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Abstract

Casein was hydrolyzed by alcalase to produce iron binding peptide (IBP). IBP was effectively separated from
casein hydrolysates by immobilized Fe* affinity chromatography and further purified by reverse phase chro-
matography. 25, 50 and 100 pg/mL of IBP solubilized 4.2, 5.7 and 7.1 pg of ferric at duodenum condition
(pH 6, 37°C), respectively. According to the result of MALDI analysis, molecular weight of IBP was det-
ermined to 2,175 dalton. IBP was mainly composed of proline (24.5 mol%), lysine (15.7 mol%), and glu-
tamine or glutamic acid (14.9 mol%) and its N-terminal sequence was Met-Ala-Pro-Lys-His. According to the
information obtained from molecular weight, amino acids composition and N-terminal sequence of IBP, it

was evident that IBP was from f102~119 of B-casein.
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Casein 7F-&8lilE H=x

Casein (Sigma Co.)& 20 mM sodium carbonate 2+
Lolof] =of 10%3 9HE 11 alcalase 0.6 L (Novo Nor-
disk Co.}& casein®] 10%°f sl X8 3713}
o] pHE alcalase®] ## pHQl 82 FAZ F, 45°Cql|
Ay 4217 Eek vh-- Al A casein 7FHEE-8] 2SS}
ul2 % wlool S 90°Colla] SE7F ulx|slo] alcalase
2 29493 A7lo0 AT pHE 4622 2Ysky
4,000x gol| A 2087 YA #eldte] 2 A5E F

FrerollA] 24715k FA3llem o] 5 peptide-§-)
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Casein 0. & 3¢ alcala%eoﬂ olsf AAIE peptide F
A R3 7Ajtedo]| 9l #&-& FPLC (Pharmacia Co. Y4}
oll 4 immobilized Fe™ afﬁmty chromatography & ©]-§-
sto] a3hodrt. AFS-E F-=H2-v)l(binding buffer)= 20
mM sodium acetate (pH 5.0)01%] 2w 8-Z2-vl(eluting
bufferyi= §-2H-4-rfoll 100 mM sodium dihydrogen pho-
sphateZ % 7}s}o] pHE 5.00.2 23 £ A}43}

oo} 48 I mL/mino]gl 7 &2 206 nmoll A
galdct. 8-&40E Esle] ¥2]= peptide 5 iron
binding peptide (IBP)3H-& 4=%2]3}7] s HPLC
(Model LC-900, Jasco Co.yitell4] 234} column (crest-
pak C18S, Jasco Co.y& AH&-3}gdch. AR5 o] FAFS
0.1% TFA in H20 (A)2} 0.1% TFA in acetonitrile (B)
o)1, 95% AolA] 50% A7FA] 508 £t Ak :rz‘ﬂﬂi
1 mL/mine] §%2°2 220 nmol|4] 7 &3¢}

fractionS &.o} 15}91 o] #}(molecular weight cut off 100,

Amicon Co )3z 2 EEA1A c}& AFHE Y3l A}
&3kt
IBPol HE7I83ls

IBP2] Alo] x| ZAel42] 2 o 2y

8}7] ¢Jsle] =52 = IBP £ °a”é =3} FeCl;. (50
g/mL) 2.5 mL& &3 3lo] pH 622 1 N NaOHE o]
B8to] A F, 37°CellA] 1A 7E ¥H-5-A1H 4,000
g 5'CollA] 3087 dAl¥eise] Ao xgd 3
A7) 2 ok iz 7HEA A FE ol for
rozine "ol 2J3te] EAsleich HA HEAdA o]
E3E Al 10 mL-& F 3ked 0.02% L-ascorbic acid
0.625 mL%} £33 3 10327} ulx] 3] 10% ammon-
jum acetate 0.5 mL2} BF-8-A] 7] 37 1 mM ferrozine ®HA

AJ2F 0.625 mL-& ol 2087} ghiollA] = A A}
32 284 05 mLe Yol uke-g AAA7] T 562
melA FFEE AR TEEAS AHREt]
A& pH 64 2] HErwo} FHE7e] Ao <
sl 7H8d Ayl wEg a4kt
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Matrix assisted laser desorption ionization in mass
spectrometry (MALDI)= soft ionization®] 2.2 2] g2}
AeRE FASE W ogA gA) 9 g peptide
2] gt A6 de] ARgEelx 1 9o AR
10 pmolE- 0.1% TFA solutionol] = 1 uL2 ZA3%
%, matrix SPA solution in water/acetonitrile (1:1) 2
uLe} &E3}sto] Kompact MALDI Il mass spectrometer
(Kratos Co.Y& A}8-3Fo] 337 nmoljA] nitrogen laser &
BP2] ¥A12¢ S0,

1BP2| ojo|=it =M U N-terminal sequence

FAAEH IBPE SR d=sld A4 110C
ol 4] 24|17} od 4t o2 rHpRsf A7) 3 bR o)
"] 4H& phenylisothiocyanate (PITC)E. = A3 A
71 ¥ AlEE 433] A 247 HPLC (PicoTag Sys-
tem, Waters Co.)}ol|4} PicoTag columng o]-&3}o]
F4338l9] 2 IBP2] N-terminal sequences= P. Edman
degradauonHP 2 2H23}3F ProSequencer 6600
(Milligen Co.)Y2- ¢]-&3}o] 3 s}g]c}.
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FPLC chromatogram-& BolsF31 Qlow QEFE2 o]
£ 7} 5-3off 2o|3ted E2l% peptideE-5 4} column
£+ E38lo] 220 nmellA] ¥ HESIE-EHe] HPLC
chromatogram-& ¥.03531 Qlc}. Alcalaseol] 2]3}o] A3
A% peptide 52| -2 F2Evlol 25l £&5
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e S deiFa ok aeid 824l o)
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Fig. 1. Immobilized Fe™* affinity (left) and reverse phase column chromatogram (right) of initial, unbinding and bind-
g

ing fractions of casein hydrolysates produced by alcalase.
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g peptided) & & 4 UchFig. 2). o2 ot
o] peptideZ- IBP (iron binding peptide)® = 5}7| & 5}
At IBPS) A 7435, ¥AE, oboleal 24, N-
terminal sequence 5-ol #&F AFE ¢} FPLColA]
2% IBPE3-& HPLCAMlA 34} columng o]
gte] EaRelsla o] ES e, FAAx 59
S $38led FEskadch

AEE 52 Ao XAl FE ] MR
o]-8-4 (bio-availability )2 E=o]7] sllA= A o] 4]
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Fig. 2. Reverse phase column chromatograms of whole
peptides produced by alcalase (upper) and peptides elut-
ed by elution buffer through immobilized Fe™ affinity
column (bottom). Peptides in black were from fraction
7 in whole peptides.

9] Alef & Folgldth(Fig. 3). A A E Conrad”= A3
gl HEo] $jef 279] pH 2o & tHEE 718344}
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Fig. 3. Iron solubilizing abilities of IBP after incuba-
tion with FeC), at pH 6, 37°C for 1 hr.
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Table 1. Mol percentages of amino acids in iron bind-
ing peptide (IBP)

Amino acid Mol%
Asx 1.7
Glx 14.96
Ser 1.71
Gly 0.88
His 3.18
Arg 0
Thr 3.56
Ala 6.50
Pro 24.54
Tyr 1.93
Val 7.01
Met 6.24
Cys 0

lie 1.10

Leu 1.97

Phe 9.00
Lys 15.71
Total 100.00

tamic I glutamine (14.9 Mol%) $2] opv|Ato R
TFA o] 9]l 2o (Table 1), ©]52] N-terminal sequ-
ence S ZARF A3}, Met-Ala-Pro-Lys-His®] 2.2 o]
2oiz] 9)alt}. Ba}ek, olv| Al FA], N-terminal se-
quence 52} A#ES £3ts] ¥ IBP= casein 3 B-
casein®] o}n|xAbM A 102~119¢] sd3l= 187119
oblnates FAL pepridedld % + UM

Table 2% o] E7ke] olw|AbzA], ¥-x}2F, N-terminal
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Fig. 4. MALDI spectrum of iron binding peptide (IBP).
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Table 2. Comparisons of amino acid compositions, mole-
cular weight and N-terminal sequence between IBP and
f102~119 of B-casein

Amino Acid IBP B-CN (f102-119)
Asx 0.3 (1}
Glx 27 2
Ser 0.3 0
Gly 0.2 0
His 0.6 1
Arg 0 0
Thr 0.6 1
Ala 1.2 1
Pro 44 5
Tyr 04 1
Val 1.3 1
Met 1.1 2
Cys 0 0
Ile 0.2 0
Leu 03 0
Phe 1.6 2
Lys 2.8 3

M.W. (dalton) 2,175 2,173

No. AA. 18 18

N-terminal Sequence : Met-Ala-Pro-Lys-His

sequence S B & 51 Q). IBPE FAJ 5} gl o}
B3t g ojuldt o] A¥-te] Aol Toishiz|

.

= % 4 121} histidine, cysteine, glutamic acid S-o)
7heatele} Al 483 422 )9 o
B A7) pasojol & oo} o)At AnlE e
-] casein® 2H-E] alcalaseo)| 2|3 MAIE IBP7} Al
oA el ZAstolA) A FHEHE 2] G447
o= AR S & 5 9lgdch

2| Zol| caseing trypsin . 7ppEa A2 w AA
%)= casein phophopeptide (CPP)7} Z4-2] AU &4
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gto] A Uloll 4] 9] o) 9] FHEAS ZRAA AP
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75 53l Hold HE183150] glEs o] 7| 29]
CPPS} 7154 Q] ®olu} AA| A<l Aol £ A
S AV ok AbgEe] 43} IBPE o] 43 Ay
7R Al E 59 Awte] ybsstelel i Eioh

2 %

- caseinth A& alcalase & 7}r2-a) A 7S of,

A== peptide 5 HEH A o] 9l peptided]
IBP7} immobilized Fe** affinity chromatographyol] 2]
dto] golatAl #elEgic}. 1BP] Rxleke 2,175
daltone| 12w pH 6, 37°Cell4] 14]7b5qt = ake)
H¥3} e Aelald e A%, 25 50, 100 g/mLe] IBP

© 747 42,57, 71 g2 MBS 7AiM s
B3} IBP= proline (24.5 Mol%), lysine (15.7 Mol%),
glutamic £+ glutamine (14.9 Mol%) S-2] o}n] 4} o
2 A=Y ¢)edov] o]E¢] N-terminal sequence+=
Met-Ala-Pro-Lys-His®] 2. o]20]x] 9)gic}. ¥-a}
%, o}vlicAt F4), N-terminal sequence 59| Z#}2
%38 B9 IBP= casein 3 -casein®] o}n| - AF 2]
102~119¢] sl 18702] ofvlxpilo s 4%
peptide 3] & < 4= ol o}
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