & P4 fm e v
Y242 2 5 (Guoetal., 2014) -

fit. 3-v pifs "% (Casein Phosphopeptides ; CPP) ¥ it #-p £ 3 ~ /]
B L R o s f o AR - BT By o 1 BATHET R T Mwe
i (Ferraretto et al., 2001) o CPP i #§ gk it enpe it A B (acidic
motif) e & cH N RH{IVA AT chigdy - H Fiic it wlkir -
& (B-turn) > ¥ M@ v PR G i &3> Caco-2 ¥z fr HT-29 w¥e
Woehide 72 i 8 314 (Ferraretto et al., 2001) ° ¥ 5 #7 3 % ¥ - # CPP 2247
L & & CPP-Caidf & 18 » #5341 CPP-Ca 4§ & ¥+ HT-29 ‘m¥e 4T v J22_ &
o S5k 0 CPP-Cadf & 8 Bg F 3 4vlwie N chdT 31+ R R
(Claudia et al., 2007) » & ¢~ 7 & # 2 3% CPP i 5 - f@40{" e &
(Anita et al., 2003) -

2 Biprg3-dn 'k (DPs) ‘&d P RABREDPs ¥ 5§ ¥ e
Glx (Glu+GlIn) f= Asx (Asp+Asn) > 4 %] b5 E £ 0 12.14 {r 7.14
9 ° Ser > Leu > Phe > Thr fv Met 17z & » 32>5% > Fpt g 4 = B
A f B 7| & B &_Val-Ser-Glu- Glu (VSEE ) » Leu-Tyr-Ala-Glu-Glu

(LYAEE) > Ile-Asn-Glu (INE) » Leu-Ser-Tyr-Leu (LSYL ) » Leu- -His-
Gln (VHQ) e Ile-Leu-Lys-Asn (ILKN) - 3%*%2 3% E> L " N>S 7 &
% 14F 8L o & VSEE 4r LYAEE (0 C-% 33 # £ 4 e Glu & 7] > Glu e

A GAREF S BELENEE A & CPPs ¥ » 2R Glu-Glu - LSYL

13



o LNSW ¥ » Ser chghfis it 7 sc L 4% & o VHQ ¢ His crwf ek TR c5 5-
N Favas 3 B3 gi (BN IRAF KEEAY Y T -
FE 4T % £ 75 Thr-Cys-His » 3 H 34T 5% & 547 o £.d 305 & His &
#& o ILKN ¢ Lys pl4avefipe? o N & 2405 & chiz 8 > Lys ik DPs &
£:1459% (<5kDa) > B2t d i dv Fokf2Adfod i iF v k3
AJ TR £rR0 0 ER N Lys o jUARE AT S DGR > T e
Glu> Asp» His fr Ser #% ZA ¥ st = DPS4F AT & ¢ A= 4218 % oy i #
ITC A 474834 DPs B24T4p 7 (£ % chgh 4 5 5 & % B 7 904 PR 4T chi
E W HApin > Rl F MY EDTA > 242 P = A5V U E 5 =
4T o (4 Meip = fEIRAAFE A Wik 17 = ] 9 | Caco-2 i H &
y7] > Caco-2 m%e FHM Ao~ 8P~ 5 F Lm0l » B 5% &
= SRR P ¥ 0 RATR o] BT A S LR A
A3 Rt 5kDas (FE3uE DPs 47w »]zm:iﬁw A R
% (1) DPs sh B 7 AR R B R 4 5 > 1R 42 p 3 iE
T BT, (2) boif £nDP 3 WHATS £ @ * 30iE
i @2 RF 5 @l (Houeral,2015) > @ &8 — B3 Aor
DPs it 53 3 4r Caco-2 ‘m?s ¥ TRPVG6 4T 3+ i if v % CaDo 47 4+ &
F F-v 2. 2 L& (Houetal.,2017) »
IS I E RS A A
(- ) Caco-2 cell 2_ 48 *Fjp| 2_
Caco-2 cell # i3+ 4 57 e+ = 45 %5 (Kellett, 2011) » &4+ 25 < %

R SRS SN BT G &

14



e Mt REREm > e R AL Y S X €A AR E (B2

(B #r%32 14213t ¢xrmins 28k (Fl= (D)) fI*
TSGR L AR € F A RS g o 1A R 0 4 A

A mve o FP F AL kA ) S ek fc @ B (Sambuy ef al.,
2005) TR b 2 o ddER o Ao B A% p ST I (Artursson et

al.,2001) ~ 4= 54 % (Lvetal, 2008) % -

(Lvetal,2008) i * Caco-2 cell 4% g (9 2% > #7531~ E F-v
'k f24 (Soy protein hydrolysate ; SPH) % & 4F 2 4§ & 4~ 4448 ¢} 4T &P~

2B o PR B fura-2 FF A R dm e ) AR T B R RS I T Y
§ ks B A7 0 2% 87 SPH-4T4 & 4% (10-30kDa) » SPH-4T45 & 4
(3-10kDa) 4 SPH-4T 48 & 4 (1-3kDa) ¥ scigeny k35 B B ¥ 4
fe o SPH-4T4F & 4 (10-30kDa) % 2 4p ¥+ % £ 5 /& cd ~ & - SPH-
404F &4 (10 3 30kDa) 2 k& & 0.5 3 4mg/mL e B P 4 5 b
AT T BgE A o
(=) HT-29 cell z_ %8+ ip] T_

HT-29 cell #f f2>% A &g ] % ¢ i 2% (Kellett, 2011) » HT-29 cell £_j%_
At A g R ehime koo e % A DMEM B &% ¢ wre A i
FRAATCHEE (B=Z (A))o wimiez % & RPMII640 32 % % ¢ > ‘w
%gimﬁg&&@é’m%@iﬂﬁﬁﬁg’&%@%imgﬂm
% (Bl= (C)) - (Claudia et al., 2007; Cosentino ef al., 2010)

( Perego et al., 2012; Perego et al., 2013)3% 47 7 #£ 31 fe d-v FApars

(CPP) % HT-29 m#z ¢ AT fci¥4]2. B2 58 o 41 * HT-29 w*e
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Fe =
5t D

%N S Bics ™ Caco-2 cell & HT-29 cell 502 £ 535 -
Transmission electron microphotographs of
undifferentiated/differentiated HT-29 and Caco?2 cells. (A) HT-29
cell in 7 days (B) Caco-2 cell in 7 days (C) HT-29 cell in 14 days
(B) Caco-2 cell in 14 days. Original magnifications are as follows:
Panel A, x14,000; Panel B, x19,000; Panel C, x10,000; Panel D,

x20,000. (Cosentino et al., 2010)
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Wz 2y b g e v CPP B4 s jeanig 2 4.3 4 CaVl3

TRl IS TR °ﬁ%$“*ﬂ%ﬁNB@H§&M4aéwﬂw
Nimodipine 4% 3 w2 47 & jciR 5 o F B 77 > Nimodipine #r#] HT-29
‘Pz e CaVI3 g Fev {8 0 mie AT B F T % 5 4pF > Bay-
K 8644 1 CaV13 i if 3¢ » fmie M 4TARF AR P 2 o d L9 5%
¥aro HT-29 ¢ £ 5 CaVI13 i i v 77 &
LA RERE

¥+ A % peip % ( Transepithelial electrical resistance ,TEER ) & - #&
RiZdLaoT EHM ¥ MR E N Lime ot L wme 8 & iz % B

iW%@%@%ﬁ%§ﬁ<ﬁm>ww@m%ﬁ’ﬂmRmﬁqu

«\
=
-3;%
b

B L M prainsert F 32 & H & e o insert 4 5 TR (& F3N)

FeRAAAR (RT3 BTH_ - BEEE AINET Y

»h-l
|
5

N
H\
s
F_&
.|
\4
N
=
fatk
=0
ER
=
]

TiEd me H IR - B g

REFT L Ee LA L (DC) TRLRIE AT T

i’l

PIIEEARGEE TR R T PTRCRT A E o §RORE
SAELAT L ETAE > He 3% 30RE T ROFYE (I AEERAoF AT

BT TR RIRARA ¢ R R LS (Rw%) hT 6 T

(R lank)’ T/EJ'E_'J‘Q%H Fgé]mmfg (Rtotal) RF—E—‘?’/”—%{ fi;‘;Q ’
FEMT N E

TEER(Q *¢m*)=( R - R plank)* 2 &% %5 F# (cm?)
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TIEAX B A& dmre mﬂf % B 4% B (Hickman, 2016)

TEER R £3& % 4 BRia ¢ 24 54K (BBB): 7% (Gl) i
4% #-7] (Srinivasan ef al., 2015) o #7 3 #- TEER i& * >t 5 % #7] -
o G F S mie f R BL R RPN AT g A o R
FANY SRR R LR Y chme o AR Bﬁ&[&;m Caco-
2 iz mE T AR A Y AT TP a e iR 2 Bf;?»
Wik o 2~31kts > Caco2 ¥y i chime ko p AL LRI
% :ém’?é'friﬁi‘f? P A AP B A - AcnE g 41k wPe o Caco-
28 & A4 TEER % 150 ~400 Q.cm? *2+41] 1 4 BB AT o T
A ARy ¢ Caco-2 im¥e fo HT-29 fm# e TEER % 3% 5 0~400

Q.cm? 5 ' EE % fm PE %f: %18 $ e % & 14 (Srinivasan ef al., 2015) -
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Figure 4. Transepithelial electrical resistance (TEER)(Srinivasan et al., 2015)
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- RS RE
(-) &Kk
1. NLZ2 SQ é=skd A a - FafgEpmimifit
2. fv v k24 (Hydrolysed casein protein > 15% CPP) P p % %ﬁi:}i
3 T2 @ (Taipei, Taiwan )
(=) %R wmefhz B %
1. fmPe $R
(1) Caco-2 tm®¢ ¥k : C2BBel £ BCRC (Hsinchu, Taiwan )
(2) HT-29 m*2 4k : WiDr f£p BCRC ( Hsinchu, Taiwan )
2. WP 4 R &R
(1) Caco-2 wm?# 3 % /% ' Dulbecco’s modified Eagle’s medium
( DMEM ) -~ High glucose ~ 4 mmol/L L-glutamine ~ 110 mg/L sodium
pyruvate ~ 100 units/mL penicillin G ~ 100 ug/mL sodium streptomycin
sulfate B£p Gibco (NY, USA)
(2) HT-29 ‘w*z 2 % ;% ' Modified Eagle’s medium ( MEM ) ~ High
glucose ~ 4 mmol/L L-glutamine ~ 110 mg/L sodium pyruvate ~ 100

units/mL penicillin G ~ 100 pug/mL sodium streptomycin sulfate f& p

20



Gibco (NY, USA)
(3) #*#2 & i (Fetal bovine serum, FBS) P& p Gibco (NY, USA)
(4) Nonessential amino acid £ BioWhittaker® ( PA, USA)
(1) Sodium bicarbonate Fp Sigma ( St. Louis, MO, USA )
3. MM R AT T AR
(1) Trypsin-EDTA B p Gibco (NY, USA)
(2) Trypan blue P p BioWhittaker® (PA, USA)
4. ke 035 F TR AR
(1) AlamarBlue™ Cell Viability Reagent p- § Thermo
5. m¥% R R TE KA
(1) m% # % % (HEPA CLASS 100, Thermo, MO USA )
(2) # 74 ¥ 5 (Bellco Glass, Inc., NJ, USA)
(3) = VB fcs (IX71, Olympus, Tokyo, Japan )
(4) -kiz 1 (SB-7D, Wissddm, Taipei, Taiwan )
(5) # % ¥ (Tokyo, Japan)
(6) CO2 s ¥gpip porE 5 *L 2> 2 ( Taichung, Taiwan )
(z) Bt Lwmied w2 pl 2
LORIE RIEAT R A5 H
(1) 12-well Millicell Hanging Cell Culture Insert ( PET 0.4 um pore size, 12
mm diameter) FEp Millipore Cor., Billerica (MA, USA)
2. RIRRIEATERA

(1) Millicell ERS-2 Volt-Ohm Meter P& p Millipore Cor., Billerica (MA,
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USA)
(v) i d TR 2 R R
1 BB ST TR KA
(1) %% %K+ sk &kptp HITACHI ( Tokyo, Japan )
(1) B FREAK
1. BCA™ Protein Assay Kit Pierce Biorechology (IL, USA)
(=) RS % BE:
1L R
(1) Hydrochloric acid f#p 8% 1 i* & ( Hsinchu, Taiwan )
(2) Soudium dodecyl sulphate (SDS) F£p Sigma ( St. Louis, MO, USA)
(3) Acrylamide £ p SERVA ( Gaiberg, DE )
(4) Aminopropyltriethoxysilane (APS)fp GERBU ( Gaiberg, DE )
(5) 1,2-Bis(dimethylamino)ethane £ p TEMED | P p Alfa Aessar (MA,
USA)
(6) Bis-tris methane - p J. B. Baker® (PA, USA)
(7) Glycine £ p J. B. Baker® (PA, USA)
(8) polyvinylidene fluoride (PVDF) B p Millipore Cor., Billerica (MA,
USA)
(9) Sodium chloride P p Sigma ( St. Louis, MO, USA)
(10) Bovine serum albumin F£p Gibco (NY, USA)

(11) Glycerol 2 Tween 20 ¥ ptp Panreac Quimca Sa ( Barcelona, ES )
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E &0 B8 ST 38 Ao 575 AR Z 4 Rk BEBK
NLQGENEEEDSGAIVTVK(NL)&SQRPQDRHQK(SQ)

[ Fir 18 AT AS R 2 A IR ST ]
[

(st =t pmpnz st 2 | | wmzmaa YT ]
[ Caco-2 cell ] [ HT-29 cell ]
[ TRPV645 8 738 8 2 76 31 ] [ CaV1.34%5 4 718 18 2 5 3t ]
| I
| | |
NL & SQi /% ¥ 4m 8315 & G TRPV6 & NL & SQ3E & %} 4
fofsiE R % CaV1.3z & BaAR 45 R 2 35 &

o) e i
1. f&if fmiz

FH P Bdmre R E ~ 37TCEARY > PR Imin s > B

G

»edrd OmL AR ERZB R ? > LB Ay 37C ~ 5%
CO% 4P 2 £ c BAMRR > ¥RAr P LR UERF*E >

4t 2 5 mLPBS A BlfE S & {8 0 £ 4 » 10 mL DMEM/MEM 3 % %
WREr P >N 3TC 5% CO AP A& 0 F e 2 REEERE AT
BAER AR E 23 I BEBEFHARL

2. Wiz A

B A ¥ SRR EFRE RS 0 12 SmLPBS & Bjed &
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=

» f 4e ~ 1 mL trypsin/EDTA i fm?2 s dgkEs » 2x » 37C ~ 5% CO,
BA Y F% 304 fEidp s dish Rl @ e { 3
te » 2~3 & € 7" DMEM/MEM #: % /% % 1t trypsin/EDTA it % o -
dish ¥ ‘w2 ;% & W

%8}{2@% ,_T

BB~ 1 mL 4e » 2~3 %

3 9 mL A7 3 ZRaE AT
g

L% % 37C ~ 5% COx3s % 45 ¢ 2

3. fmPe A it

(1) Caco-2 ‘m¥z

FrAr ¥ Caco-2 e L BPF - L € p FAN 8 14~21 % £

m g E RS S TR R DA e
(2) HT29 m#

#eys % w P e HT-29 dmfe £ 5 90%:% PF > %33 % /% ;i _DMEM & 4
2 RPMI-1640 (low glucose 2 g/L) » ¥ 10~14 =% (& mPz ¢ & 11}

"Yr,r«

etk £
LR DAV oo

’

(=)

dm e 03 FOR T

FEAA 12-well w14 X {3

X, I,(;ﬂj_ p{:]v,\? VL;|}’—%{}‘]’:§ s A1
PBSAVJJ,F /701':&«}\ |§7 ’4t)‘7~}1f',&)§m’f§‘—;r’ ‘“35241’1}"6
%ﬁt}‘%t;‘bl)%ug ,

X 24
/

fe » 144
i

11 PBS 4~ "'v'J [;"‘;4' ER- G SRR AP Alamar Blue /":, /lf?
2.5h {¢ » jE_12-well == 3¢ 200 ul & 96-well ¥ > A 575nm & &
T 12 ELISA Reader i& {7 &4 47 °

(z) B R mie T reip 2

HBdmre 01 & 3 2x10° 4T 12 mm transwell ¥ 32 & 14~21 % o 3

% e A8 ff 202 transwell 5 K 4 » 05 mL 32 %R % T A 4~ 1.5mL
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BAHEREFR A  F4 X )T-%J‘! B+ R e ek ( Transepithelial

electric resistance, TEER ) i& {7 7 FE B3 » 31 e Bf AT I

Moo KT e TIEEE A3 400 Q - cm? Tk & e 2 fY Bf % i
R AR T AT TR

(1) Mm% 4T BBl %

7 HBSS % 7% ;% (125 mM NaCl, 4 mM KCI, 4 Mm L-Glu, 10 mM
glucose, 30 mM HEPES, # & % pH7.4) i#i% 12 mm transwell & = >
¥ A 37CH % 20 min i3 & B~ 18 > % transwell #3713 1.5
mL HBSS % #% /% <5 12-well ¢ > transwell s+ & 4c >~ 0.5 mL 2 %
PR eTaE S A% » & | FFRE - Xme R 1l XpE = iR
dnve B4R R Y DTk R o B F A transwell ¢ B e > 2 RIER
PP (TR A TR B4 » F BIER RS2 me TR 0 T B
transwell & & 93 i > B I F WR Rk R STk R P] AT AL Ok
B o

(») 9 FTEALH

~F %1 * BCAKkit #iplimz @ Fov ?‘D;&Eﬁ » A #-BCA Fv F 4
F2x A A BB 50 1 et GR A K iR 0 HF R E well
200 uL 4e > 96 344 ¢ > B & w4 » Fd B S (0-2000 pg/mL
bovine serum albumin, BSA) & me gt iFi 10 pL > #-F i A5
3R L 537CT % 30min {64 47X 28 » # * ELISAreader 11t &
562 nm &P H 3k E o m BSAER AT aEREY RV 2ty A mie @

ki Bz g (pg/ml)e
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(=) & > # 32 (Western Blot)

Bedev FORAR 10pL e gt FREFEEERR L 5 & 95T
T Ae# Smin % H 4> 12 10 % SDS-PAGE i {7 F AcR-Fee B A
5000 B9 WA GEFMEEFE - B s o A 3iS 1% Trans buffer
(Tris-Bis 25 mM % Glycine 190mM) i * T /w#-F—0 & & 250 v/200
mA/4°C/14 h ™ & 3 »* polyvinylidene fluoride (PVDF) %&b o #-5g % >t
2% BSA/TBST(Tris-HCI 200 mM ~ NaCl 1.5 M % 1% tween-20)14 150
rpm & F 1 h i {7 Blocking » o **Fifrs 2 p A% v S8 v B
AT mE ALY > F I Bended B PILIFER > BFARLG B
EPHRFI- A T A o - PR R B
WEETRF2h & overnight » ** TBST ¥ ;&% 3 =x {& 4 » = &
Al BT RET lhe &8 F 2 TBST ¥ JEie 3 X309 F 4o~
chemiluminescent HRP Substrate & f& » & * 2k &k (Pl d-v & ME %
B o

(™) éjb—F‘,L = 0%

4 A BRBIE LS F T EHER L (MeantSD) £ & o 1%
Statistical analysis system ( SAS) it~ 7348 » & ™2 Duncan’s
multiple range test 4" 7tk &8 Ip 2 BFEFE L 5 £ £ 12> p<0.05 Z ¥ £

2o
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—

7

4L by =2 1 =24
2~ FF8EH®m

AFETEAT AT AT ERNERE S FABURAPAE T LE F
T & RS BAck 174 T-ISP8h i& 7 AT s T P2 A i it > & s
1% B &R FET FHEFKEZRPET EREFAA SN A 2L
v » 4w % NLQGENEEEDSGAIVTVK(NL)%2 SQRPQDRHQK(SQ)( %
2018) o 2% 3 P 5 I * Caco-2 P2 2 HT-29 'w®2 ££3¢ NL 4= SQ &
2OV PR E P 4T ST 2 8

Ryl eB 8 h 5 pd it kR € & 7~-8 mM
(Bronner et al., 1986) » & | % % M2 e4r 3=+ Jk & M3t 5 mM pF > 4743
RPN oF gﬁg‘lm—s Ui x mie N> @ kR i B 5~200 mM B € rgk

@ ik - e o (Kellett, 2011) » Flgt 4725 12 4mM & 8 mM 2
SEH SRR A B HOR EMAT R B AR R TR B
+ Caco-2 ‘% v HT-29 m*z #8 *F 5% 2 3% =

BT 5 %8 BACH T LR Caco-2 fr HT-29 fm#e 4 £ 25 »
P BI (A) 5448 2x10° Caco-2 ‘m?e 3t 12-well plate > ‘m?e 4 £ i & %
Beo AFr X ED4 3R ARADPTFEA IERIRLIF 21 X
6d BT B)F fIlimee e BEA A g e B IR nE K ) pFehim e
A A ggeh = 45 % > TEER 20 8 *% 250 Q(Srinivasan et al.,

2015) > mpmiF-H K e chs B i3 k% % & (Daengprok ef al., 2003;

Lea, 2015)
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Bl ~ 7AkERis ™ BE Caco-2 m¥% fv HT-29 w2 thd £ |7

Figure 5. Light micrographs of Caco-2 cell and HT-29 cell. (A) Caco-2 cell
culture on 4 days(40x) (B) Caco-2 cell culture on 21 days(100x) (C)
HT-29 cell culture on 4 days(100x) (D) HT-29 cell culture on 21
days(100x).
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i Caco2 mPe B R4 > P 2l R R A0 I REHEE -
Bl 7 (C) 3 48 2x10° HT-29 sm*z »* 12-well plate » 4 ‘m% £ % & -
Bz 32 A& R K MEM # 2 RPMI1640 » 3 = RPMI1640 & & & X 32

%% BRI 21 % ‘ng_LIEJ’“é%mﬁ WL ‘m”é’F’giéflT“:%g » gL

3‘3

wiz T IR IR % (B I (D)) > TEER & 3 ** 100 Q((Srinivasan et
al.,2015) » M rz 8 & iz chx > 2% % & (Polak-Charcon et al.,
1989) e HT-29 ‘m % 4p i1 o

A it {4 e Caco-2 dm?e &2 HT-29 e 3| ¢ & F 32 g > dg it

AFRen ] b R ke s FIMF RBCRS T Rk o A AN R
BB N L IEE R D A2 L B o Fpt Caco-2 i T e

B i3t 44 3149 2. FF > @ HT-29 wPe enii 1 3t 54 3 59 2. [F o

~$FE A kR 2 SQ fr NL $fim%e 33 %5 & 2. 258

Bl fe®l = %4 r % kR 2 SQ~ NL 2 47 % Caco-2 ‘w*¢ 2 HT-
29w g EF 2R PSP NI I B e R T EFEHT
o BERBT A2 RERGVEIRZE T2 (S0 3 € 3 K Caco-2 mE
Z HT-29 m¥e > Fpt &9 %P 2%k B ¥4 % 0~200 ppm > @ 47 4

FER 4% 8Mm o
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120

A - A
1] 1] A T
~ 115 A A
S T A T
o T A 1]
< A 1] T
= T
(ﬁ L
< 110 [T]
>
S
>
wn
105
100 1 1 1 1 1 1 1

NL-50 NL-100  NL-200 SQ-50 SQ-100 SQ-200 4mMCa 8mM Ca

Concentration (ppm)

Bl ~ 37 R4k B ¥ Caco-2 b 35 F 2 B 58
Figure 6. Effect of different concentration of peptides and calcium on the
viability of Caco-2 cell. Bars represent meantRSD, n=3. Means with

different letter were significant difference ( p<0.05 ) by Duncan’s

multiple range test.
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Hw

80
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Survival rate (%)

40 r

20

NL-50 NL-100 NL-200 SQ-50 SQ-100 SQ-200 4mM Ca 8 mM Ca
Concentraetion (ppm)

Bl= ~ 5337 BoErRE4r ik B 4 HT-29 mbe 55 5 2 3258

Figure 7. Effect of different concentration of peptides and calcium on the
viability of HT-29 cell. Bars represent meantRSD, n=3. Means
with different letter were significant difference ( p<0.05 ) by

Duncan’s multiple range test.
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= FHEFHwe P A iE ja%%
Bl 2 B4 A B3Rt 2 P 2 400k & # Caco-2 ‘P 22 HT-29 '
vo 4T YL @g&%igzégz P BATHE G AR it Y A u A 36912
% 24h- B % Fa0 Caco-2 'wmie ¥ 34T 3+ i@ ﬁ“*} A 28| B =R e
BATER 2 T 12h A B 4s g 4T fmre &R (RN ) o @ HT-29
P A M BATRER 2T 3hﬁ* fATAE S (B ) A
* 2 (Hou et al., 2017; Tao Hou et al., 2015)% F» > is 87 3 » Caco-2
e E Ghp RS e AR RN L LB ST R AT AP

ST nlmte REHEE AR o e P AT R KRR TIIC R €

Db

E/

Y )3
._'.-Tl‘\"

G

B2 B A BRATGRT B PRERG — 0 @ adn ]

» 2

o
w o~ F e Y AT i 2 R
Bl 5 f1* & > d 2 %% Caco-2 w2 82 HT-29 fmiz ¥ §_F 4 4
4T8¢+ i i 30 TRPVG % Cavl.3 th% & o Caco-2 iw% % HT-29
miz & PR A W E 5 TRPV6 2 Cavl.3 4F 3+ i i -9 (Kellett,

o2 T

2011)» *=x FRE5%KE 7 Fpieizie g B2 AT A » Caco-2
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Figure 8. Effect of incubation time and calcium concentration on calcium

absorption in Caco-2 cell.
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Figure 11. Effect of different concentration of peptides on calcium absorption
under low-calcium concentration in Caco-2 cells. Bars represent
meantRSD, n=3. Means with different letter were significant
difference within the same peptides ( p<0.05 ) by Duncan’s

multiple range test.
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Figure 13. Effect of different concentration of peptides on calcium absorption
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meantRSD, n=3. Means with different letter were significant

difference within the same peptides ( p<0.05 ) by Duncan’s

multiple range test.
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Figure 14. Effect of different concentration of peptides on calcium absorption

under high-calcium concentration in HT-29 cells. Bars represent
mean+RSD, n=3. Means with different letter were significant
difference within the same peptides ( p<0.05 ) by Duncan’s

multiple range test.
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Figure 15. Effect of different peptides and their concentration of on TRPV6
protein expression under low calcium concentration in Caco-2
cells. Bars represent meantRSD, n=3. Means with different letter
were significant difference ( p<0.05 ) by Duncan’s multiple range

test
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