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A Study on Iron Binding Peptides from Casein Hydrolysates
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Absract

When casein was hydrolyzed by trypsin, alcalase, neutrase, protamax, and S. aureus type V8, peptides (100 pg/
mL) which were produced by trypsin and alcalase solubilized 6.42 and 2.37 pg/mL of added irons at pH 6,
respectively, while peptides which were produced by other proteases solubilized less than 1 pg/mL. Peptides
produced by trypsin and alcalase were fractionated to 10 fractions on a reverse phase column and each fraction
was tested for its iron solubilizing ability at pH 6. Among peptides produced by trypsin, fraction 5 showed the
highest iron solubilizing ability (2.33 pug/mL). In the case of alcalase, fraction 7 showed the highest iron solu-
bilizing ability (1.56 pug/mL). To isolate iron binding peptides from peptides produced by trypsin and alcalase,
immobilized iron affinity chromatography which irons were chelated to imino diacetic acids in chelating
sepharose fast flow were utilized. Our results showed that immobilized iron affinity chromatography was an ef-
fective method to isolate iron binding peptides produced by either trypsin or alcalase from milk casein.
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Casein 72818 M=
2 Aol 4] A% protease & trypsin} S. aureus
type V8 Sigmail A)F-2-, L 2] alcalase, neutrase,
protamaxi= NovoA} #|E-S AF2-5}33c}. Casein (Sigma)
20 mM sodium carbonate £+l =of [0%2
E-31 7} protease2] ZHAuhg pHE FA3F 3, oA
o] protease s A 7F5}o] 45CollA] 4417k kg A
zkzke] casein 7}3 rﬁﬂj‘*—* lleO*LF(Table 1). v}k
& F gl 90CelA] S e
w945 Agom BAE pHE 460F Eya
4000><g°ﬂ"1 2047t A Fe]Ele] S AAGE &
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Peptide s£&%

Peptide -3 %% 8}7] 2|8}e1 micro-lowry ¥ (Sig-
ma) < AF2-3lelc}. 2 0.85% sodium chloride-g- A}—Q-s*}
o] izl gol g erHla o] THLolg whiggr
casein7 = H-all 2] hiAl pu & 15~100 mg/dLOI &]
52 233 % 02mlL$ 38le] cuvettel] Par 22
mLe] biuret A2}t & ‘J5}01 10X ok Aol 4] M)
stedrt. 0.1 mL Folin & Ciocalteu's phenol #] A]2¥F-28- 3
7hske] Eger $- A-2ollA] 30%-7F A 7ok Spec-
trophotometer (Hitachi 200-0062, Japan) 725 nmol| 4
0.85% NaCl g-olol| sl F452 95, TFHA12
BAE dE Aol ojate] vhgRalEl whula o) Flo

Table 1. Conditions for producing casein hydrolysates

Proteases E/S ratio™ pH Tem. Time
Trypsin 1/100 8.0 45°C 4 hr
Alcalase 0.6 L" 1710 7.5
Neutrase 0.5 L" 1/10 6.0
Protamax 1.5 L." 1/10 6.0
Staphyloccous 1/5,000 8.0

aureus strain V8

"Novo Nordisk. Bagsvaerd. Denmark, L=AU/g.
“E/S ratio=enzyme/substrate ratio.

Peptide®| E&7183ts
1\}] H = peptldb ] Hel ’;JC’]Xl zol- }47(10“‘131 =R
7451558 £33 $13ke] peptide8-24(100 pg/mL)
10 mL¥} FeCl, (50 ug/mL) 2.5 mL-& -E3}t3}e] pHE
2 v 655 | N HCI3} 1 N NaOHE o] &3le] %3]
3 %, 37CAA 1417 HFSAIA 4,000x g, SCA4]
308-7) 1Al Balslod Ll_ouoﬂ FaE AR ¢
ot oliz 7 HEe] k2 ferrozine 7 AAMEF
HEAE ol 8310l 2ysiaic)
Dol ad A Be] ¥§E Akl 10 mL
2 &kl 0.02% L-ascorbic acid 0.625 mLe} &3}+st
F108-7F whatalod 10% ammonium acetate 0.5 mL2}+
"2 2] 7] 41 1 mM ferrozine 48 ]2k 0,625 mL-& 4o}
2037 haell 4 AL e 33 S5 05 mLg
o} #h8-& A#[4]7] F 562 nmel| 4]

3

'
Hool HBELAE g3l Ve 4491 GERE
hE =,

g

Ferrozine "

e LA Ee (e FHoR 4H F 37
FHaa dolie 3 el wolgl: H¥EE A7)

ghafoll 4] olln] A 58§, 600°C2] 3] 3}Roll4] 347}
wHa) shelvh. f7) el r‘-} %l Al 85 50% HCl 6
mLef| o] 2hH *z-i.;ﬁA]:?]:w_ 0.1 N HCIZ 25 mL =
e R f7d A eFdk F, o1 9k2](whatmann paper
#1)s of 1}alol %:IZPFJQ-%LL\;’%](Perkin Elmer model
2380y o] &3} tlololi= M Bo] okl ZF}gir).
zF peptide 2] A 47488158 ferrozine 7} =z} &3
A% o) gale] F4%) 7hrtel AL F b4

& [Nk
A Reks gqrsto] vivhy oz sl

HEZAE peptide?| 22|
Ak ¢

ol &L

>4 4} chromatography: Casein 0.2 €] trypsine| v} al-

calascel] 2)al 4% peptidetir 4k column (crest-

pak CI18S, Jascoye] 2% HPLC (Jasco Model LC-
Q00)5L 220 nmel| 4 -4 1 mL/min 2 F-a]3}eich
Ab2-x] o]lZ4ake. 0.1% TFA/H.O (A)2- 0.1% TFA/a-
cetonitrile (B)e]:iL, 95% A4 50% A7}A] 5038 F-<F
AAF el 2 1074e] 38 (S ml)e g §3 s
odrt. 7 H-3-8- wol &elofsk(molecular weight cut
off 100, Amicon)27| s -3 A7 7F H3le) gt H

W 7H8-8H 58 pH 60l 4] ferrozine ¥ 2 & & stoirt.

lmmohlllzed metal affinity chromatography (IMAC):
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Casein ©. 2 %-E{ trypsino|t} alcalase°1| ols A= pe-
ptide 3 A &3} Z3ldo] gl= £3-2 FPLC (Phama-
ciayibollA] 0.1 M FeCliE chelating sepharose fast flow
ol chelatingA] 7] 1. o] 2} 213} 0] Q)= peptide S £&
|o] 5 E3le] F-2]dh= vl 2] immobilized iron affi-
nity chromatography £ |83} #j3tgic}. 4185 3
Z-2-v) (binding buffer)i= 20 mM Na,HPO,, 0.5 M NaCl,
pH 7.201%1 7 §-%&-vf(eluting buffer= F2H-§-vlje}
et 5‘”3}‘4 pHE 355 =& &4& 4143190 e
W F42 1 mUmino]gict 85400 & F3le] Ee
H peptide= >34} column-g& %6}01 Fdstsich
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Caseing A& ol AF8% protease2| 2|3 pHollA] 45
oF 7brRal A AS ., 1= proteased]

Fo Falshx] ekehr|ut alcalase} 713 E& casein7}
wEs]H-g ®wal ubHel| S aureus type V8o caseinol]
ated 742k e sheEaE S Hodh(Table 2). A -
2 o Aol A Aol A ""11”1 A2 o] 8A
(bio-availability Y5 %o]7] ¢]sj4]= HEo] Alo]x|3}e]
F7 oA 7Y o] AbelE §A]F= 7~lo] FQ38lc}. 7k
% proteaseol| 218l MAIE peptideSe] HE 7143515
S FA7] slste] dAeke] FeCl (10 pg/mL)e} pep-
tide--24(100 ug peptide/mL)S $]9} Ao)xj2be] =7
(pH 22} 6, 37°C)oll4] 14|17} incubationd} 3= 4] g
sto] AAE ] ohar Abgel Exfshs AR
okg ferrozine' Tt YRS T A E o] &-3lo] A3
A=}, pH 20l M= H7F5 A E2] 90%o]Ado] z:}’(l‘—" 7]
o7 gty el ot pH 60l 413= trypsin#} alcalaseol]
o) &) A1 A= peptidento] 2715l HHo) 64.2%<} 23.7
vs 27k 7483 Al chFig. 1), 2 29| proteased]|
o5 AAdE peptidese] AHE 72352 neutrase?)

% 7.5%, S. aureus type V8= 8.3%, protamax+ 5.3
% HE T peptides #H7F3}A] 942 control (4%)e]] H]
o gl ol ol e Hie] ool okzk 59
th. Conrad'i= 4131% " 3o] 92| 27l pH 294

Table 2. Degree of casein hydrolysis by different pro-
teases

proteases % hydrolysis
Trypsin 315
Alcalase 0.6 L 57.8
Neutrase 0.5 L 44.1
Protamax 1.5 L 455
Staphyloccous aureus strain V8 17.5

Eapsts]z] 299 7 5 E (1997)

soluble iron (%)

B
Q
R

Trypsin Alcalase Neutrase Protamax Type V8

Fig. 1. Iron solubilizing abilities of casein hydrolysates
produced by trypsin, alcalase, neutrase, protamax, S.
aureus type V8 at pH 2 and 6. B: pH 2, §: pH 6.

= R rREEte R EalEloiol A e] Al g
7k o] FoA & AeolAF FelA= HEo] ferrous
oxideo} ZH2 H849] o1& g Aislo] 2-3%uto] 7}h&
o] AR EAgcte ¥3E v} g)oh CaseinoE
€1 trypsin} alcalaseol] 2]al 435! peptideute] X
2 AFF7E dofvls Aol xAbe] 27 ol4] con-
trolel] W]&] & A ¥ 718-550] Q)3 F e}
Trypsin¥} alcalaseol| 2]8) 2JA1%]l peptide-§-242| &
= Ay & 548t7] Hste] peptides=5
25, 50, 100, 200 pg/mL2 2455 o] 52| pH 60))4]
o] HEI}835S ferrozine W02 E2XH IS uf,
casein © 2 K] trypsinell 2]s] AJAI%l peptide2| 7#-$-
ol 200 ugmLe] FEelt HrAE A0 py
mL)o] e} 7lg-3iabeled on, alcalases]| 2)&) YA
¥ peptide®] 7d$-oll= 200 pg/mL FSoll A 4.0 ug/
mLe] AE-E 718347 S ‘ﬁ.ﬁ‘w}(Flgv 2).
Trypsin3} alcalaseol] °] 3] Al peptideE HPLC
Abof| 4] o4k columng %3 10742] ¥ 2(5 ml/frac-
tion) o & 2| FEH —17—|"°l F& o gk pH 69

u_aoluble iron (mg/L)

peptides produced by
o : Trypsin

% . Alcalase

0 50 100 150 200 250
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Fig. 2. Effects of concentrations of peptides produced
by trypsin and alcalase on iron solubilities at pH 6.
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Fig. 3. Iron solubilizing abilities of fractions of pep-
tides produced by trypsin. Peptides were fractionated by
a C-18 reverse phase column on HPLC.

o) AEHE3bsS Stk Trypsinol] 2] 3hed
S peptide?] 74-¢-, 8 SoA 7R 2 AE L
£315(2.33 ug/mL)o] 7 =) 9] 2 vd(Fig. 3) alcalaseol]
)&l 341 peptide2] 7 $-ollv= & 7ol £35 pep-
tidego] 7H 2 AE7HE-315(1.13 pg/mLyS B.9d
th(Fig. 4).

Trypsin} alcalaseol] 2]l A%l peptide = 23}
7AgHstE peptide®] #-2]5 98 IMACH S o] &3}9d
© 1 IMAC Porath 5| 2] & elo] wiulzlg- B
Hl=dl 78 etz N ol ol
(phosphoprotein), ZH& & 4 52| 22lol dg] o] $-5]ar
AT B Al&ol| 3= chelating sepharose fast flow
matrix (Pharmacia. Sweeden)2] immino diacetic acido]
B A7) e ARn 5ol g pep-
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Fig. 4. Iron solubilizing abilities of fractions of pep-
tides produced by alcalase. Peptides were fractionated
by a C-18 reverse phase column on HPLC.
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Fig. 5. Reverse phase column chromatograms of
whole peptides produced by trypsin (upper) and pep-
tides eluted by immobilized iron affinity chromato-
graphy (bottom). Peptides in black were from fraction 5
in whole peptides.
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Fig. 6. Reverse phase column chromatograms of whole
peptides produced by alcalase (upper) and peptides elut-
ed by immobilized iron affinity chromatography (bottom).
Peptides in black were from fraction 7 in whole peptides.
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F71A 3} A= o] gl iAol peptide 5 2
5 ole ZAARl ekelg e Fa gl

2] caseinS trypsin® 2 FaljA]2 of PAE=
peptide 5= phosphoserin®] t}3F &% casein phospho-
peptide (CPP)= Zrge] AUEFFE FAAAha &
A U CPPe= g eloll ¥} o] o} 27}
o] 2ol Al o= Ax A o] 9loe]z}t 34+
o £ AAT el M3 uypsinel] o]s] AL
peptide5°] A E-3= Aol 33| 31 o] &
o] &3 AEAIAFS Mix hsstelzt Azhs o]
Aok A typsinBrhe oha "o x|x| vt Bacillus
licheniformis2%-€] A 4}=]+= endoproteaseg! alcalase
off olsl A peptideS= HEF}e] Ago] o]
HE AP 2A trypsin® ) alcalaser} 7 A|A Q]
el 4] "R AHE e s & o, alcalase S ©]
B8 HEZY peptide?] /WL E A3 7peAe] &
Aoz 7lg=] Ak FF o] 5 LAY peptide s
S £ AAEte] o]l Higt 54 Sl el o
ARA| 3] A3 Al# o)t

|
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$-f+ caseine®] 21 & trypsin, alcalase, neutrase, pro-
tamax, S. aureus type V8 5] hl 2 gl & 4~ 8 o] 4
ato] 7hp s Al 7o AR peptidee] H¥7H8-315
€ 233914 w, trypsind} alcalaseol| 23] A=
peptideZo] pH 62 Z7ol|x] zzh 6.429F 2.37 pug/
mLE 718312 7)5= 588 Hgdom 19]9] protease
52 1pug/mLwe]e] A ¥718-55-& Mok Trypsin
3} alcalaseol] 2]s] UAIE peptideS =4} column o E
107)] ¥5e2 hrolx] Zhzkel 89| pHooll 41
AE7HE3HsS A7 A trypsin®] 7§ £-E Soil
A 74 E2 AE7HE3E(2.33 pg/ml)e] 7 E %l 2
v alcalase] 74 o= B3 70] 7P} =& HES
35(1.56 pg/mLye Hoch o] F HE3 ZH3tego)
= peptide & ¥-2]3}7] $13le] IMACS] & o] &5
o} HB-& chelating sepharose fast flow columnel| 7.7
3} A7| 32 o] F Aol FASh= peptide] F2] 5 A
%3+ A3}, tuypsine]v} alcalaseo]| o5 WA= peptide
T ALE 7HEA7E Tl 2
IMACel 9]&) &b o2 e]w it
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