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Abstract

Calcium is one of the essential mineral for the humans due to its crucial physiological functions in the body.
Calcium deficiency results in many diseases, such as osteoporosis. Therefore, calcium supplements are available
as a functional food. However, most calcium supplements in the market have a limitation due to poor absorption
and low bioavailability. Thus, calcium-chelated peptides for improving the absorption rate of calcium have been
isolated from foods including porcine meat and bone meal (MBM), and mussel using the enzymatic hydrolysis
of their protein. The hydrolysates of food were ultra-filtered in order to obtain small peptides less than 3 kDa
and the Ca-binding peptides were isolated via the anion exchange chromatography. The binding activity and
concentration of Ca-binding pepetides were determined. In particular, the MBM and mussel protein hydrolysates
were fractionated by mono Q and Q-Sepharose, respectively. As a result, among the fractions, the fractions of
MBM F2 and mussel F3 showed the highest Ca-binding activity. These results suggest that MBM and mussel
protein hydrolysates can be used as calcium supplements.
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1] §ZFEo AL Garcia} Phillips(9)2] S
A sle] 32319k WA, AJ52F 0.1 M NaCl2 1:5(wjv)

€2 41 2 &39S homogenizer(IKA, Ultra-Turrax
T25, Staufan, Germany)ZE ©]-8-3] 10,000 rpm®l| 4] 30% &
oF 7283} A|AF 2, sonicator(GE 750, Sonics & Materials,
Newtown, CT, USA)E ©] &3} 1553} sonication 3}t
chil o] &3 =o]7] flal 60°ColA A% Bt wHkgh
%, 10,000xgol| A 1417 AAle] sto] A2 S 54
Azt

AFHA = GRS AR & did S FZ39 ok
(10,11). 215232] ¢} isopropanol S 1:4(w/v) B &2 4Jo]
Az}t AAF F 37°Cel| A 1A E B3 FAAIA TS
AAs= Ao F W vt 54 dxsisith gxd
AFHEA] AlgoA] dulds F53517] 9@l deionized
waterS 1:6(wfv) B]&Z 411, 1 M NaOHE- ©]-&-3}o] pH
122 B FE £ 1AZF S A A AT 10,000%gel 4]
lo d& A5AS 1 M HAS o] &3}

=

2087 AR

x| ctllEol 7i+EsE M=

A S22 AT WA A £E 10 mM sodium
phosphate buffer(pH 7.0)°l 22 &3lj5le] 2% &Yooz
R B PR R R e
¥ A2 E Novo Nordisk Co.(Bagsvaerd, Denmark)<ll 4] %]
S} alcalase(from Bacillus licheniformis, activity 2.4 AUjg
protein)E ©]- &35tk 714 ] E4E 500:1(ww) = H 7}
3le] 55°C, pH 7 2710l 4] 12A13F Bt 7F=R8)] b A

314 A2 A2E (2015)

mf 2413k A RS AF St Tl 54 APl
AFE-SFITH12).

It 53

A SEE @ AFHA| i VRS =8 S5
93l trinitrobenzenesulfonic acid(TNBS) method(13) %
O-phthaldialdehyde(OPA) method(14)Z A}-8-3}%I T} TNBS
method= available amino group concentration 27 ol ©]-&
He o R, HeolE 3 Sk o] &alith s
o] 0.1 M sodium borate buffer(pH 9.2)5 3 7}5}3 5 mM
TNBS reagent$} E338le] 304 &<t vHEAI & Wk
BAA717] 9130 18 mM NapS0,9F 2 M NaH,PO,Z H 01
ANom, 420 nmo| A FFEE S8t el = S
=733} th. T3 Nielsen 5(14)2] OPA methodol] e},
A& 400 pLell OPA reagent 3 mL<& 7}l 5% &<t
Aol 5 282 REEAIA 340 nmell A S =S S5
o 7k = okl Aol ofs 3L, ODew= 6
N HCI, 120°CellA] 24413t F<F 7hritsl] A7l A8
A= TH15).

(ODsample‘ODblank)/ (ODtotal‘ODblank) %100 %

Zs 2% #Heol=2o| 2|

92 S P AFEA G 7R S-S Amicon
8200(Millipore Co., Billerica, MA, USA)Z ©]-&3to] &+¢]o]
7} 5}91 21, Ultracel PL-3(Millipore Co.)Z %3}l 3 kDao]&}
o] JlrEdllES Aol B4 AxsAnh =X SEE oY
A 7}EEL 10 mM Tris-HCI buffer(pH 8.0)°1 &3]3}
o] 1 mgmL &5 #]|%& % fast protein liquid chromatography
(FPLC)(Amersham Pharmacia, Uppsala, Sweden)E ©]-8-5}<]
anion exchange column(Mono Q, Amersham Pharmacia)&
54l 2 mlymin®] 402 RIS AFEA W
7Rl &2l 7%, Q-Sepharose(2.5 cmx10 cm, Amersham
Pharmacia) S ©]-&3}o] 2 mL/min®| f%0.2 £330
™, loadingdt Al 22| FXE 2 mgmLo|Uth F 714 A&
R o]%4 &1l AE 10 mM Tris-HCI buffer(pH 8.0) %
3t 1, €1 BE 10 mM Tris-HCl buffer(pH 8.0)] 0.5
M NaCl& #7Fste] AHESRith 83 Al 852 B 214
mol|A FFEE S99, T8 1 T A= AA3)
71 95kl 100~500 Da size®] membrane(regenerated
cellulose, Spectrum Laboratories, Inc., Rancho Domiguez,
CA, USA)E o| &3l dialysis3t & BAAZ gt} 24
AFE S A3

Ca binding capacity &3d
T4 1xd 7tEslE #8510 mM phosphate
buffer(pH 7.0)°l] &3t} S5 WWAIA & F 2.5 mM
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calcium chlorideE %7}t 1 hr &< A2l A stirring
SFHA RESAIZ T BEg-o] B F 3,500%gel 4] 20 min
< 94 Eeleto
method(16)°l] ©]3ll orthocresolphtahlein complexone reagent
Z o] &3] calcium ¥FS 7 H3tA

ASHNE A,  colorimetric

EAHX 2|

2 A3 BAA EA4& 913 SAS(Statistical Analysis
System program, 8.1, SAS Institute Inc., Cary, NC, USA)
Z2-g 0|83} 21, Duncan’s multiple range test "
He Sl 4 A1 794 (p<0.05)2 HS3skTh

2 Zheel o] Bel o] 8H 1 glek1y). @] v

HA] - OH, -COOH, NH,
Za< HES muEe] Z3g &olsH vtEo] Fotn
A A ATK18). webA] & AFolM e =R SEE Tl
< alcalase 2 71331 calcium binding peptide S 2]
stz st o, 7R =S gelsly] 98] Alztel w
2 HEelo]=9] kS TNBS method® =7 3 A3}E Fig.
1ol YeRRRATh A §-3F-2] 7, available amino group
< 7kl R et Srbste e Belon,
E3] 27] 2417t B¢t 447 mMollA 1663 mME 7S 54
S7He eI, S7HE2 A At haste] 12403 &
= 2244 mM®] FEE YERITE ek 2T o
A% H|5=3h Aes B, 7kl Algto] Aol w)
2} TNBS assay 23} 27| 7.29 mMeol| 4 24|17t & 16.80
mME 43 SV B3 HAF S7ER0] fHhsie] 124]
3t FolE 21.83 mM=E UERETE B3 OPA methodol] o] 3t
7HErEslE S AA 2719 2k 21%00M 43% = S7tst
o], alcalaseZ ©]-&-5}9] tilapia( Oreochromis niloticus) TH
Ag 7hrdel gk A3 AR TH19). B, Th el
AlZro] A5 TRl =t S7FsA R, 4 AL o]
F2e A TV ot 71| AT} vlsgt e
LER 2ATH?20).

=2 o

ATH21). Jung 5(22)& 1~5 kDa2] A EAtES 717 HElo]
=7 AW o] &EF FEc] Erha Bagk vl Qi 71E
Aol Al AoZl Ca binding peptide?] AT GA| 1.4
kDa(23), 1.2 kDa(24), 1.6 kDa(25) 522 UElit}. o|2jh
ATFHNES FARE dto] & ApedA s 7 E
A 3 kDa ©]st= AR sttt HEte| =7F A
28 27) ol aHA o R Aty el wAlst
£ 2= AAES 72 lojof st 26), SHelojT &
T4 11x9 HA] SR AFEA] Gl e Ee
anion exchange chromatographyl] 2|3l 2|3} t}. SA]
|ZTE 7HrE8]E-8 Mono Q columnel] 938l £33t Ay}
2709l major peak= 2] 3 =H|(Fig. 2A), MBM-F1%}
MBM-F29] peptide el tigt Ca AFH F=E S
A} 247} 0.1849} 0.840°0. 2 MBM-F22| E&lo] Zh¢7o
et d3tgo] H% =2 A2 = YETH(Table 1).
FFER] dlE 714338 52 Q-Sepharose ion exchange
chromatography©l] |3l #-2]st%l2™, 1 ZA 3} Mussel-Fl,
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Fig. 1. Effects of the hydrolysis time on the available amino group
concentration and the degree of hydrolysis.

(A), porcine meat and bone meal protein; (B), mussel protein.
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Fig. 2. Elution profile of (A) porcine meat and bone meal protein,
and (B) the mussel protein hydrolysates from the anion exchange
chromatography.

The absorbance was measured at 214 nm.

F2, F39] 37}4] major peakE V= 5 U THFig. 2B). 7}
EgoM e A& AASH] $13] membranes ©]-&3t
dialysis ZHg& Azl &, 3714 Ego vigh Ca A3 4
A3} z+z} 0.110. 0.097, 0.875% VFEFSEAL, Mussel-F39l)
3k Ca A28 o] 71 £ AS & = AN TKTable 1).
7} F8o] 2 2FEL 7Rl EY] BT el
o] oju]i b FA o upe} DAy, 53] v P} 2
5ol A & & e 7] ol T8 847}
HActn B uf Aok18). ek B AtellA] Zg A%
o] =7 Yehd MBM-F29} Mussel-F32] 7%~ E} £89]
Hgl| Zga Ashed 2ol 34491 dEke nxE o)
eAbo] EgtE o] Qlvka dekETh

21F childe] F44 7155 E e £2]3h Cabinding
peptide== H FWZFEH A2 Val-Leu-Ser-Gly-Gly-
Thr-Thr-Met-Ala-Met-Tyr-Thr-Leu-Val(23), 222 2}2] Asn-
Ser-Gly-Cys(27), =A@ dul 4 o] Val-Ser-Gly-Val- Glu-
Asp-Val-Asn(23), Al-§- 7} F-AHE2] Thr-Cys-His(28) 5-°]

T ZAAFESES| ] A2 A2E (2015)

Qth Jeon (272 ZF AFl Ser, Gly, Cys 5°] 523
kg ghrta Hudk vk 9la1, Choi 5(29)< Glue} Asp7}
nju| o] Aglo] Bojgitiar kit B3 MBMZ} mussel
meat®] FAA 7R A oA TR ge] -
471 otmlxsbEo] FHEHA EfEe] dvta #kEn
(30,31). WA B AF A7, Ca AFHol =4 Yehd
Fefo]= F-8 Zrofi= Ca bindingoll #o3l= Ser, Gly, Cys,
Glu, Asp 5°] A A olgta AztEH, o]df] i =
T F71EQ A7 28 Aoz AtgHn) 3 V)&
7719 Feje] Zg BEA R oS g Aol Al &5
&o| =& A FEto| =0 tig Fart moldd w
2}, 2 A7 27 dojz MBMR29} Mussel 3= ZH5 23
A Re] &go] shesitta ATt

Table 1. Ca-binding activity of the porcine meat and bone meal
(MBM) and the mussel protein hydrolysates fractions

. Peptide
Fraction Ca co(r:rceﬂvrll)tranon concentration Cajpeptide
(mM)
F1 0.027£0.002°"  0.148+0.001° 0.184
MBM . ,
R 0.024+0.001 0.02940.002 0.840
Fl 0.0290.001*  0.259+0.001° 0.110
Mussel R 00250001  0.260+0.001° 0.097
B3 0.0280.001°  0.032+0.001° 0.875

DAIl the values are meantSD (n=3). The means in the same column followed by
different letters are significantly (p<0.05) different in Duncan’s multiple range test.

Q (o]

AgE Az Y g 2RELAS 2Els] sl
HA S AFEA] dud S i Fa) 849l
alcalase S ©|-8-3to] 78 &S Al X3 2, AW &5
7} 8olgt 3 kDa olst= dHelod @} st =R S
7HFEEE2 Mono Q A# S B3l EElstia, IFEXA
7HrRslE2] 7% Q-Sepharose 2 +2] 3lo] z}z} 27Y, 370

N

9] peptide fractions A°] 7t fraction®] Z A3 S 5%
skt 1 237 MBM R29F Mussel F39llA] 718 =& 24
A YJep o, uebd] B A Az dojxl 74

BAlEES 24 BE 242 B4 4 sk Ak
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