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Abstract: Calcium is one of the essential macro-elements in the human body. The scientific calcium supplementation is
greatly significant to maintaining life and health. The peptide-calcium chelates with good calcium binding capacity and high
bioavailability have attracted more attention. This work reviews the binding sites, binding modes, and intermolecular forces
between calcium and peptides in peptide-calcium chelates. Compared with free calcium, chelated calcium is more easily
absorbed in the intestine according to the summarization of the calcium absorption pathways. Peptide-calcium chelates, as a
new generation of calcium supplements, have a rich source of raw materials, high bioavailability, good economic value, and
broad development prospects. Further research is needed on the safety, physicochemical stability, digestive stability, and
Ca”" release mechanism of peptide-calcium chelates after intestinal absorption. This paper aims to provide new insight into
the development of novel calcium supplements.
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JHEE 7 1 AT REAFAE— 2559 . AR H L3R B
A5 SCHRXT 45 5 RS 5 14y XORN S B5 5 M A5 W IS0y
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SN E R S A IR . S5 TELEAEFE D IAE
JHF, AR SR IR B B8 b . B E &
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FUE S, A PLES AN IR A | 2 BEIR A5 . FLIRES
A5, ISR TR AR B ES T AH XTI, (RIS,
FMESRCRAL T IEHLES I . AYLES WA —E R
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TR, B S EUFSS O L DIEEZE . B EIEARNEK
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3, AN IR b FHAE i IUAIE (9 R It 24 551 5 7745
WHARES E 55 AR (8.9%) , HL ST Hi L 43 ANidE GFE PR
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B TABLES . TCHLESIX RN I LLSE, /N3
BREE a2 2 ek 2 0. /M FINE G55 A
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W TETE4 S5 o IFSRFE A T T sl o 2%
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2 % ( Glutamicacid, Glu) fY y-COO-F1 K & & IR
(Asparticacid, Asp) ) f-COO-, 2L (-NH,) , ZH 2R
(Histidine, His) [ BRI 5L (-CyH,N,) P21 L R il 1 it
(Pi)o WAL, FSIUEEG E TR S5 BUK A R & 5 A
o TE A S 0 T Y SR 2 o (6 L 2T A1
( Fourier transform infrared spectroscopy, FTIR) .
X 5t £k 56T 561 (X-ray photoelectron spectroscopy,
XPS) F#Z g e Pz I 1% (Nuclear magnetic resonance
spectroscopy, NMR ) &8 Z FhH7 AR A TR 53T o

Xu S5 R SrFXEHOR B Ca? 515 DLk
Leu-Gly-Lys-Asp-Gln-Val-Arg-Thr {7 Asp 5% 3L A%
FRAMEANEH, Wang S8 iIIFST A5 2 T AHIE]
251 . A, AR EZH Glu FIRIR & JE Ca® iy
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PR EY AT SRR 3k, ZH 201 I DRIss L ] B2 Z IR S 55109
25 G R, 548, Charoenphun 5°% 3@ 13 H 3/) Edman
I i DA 22 Al 0 b 35 5 HY 9 45 45 5 K Trp-Glu-Trp-
Leu-His-Tyr-Trp, AR LS, BREE T 1020 201
WIEZ RSSO o

Lee %1 Chen 4509 Cui £ Z= @ fg Y 43
FIMFEIL, B e, ST KPR HAA 45
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IEEES S

W5 K BIL, Vi 22 I 8] RS R K B AT AR R Y 1 271,
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WP, Si AT 5 FH T 75U B B v i AR P R IR 1L IR
( Glu-Asp-Asp-( P) Ser-( P) Ser, EddPSPS) #l| 45 T
EddPSPS-45% 44 (EddPSPS-Ca), F-X HAGLE G411
HHEAT TFSE, 45 RUESE T B 22 &R 00 B e 3L 2
Ca g Bz —. LA LWFgEaRI, B T Rkt
PR . HER . KPS SR 2 A1, B iR s R Bl e
Hebigehg W ESE R IR S a5 (R 1),
22 HAER

AT HGE T Ca® 5K R IR AL A AR Sk
B 45 A s 2, Hivp Ca? 88 A B AR B B R 3 A
(COO-) Iy FZ =AU . BUPT . Mrdefl o BRI,
WiE 1 PR, EREEECT, 08 B TS -CO0- 4k
H i — 4 AR EAE A 48 8+ 5-COOo-REH]
P R A EAE AT, S AP AR G an AR
-COO-EHP N ER T B 5B Taia. N
MR Resi=Xs; 2 Ca 5 S i — A~ s s —
BRI T (O, N. S &5) A HT, W o #2201, a-
#L A% (a-Lactalbumin, a-LA) &40 —Fp&5fF
P A~ Ca”glhi & AL A 1 /N 43 F (Mr 14200) 12 74
(P14~5)E A, JE—FhE A Ca¥' 45/ E ™. a-LA
A — SRS L, A7 5 R FH = Asp 582E(82. 87 Al
88) MR FLFNAREE P L (Lys79 F1 Asp84) FEM
AEEZ [ R IR B AATECIAR, Ca™ 45 G 3R T3
“Al Lys79-Phe-Leu-Asp-Asp-Asp-Leu-Thr-Asp-Asp-
AspS8, TEARNFHIFIAY a-LA s BELAFH, IR
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Table 1 Some of the identified calcium-binding peptide chains and the binding sites
i 5 Gt i
it Leu-Gly-Lys-Asp-Gln-Val-Arg-Thr REARRII I [13]
Gln-Glu-Glu-Ile-Ser-Lys BEPR IR [23]
FUEEA Glu-Gly BEFRIRIE Pk, 5 [24]
Rl Val-Leu-Ser-Gly-Gly-Thr-Thr-Met-Tyr-Ala-Ser-Leu-Tyr-Ala-Glu BRI PR [25]
INEE Phe-Val-Asp-Val-Thr REHTRII RS [26]
e Asn-Asp-Glu-Glu-Leu-Asn-Lys BHER . REFARRNREEAMEARERE T, BUKPEERER [14]
IR Thr-Cys-His SR e [27]
o Trp-Glu-Trp-Leu-His-Tyr-Trp RHRIRINRIE, AR Pk [28]
Asp-Gly-Asp-Asp-Gly-Glu-Ala-Gly-Lys-Tle-Gly BEIR . RAAR, Gk LR [29]
Eh 23 Phe-Tyr B K M SR [30]
e Val-Leu-Ser-Gly-Gly-Thr-Thr-Met-Ala-Met-Tyr-Thr-Leu-Val B K P R [31]
LTI Val-Ser-Gly-Val-Glu-Asp-Val-Asn WHR . REAR . Bk EEIER [32]
PAT/S Asn-Arg-Gly-Asp-Glu-Phe-Gly-Ala-Phe BHEIR . REHR . Bk MR [33]
ik EH Ser(P)-Ser(P)-Ser(P)-Glu-Glu B BRI PR EE R 22 S IR R FE 1 iR 5t [34]
BB R 2R R AR Glu-Asp-Asp-(P)Ser-(P)Ser BRI REARNERIE . FIE, B2 R AIBERRIE [18]
a-FLAEH Lys-Phe-Leu-Asp-Asp-Asp-Leu-Thr-Asp-Asp-Asp RAARIIRIE [40]
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Binding modes of calcium ions to active sites
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Fig.2 Absorption pathways of calcium ions in the intestine

AL
(PMCA)

) R
L0 e



%4534 55 19

(SIS S W WL TGN T ERe N - 387 -

shizkin, 44232 D GRS X RS ik ts, (et
TEXTES WA . A IE WIS G HE A M IRAEIA S, B
LIRS UURRAE S, TE A5,

3.1.1 B4iMuiititisiz Ca*t  BESYiMisis R
AR, 5, Catt iR A (BBM) #E A4
s SR)5, AR 9 Ca® PURIR 3 FERREEL 2l 31 L s )
JiSEs FRe e, %3 a SRR E A M ™. H R —
FEAESER IO, 43 ) AR Ry L. b s Fn it
MELEP

3.1.1.1 ey Ca*iid e 4EESFSmiE TRPVG6,
TRPVS fll Cavl.3 #EAGUIML ., ARG, Ca? 58545
G 8 45 A 18 S 4 A ST s e B RS . e 2,
Ca? A5 45 & 25 AR B 25 A ) T = U 45 ATP 1
(PMCA1b) 8% 4AF5 22 e 88 1 (NCX 1) P32, PR
25 Ca® \IHAn M HER AR A9t 72 . XA R dE
(O SIETN Ve Rl

3.1.1.2 #Eisti  RR I AR [l Ca® M 1P
ISR PRSEIT 538 I8 R AU A 22 BT, 5 1R AR
FEPE L. FOERM & Ca” 3 nlE T s iz
i, AT SEERHARL G . R, B EIA A2
FIFEERMIAE S5 RS, 0 Ca? gBT H B4y,
3.1.1.3 PERFHE  Ca? il 458 (SOC) A
MY, SR WS ZE (SERCA) ZETE N RN _E, Bl iE
IP3 1 RyR & rv o L re & M) BEE R 0T 114 P 5T X 58 4
PP B YRR Ca” Fe 2%l it PMCA BB 51 1 7
s

3.1.1.4 4i/l: 2 DRI Ca¥ s dfiitiz 4%
D JEE Rz s BB R 2R, RS IR T shis i
Fiwlk shiz g iFhiz s te . Ca* i3 D sl

PepT1

—_ /
JikA 18 A
-

-
@ /1 Q%

T, WO FHUURR R B85 b . 423 D S4EA#
D ZAR(VDR) G & /5 3E AL, i DNA $4 5%
i mRNA, et Ca* # iz AH5EE H (TRPV6. 45454
. PMCA1b 55) B 6 0l 1o HE4EAE 22 D Al
PR IR BRI BTG 1L, 7 Ca® -ATP B
VERIR, & ahFERE, fff Ca® [ MR B, AN, A
WFFTHIEIA4E2E 22 D 5 VDR XM O 40 i 55 8k shis f
WEAVEAEN, 4i4: 38 D it i S sEeE
PSR, EBEES Rk st

3.1.2 U5 imiRiis ca® W 2 s, i ss
AR T E AN 2 (8] 1) B R % 425 45 44 (Tight Junc-
tions, TI) K, IXELLEFARA T A0 M T AR AT LIS
HIMIAS 2 [8] B4 R AR5 Ay 3R 00 3 3% 322 Fh 5 AR
FI . 2B 22 Ao AN AR S R ZH Y . T A5 IR
FIZE SR T 40 i v A, 045 A ZEAT -1 . P ZE 2R 1A
claudin®", TG ik Lo HE A 40 it = 18] 72 B2 31 BR il 4 iz
iEat A S As A A s sl B lad R e
A3z B B R T8 B BS T IUREERR B i Tz
FOFHBRRE . YmIEE N Ca> W IER I, — R4 Ca?”
ol BEAE Ao 40 A 5 AR A5, U6 A BB R B R A
I KRR ASTEAERE H, (HR I AR A5 5
BN ADER ST, B SN

3.2 BR-$5EESITERRRIRYHLF]

ANEITFHES Ca> 1, IIFFE 2, IK-E5E851)
REAEHRHT I AL, FELA/ N IR AT 2l A IR 2 1
B/ NGRS, R, T i A s )
IRARAT BT 08 K-S 5 0 A2 1E 45 12 8T 174 4R o P
#il, I BAE S b SCHIER A IE 28 Ca> WLl i Xt H
Z R, R IR ES G S AR A5 Ay T L A . A

LI ][R E
B 4iffssgis

K3 ZIRAEE N AR
Fig.3 Absorption pathways of peptides in the intestine
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