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Abstract

This study was carried out to understand hydrolytic characteristics of B-casein by enzyme in goat milk and
to measure the inhibition effect of the ACE of the hydrolysate. In order to conduct the experiment, f-casein of
goat milk was separated using Mono S HR 5/5, a cation exchange column. The separated f-casein was treated
with trypsin of animal hydrolysis enzymes, in an effort to verify the characteristics of hydrolysis. The inhibition
activity of ACE was measured and the results are as follows. By analyzing the hydrolysate separated from the
trypsin-processed S-casein of goat milk, the inhibition effect of the ACE was measured trypsin-hydrolyzed f-casein
demonstrated a 25.36:0.79% of inhibition effect and the ICsy of the hydrolysate from the trypsin-processed f-

casein reached 308.7+2.77 (ug/mL).
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3 peptide(Meisel e al., 1990), HY &/ peptide(Migliore-
Samour ef al., 1989), &< peptide(Kim et al., 1995) F°] &
A len B3 $f whulFde olF vt QYA
peptideZ AT & e 17154 BHAUOE o] §HI
9ltHLee, 1998).

ACEE 1970d 7 WEA A& 2AHNSH, zinc
proteasee] YFo 2 G438l 57] AAe oA davt
2% 224 YRReFEL AL bradykining 53}
o BEYHAIIE U 2B Aeie) angiotensin- [ & AT
sl 73et et R-4-S Vel = angiotensin-T 2 843}
Ao zM nEtel H9lo] "Hrtm &#A Ut Angio-
tensin [ -2 decapeptide24] gt Aol 283 482 sk
angiotensin 9] A7A J&& Pt} Angiotensin [ -2 #H <]
WA ol 2A4)5H= ACEo] ©J3A4 octapeptide?] angiotensin
02 BE Azt o)A Y angiotensin I+ nore-
pinephrine, epinephrine, vasopressins2] 3283} o] vaso-
constrictor24] 283 A& Mullally $(1997)3} Nakamura
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5(1995)] &J3f A ALt

Angiotensin = & HE2S 2133l ATwlo] S
o|g7]¢] ¥ 4-E norepinephrine BT} 4~84) Z7}A] 70 HAl
IS A3t Aajae] 240l Bodshe aldosterone] -
H]E F7MAZIt} 3} angiotensin 1+ postganglionic sym-
pathetic neuron®ll 23] 2}-25}a] norepinephined] FHS &
Zlste] EYTt 48 F<, vasopressin ¥ ACTHS] 2H]E &
77171 $18ted o] £3)7 el Z-23h 3, angioten-
sin 18] A4 #FAstes XA ARFTLE 72E
vasodepressor= 227l kinin®] 23 F=<] bradykinin
(nonapeptide) I lysylbradykining EgAssl= #Ho
Tom F(2003)° ¢j3 L&A Ut

% BHAL ok T AT B4 peptide® YAY 5
e 27sA DAY R o] 45T glon] 0% ACE &
%3 Aslpeptide= 7tz HFsin AYolxe] F&m
B0l A AEA EABA o5 BN HAEAHE &
S 7AotAI S M wElH & | HwA e AL YA
Bt A9 Ragoz g HaE 2 4 gloH
FE7t B AF e AE Fo 2T BUAT oA
4 WA o #-840] 7ltiEch

AF7HA] Hifae] AR E] 93 ACE 94|
E3e] el BE A7) o RolA ghor, kg
Qo T ATE S5 DG ¥sld A ol Rolxx] @
Skt - AlolalelA #aE ACE A8 HElo| =& N-2eh
3 C-ETe] REEelIon, EeEdE £&F44 olulwit
o] & H|&E FA o] rHGobbetti et al., 2004).
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< FEA 249 trypsin®© 2 71558 A2l S k] fcasein
o] trypsinel] €]g 71eRe) S4¢ Pobum, Aol 71ev]
&pidol 74 73% fcasein THEEEEQ] ACE 84 A3
SEE FPsiel AR 7154 4F P )z A7
AASET
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- MUR MFolM W peaseine 22|
AFRE AYE A YT 2B F B Fa3
¥ EFRE AN, AFRERE AbAAl

£ = Barrefors 5(1985)2] W& d¥ W slo] HAlslS

t}. <473 fcasein®] E2]+ Fast Protein Liquid Chromato-

graphy(AKTA10, Pharmacia Biotech, Sweden)E o] &3l

™, Hollar $(1991)2] ¥h¥ol| u}a} AA1et%t). 6 M) urea

2} 0.02 M acetate7} ¥3HE UASEA(pH 5.0)2 #Ho]Al 1

mgS 0.2 um filter(Millipore, USA)Z oJ3}5led AR}
™, UA9ZY 10 iLE FY7o F4stith. FHE-L Mono
S HR 5/5& ©]&35}8 2™, 0~0.2 M NaCl# 0.2~1.0 M NaCl
= step gradientE #-8-3lo] &A1 21, flow rate 1 mL/
min® 2 3}k Fe)® Ao]A& fraction collectordl] )3}
FHHNLH, FHE FYEES FEARA T A¥
off AR&-3FSATE

FCasein2| Trypsinof| 2|5t J}=£5)

f-casein®] trypsin(Porcine, Amersham Bioscience, UK)o]
9J3 7143l Hernandez-Ledesma $(2002)e] wWg-g 4
st AAIBI ) 0.02 M2 Tris-HCLT} 0.01 M2 CaCl, 7}
T3 SZA(pH 7.8)0] 10% pS-casein 7)A£-H-& A Z35}]
B 7]1-e] HIEE 1/500 02 sl 37T A 12087 &
AAA FhrRast ek 12087 7R A 308 7+
o2 ARS AFsgon, EaE 95TA 1587 dxg)
sl ZH AR

MoIgs

717193 %(Sodium dodecy! sulphate-polyacrylamide gel elec-
trophoresis, SDS-PAGE)+ Laemmli ®§(1970)o)] wia} AA]3}
Ak 22t 4%} 12.5%2] stacking gel¥} separating gel-S A}
€359 2m, 15 mA°l A 208, 30 mA(Hoefer, EPS2A, USA)
AA 6087 H7GE-S AAstgth AL 0.01% coomassie
brilliant blue R-250(0.025% coomassie blue R-250, 40%
methanol, 7% acetic acid)©Z 2A)7F G4 X Fa4H(40%
methanol, 7% acetic acid)©.2 6A|7F E<l gyt

p-Casein2| Trypsinof| 2[8t 7|+Eals &3

Bcasein®] trypsindl] 93} FEEIE= 7HE31 5] NPN
F¥E 27339tk NPN2 Lowry 5(1951)9] HbHo) 3
o %319t} 0.5% cupric citrate®} 0.1% sodium citrate2)
E3H8-A42) solution A9} 0.1 N NaOH -2-<89j] sodium carbo-
nate 2%2 &3]3t solution BZ 1:508) ¥ &2 Z35}<] alka- .
line copper A|2F& |23} e} Folin A]2kL- folin-ciocalteu phe-
nol reagent(Sigma, USA)E- 108} &Ad3st] AL&-3lgth 71
EHE 0.5 mLE Aol 3t o2 alkaline copper A]F&
2.5 mLE 718t Voltex g 3o 1087 4204 X3 t}
+ folin reagent 0.25 mLE Hr}stm A4 3087 3%
39tk F3XE UV/VIS spectrophotometer(CV-530, Jasco,
Japan)Z 21835t 540 nmollA 2351928 bovine serum
albumin(Sigma, USA)E A3+ BE 4ol ola) gabalich

ACE Mgy =3
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ACE 84 A 8] &7 Cushman3} Cheung(1971)9] W&
W sle] thea ol AA)ESth Borate buffers 0.2 M
boric acid(H;BO;)¢} 0.045 M sodium borate(Na;B4O; - 10H.0)
£ 4.5:559 ¥]&(V/V)Z 4lojA] pHE 8307 =T F
HZE =57} 04 Mo] H =2 NaCl & A7lsled 2 2stgch
A& 50 pLo] borate buffer® 5 mMe] = =Z Hippuric
acid-Hisitidine-Leucine (Hip-His-Leu; Sigma, USA)E #7}3t
14 £ 200 ILE 7HR ¥ 3E B opulE Fo
ACE(rabbit lung powder, Sigma, USA) & 4894 20 uILE 3
7k8ke] 37ColA 308-7F vH2AlZT] of7]o] 1 N HCl 250 1
LE A7t uhe-& AAA|Z] &, ethyl acetate 1.7 mLE 7}
st 2 wukgh ol 3087 HX|staL 37 E | mL FHs}
t}). o] AR AL 80T 2] dry ovenol|l A AT AZRAIZ .,
| M NaCl& 3 mL 7Fste] 2814171 TS 228 moll X E3=
= zmagom ACE A the 40 o8} A&t

A& (Y%oy=(Ec—Es)/(Ec—Eb)x100
E=n2tid 285 A7k A F3E
Es=A8 A7} A9 &=
Eb=ACEE #H7}eHA] ¥t2 e $3%

ICsozt(ug/mL)E X

NEE 93T TEZ F4 @ Fo ACE A aHE 37
g The o] E Fxol that FAZAE &I ICos 54
stk BA=A L zhz} 25, 50, 100, 200 pLE 71e 3 ACE
A &L 2AN ThS HANE
shed) e g mL $8 ANste] peprideHpg) O 2 b
Atk

Zat 9l nE

FPLCZ o|2%l Atoke pCaseino| £2]

24 AzY AFH AolA o222 E Mono S HR 5/5Z "
& o] 83k £57 fcaseing] B2 E Ao, vt
e ARE AQYTKFig. 1, Fig. 2).

fcaseine SA o] 5350|282 6 M2 urea®} 0.02 M
acetate”} X34 pH 5.0 Urea-acetate(UA) 39S AH2-51%
t} 2 A3} AFF casein®] B4 3709 peakE F2]= 3
©o m(Fig. 1), peak 1] fcasein, peak 2=
acasein® 2 BRI} o]F £EE
maker(Amersham Bioscience, UK) £} f-casein.standard (Sigma,
USA)Z o] 835l SDS-PAGEZ &<1%t A7} 53 fcasein
o] ¥gjd AL RIS HFig. 2).
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Fig. 1. Flution profile of whole casein from goat milk run by
fast protein liquid chromatography on a Mono-s HR
5/5. A solution containing 1 mg casein in 100 uL. was
applied to the column and eluted at a flow rate of 1
mL/min.
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Fig. 2. SDS-PAGE patterns on 12.5% gel for fractions
obtained by cation exchange chromatography of
goat caseins on a column of mono HR 5/5. Lane 1,
Low molecular weight maker (phosphorylase b :
97,000, albumin : 66,000, ovalbumin : 45,000, carbonic
anhydrase : 30,000, trypsin inhibitor : 20,100, a-lact-
albumin : 14,400) ; Lane 2, fcasein standard ; Lane 3,
peak 1.

Trypsinoi| 2|8t At p-Casein2| 72l

Fig. 3-& f-casein 7}FFENES 302 HH o2 35t
ANDEE B3l JEREIEE SQIF Holh 7hrE3)
A ZEE] fcasein $1X]2] band7} B|w|sfR]7] Al & ek A&
A}2re] band7} FeR}] AlZekd o} 12080] A Fole
B} bandE FAYF F UATh fcaseing: trypsin© F A
3L ol 7Rl 308R-E leEast AlRbE o] 120
E7A @ralA F7VetATh AR fcaseind trypsine
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Fg. 3. SDS-PAGE pattems on 12.5% gel of heated goat §
-casein hydrolysates by trypsin at 37°C for 0, 30, 60,
90 ‘and 120 min. (Lane 2~6). Lane 1. Low molecular
weight maker (phosphorylase b : 97,000, albumin :
66,000, ovalbumin : 45,000, carbonic anhydrase :
30,000, trypsin inhibitor : 20,100, a-lactalbumin :
14,400). (E/S : 1/500).

(E/S :1/500) 7F+&-3)3td NPN BAFS 238 A} 7p4
£l 2+ 63 pgol o} 12080] A3}t To= 94 ygo =
37tk 212 ER15I ) 1000 Da o]ste] Meto| =t 27}
ol wte}l ACE M) &A% Z713HHOh ef al., 1997)= E
TollAl 9} 2ol NPN A #o] F71d42 ACE A3 &) =
oRAIH, &4 H7leFo] F71EEE ACE A&7} F43)
S7Fh 524 A7VEE 1.0% )73 H Al olE ACE Asla
7t F7YekA] geEvia sl tHKim et al., 2002).

BCasein 7|+=2351E2| ACE MallgtMo| &X

AFFol A EelE feaseinS trypsin© 2 X 2] 3}(E:S /
1:500) 120% A3 & 71 7B ES o]L3la] ACE A3
EAE A 1 A8 JKRe)skA] ¥e f-caseine
1.80£1.21%2] ACE A3 &4 HHEou} trypsin® 2 7R
& 3te] ACE M8 84S 2338l S o 25.36£0.79%2] A
& 4% JeiIT o83 AFHE fcasein® trypsind]
Q% JlrEdle] 202 AAE AER} Fejo] Helo| =}
A& F7H12 Ao 2 B 4 IthFig. 4). Trypsindl] 2]
g fcasein 7FFES B2 ICo S Z4 3 21} 308.742.77ug
/mLE VFelsiti(Table 1). $-f HA )AL trypsin©. 2 37C
A 7teEaliste] ACE A 8L Mxgdoz 233
A3} 13.7%2] ACE AT S Uehlen, ICs-2 970.07
wg/mLE JEPH AT kim 5(2002)2) E ¢} vwd of 4+
F9] f-casein 7R B ACE A A 0] & AA o]

30

25.36
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[= I B o S
T T
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o
T

—F—
B-casein
Hg. 4. ACE iohibition rate of p-casein hydrolysate by

trypsin.

[
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Table 1. ACE inhibitory activity of f-casein hydrolysate
Protease ICso (ug/mL)”
Trypsin 308.7+2.77

Y ICs, the concentration Pcasein hydrolysate which inhibits 50%
of the angiotensin- I converting enzyme activity.

AR A Vel Minervini 54(2003)2 L. helveticus
PRAZH-E] F-& A3 proteinaseE o] &-slod Abak, Q171
Ha, HiA, BA Fo) RFo2RE 243 Na-7hAQle] =
7tFEE Bl g ACE AA24 S 2 A1} 2o g}
2~43% ®91e] ACE 9Al&S Jelictn stgch =3
OJEL AR 7I R ES RP-FPLCE ] 83} selo]=
£ T £elotd ACE JAZHE 243 43 aznten
3] B30T 4AFUR feasein®] AR opm|AF MAF
58-65)7 dAeh= HEpol=rt SaEe] glon, o9
IC50& 1473 pg/mLE Jehigicts shguh

Wb - fAl0]41o] B ofmmAta) DX (S 58-76)
Helol =8 Ffdhs -/ 99d JEH B IC5e A2
ntEosle] B8 wa} 162004 572 pg/mLE el
Atk 3¥Th. Maruyama 5(1985)L 989 fcasein
trypsin® 2 7} RS 7R Y ICso2 15uM/Le| At}
I Bt 9] Azolr 9} o] oA JlsBEE
9] ICsooll 3t A= B2 753 Helo|l=8 A3l
e otuliit 2] ol what AjolE Yehim gk

2 APolME AdF fA0)419] trypsinel] )& Zr}E
N2 ICsoe AFdF Na-FHAQ1e 2 RE Y fA0Al
el AEAF FEtel =0 Hlgld & £28 Jeh) L 9]
o}, Al FAG SR fA0IN G IR E 2 RE
RBEEE Feo)l=e Bt} ¢ ¥ ACE Asj84-¢ Jepd
7Ve/dL v Zvka ok
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o] opr| At 7] F, Aolaly €&, 7k 24, &
Aol 28 So) g9log A7 4 Utk 12yt ACE A
24¢ Jehie Helo|l=89 353 54 B shve
t)E-5o] peptider} 1070 ©]gke] ofp|iit 772 o] FolA.
glom, o]& HEelo|=E F& C-ERe] A4 ot 2
7122 745 o] grHGobbetti et al., 2004; Marco et al.,
2004)= ot} wEkA] ArekRe] FehAoln Aol 7}
3 733 pACINCZRE ZHE Fho oF AHEHE HE
ol=9] ACE A&} &) thaled Bt o} B A77 o] F
ojzof & o2 A€

2 ¢

AboF§ fcasein®] Fol 9% JlriE BT RS
29] ACE A&l 578 238t} AtFHe] fcaseind &F
o]& g B39l Mono S HR 5/55 o] &3l E&jatHon
Ba)g fcasein® FEA B EAQ trypsin© 2 X 2] 5
TR B4 ERISIA T TR B ACE A EES
223549tk Mono S HR 5/5 ol u¥t HPS o]&8 4
ok Al FolalozHE £44F fcasein®] = SDS-
PAGEZ o] &3}e 8elgt An} £4% feaseine] Fe]7} o]
2ol e T 4 YT S-caseind 37ToNA trypsin
2 HE3l Ar|GEes 3 A /iR AFRE f
casein $JX]2] band7} Fjujaj#]7] AlZeka A EA#S] band
7} veh7] Al&stE ot 12080 A Fojls ZE band
7} FReEsEe) At T AtRRolM EElE fcaseind
trypsin© 2 X2leted 1208 A3 F 1 /MR ES o &3t
04 ACE A &35 2743 23 7152a5kA] @2 fcasein

£ 1.80+1.21%2] ACE A &AL Bg ot trypsin© 2 7}
—r-r-tfﬂa‘}oﬂ ACE A3 84 2439S w 25.36£0.79%°]
g &AL JeER o, trypsinoll 2] & fcasein 7HFES
29| ICseS %3 AT} 308.7+2.77(pg/mL)E WERsITH
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