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Abstract

In order to isolate angiotensin-converting enzyme (ACE) inhibitory peptides lowering blood pressure
from protein hydrolysates, casein from bovine milk was treated with intestinal proteases such as trypsin,
chymotrypsin and pepsin. After 24 hr digestion, tryptic, chymotryptic and peptic hydrolysates of casein
were found to have ACE inhibitory activity of 86%, 85%, and 49%, respectively. Tryptic hydrolysate
showed the highest ACE inhibitory activity was separated with Sephadex G-25 gel filtration, in which
three fractions with high ACE inhibitory activity of 84%, 55%, and 64%, respectively, were obtained.
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Aol 'da] BEHo] U angiotensin I converting
enzyme(ACE)S ExAo| T8t dipeptidyl
carboxypeptidase A Zn™-GFer¥Ao|t}l. ACES] 7]
Zo] == angiotensin I(Asp-Arg-Val-Tyr-Tle-His-Pro-
Phe-His-Leny2 #A AAtela BEuj® 7leis|as
¢l renin®] e -7 A <langiotensinogens
Eolzow Rajgtozn YAHE) olofM ACEZ}
Eg4 el angiotensin 12] FLEEA] oA
UHE =2 His-Leug AYEe2A 748 ¥
AE-2 dod)E B octapeptide?] angiotensin
II(Asp-Arg-Val-Tyr-Tle-His-Pro-Phe)o] A €}, o]
angiotensin II= o8 A& HH adrenal2F-E
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sodium- retaining steroid hormone$! aldosterone2]
AAE& FEAAA AW GEFS 3FS AdAT]
o2 AN e Y Ae g dediA €k
ACEE T ¥# olgh3h8-& s 5t st 82
bradykinin(Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Argy& &
st B@ASAHoRN AAH R Hee A
A7) Ao tHGanten?t Gross, 1977, Ueda et
al, 1971; Cheung et al, 1980). 1822 ACEE
Eolxorg Asfste BAE FWITE AAANA
ARAFE 9 HEAAS F 2EYI F™-o] FPe
AEE Agdd ARE F Ug ALE 7Yt
"rt. Hzxe] ACE AHEHL Yol Solla HiE
Qo™ (Ondetti er al., 1971; Kato$} Suzuki, 1971),
I2HE ACEE Eol¥og Adshs EFE o
ANAEHRHE FE8AY g8y JH4& &8
AetAle] o] AFEHH KkrhBakle, 1972;
Cushman et al., 1977, Sugiyama et al, 1991). &=
3 7HE A ELNERE ACE AEEE z2e o
*3t B@Eo| Fe|=U(Suzuki et al, 1983), 4
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H 7] F, 4 2 B2 off dude] siia)
EoAME ACE AsHEl=S] EA47F Ru=c}
(Matsui et al, 2002; Sugiyama et al, 1991;
Sugitama et al, 1990; Maruyama ef al, 1985;
Kohmura et al, 1989; Yokoyama et al, 1992;
Saito et al., 2000; Okamoto et al, 1995). Ukeda
et al.(1992)°] w=W AHojgle] HA 7R E
A 22 Al 718 ACE AR EI=e] ofu]ial uf
42 Val-Lys-Ala-Gly-Phe, Lys-Val-Leu-Ala-Gly-Met,
28] 3 Leu-Lys-Leu ©|™ solid phase method® %
ol % Jel =8 Aol HIsaitta &t
st

B dFoMe olst 22 AF el sl
SEZHE ACE AEigAold &4 71548 A
g HE=g #Eslr] 9% dge dEeq 7
o] FHAQ A EYA, 7IREHA, Hils 72
L w9 seRs G428 Asie g 7kl
slEE9 ACE ABAHEE ¥ d7 ACEd
st Asigy B0 EATE lsiirt

e %y

NI

¥ A¥A A8 ACEEC 3.4.15.1 from rabbit
lung, 6 units/mg), 7HA](from bovine milk), Hippuryl
-L-His-L-Leu? Sigma CoolA +Y3qct 22z
HA(EC 34231 from porcine gastric mucosa,
680 units/mg)¥ EHA(EC 34214 from bovine
pancreas, 10,500 units/mg)2 Sigma Co.oA 7 &}
A3 I XEHYA(EC 34.21.1 from bovine pancreas,
90 units/mg)y A FHFABALNA 7Y st
AMEEIATE 2 9fo] AJeRe B Aok AMREIAITE

FI21e| 7 f=Eal

A2AEE Sugiyama et al(1991)9]
Bergmeyer(1974)2] 99-& 23734, EEA A
o] wkg27el o Fa:7|HY vle 111082 3
Atk & AEL£9L AE 2g8 0.1M ¢13HEHE &
ZH(H 8.0) 100 mLl &8IAIA 2% SHE& WHE
I EAENE 02g EFYANE FUG QAL E ¢
24 100 mLo] &81A1A 02%89-8 eI A
AZA toluene L& H/FEIHTh A E&N &
28dogRE 7tz} smLe Hele 4o sle
Aol Y3 ABuiekr]olA pHE 80, %=

37°C, NEEAIZRS BAIZE, 12A17), 24717, 48A170L.
2 ol et FIREHA] vgxAe E
gale] whgzA Fd3A AT HA A
WHgEAE 0.1 M HCLKCl €39 (pH 2002 AH&
g3 YHAle EYAe vhEAF 5T wyge
2 PIArt. AaNtEo] BFE olRAH Be B
o 5E7F APFEL Wol WE-E HAAF. o
MRl 82 05N HCl B+ 05N NaOHZ 33}
A1l F 3,000 goll A 2087 48] . doiR
g FoAAM JEAE FHach

ACE Xa{iEy &5

ACE 400m units& 350 mM 2HEE 93l (pH
8.3) 10mLe] 88jA1A o] FlA 03mL H@40m
units/my& Al #e) Hatel wkgAFHT. 7)<
Hippuryl-L-His-L-Leu(HHL)2 350 mM SIAHHE €
2 (pH 8.3) 100 mLol 0429 g& 718l 10 mMe)
HHL 7128H4& 2ET o] FolA 025 mLA S
o FHadoh e F wrede HE F oo
A gl JHrREEY A4EdE 025mL 7+
g tAAEAM 12M NaClg 025mL 718}
L& 37°ColA 308 F WH-E AR wkgol
U H 1IN HC 025 mLE 718l Hhe-2 A=A
713 ethyl acetate 1.5mLE 7}3t vortexE 7
A 1527 29ralltl. Ethyl acetateo] 2] 3j
Hippuric 4%te] &9 4234& 1mL 33l 80°C
9] themoblockoll X $2138] AZXAIZ] g 33 7/
T 1mLE 7H8td 2 590 F 228 nmeilA] F3%
€ A8 izdgeE AEQ 7 EEE o)
A HArE Wol wtgAzen FHAEL wrgae
HA 1IN HC & 718l w8 ARA F 84
Ag Wtk ¥zl FHEE vhe Ao Uiyt
zh AZbat Eael FR WE ACE AHEYEE
ALkaet, o] e 339 FEAFE 3l 2
a4X & T

B-A
B-C

AlA(%) = x 100

AJA : ACE Inhibitory Activity(ACE 3] 8A4x)
A Abs at 228 nm of sample solution
B:Abs at 228nm of dd H,Ofinstead of sample
solution)
C:Abs at 228nm of pre-added reaction stopping
solution
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Table 1. ACE inhibition by enzymatic hydrolysate of
casein

Protease ACE Inhibitory Activity (%)
Trypsin 59
Chymotrypsin 55
Pepsin 31

Casein from bovine milk was hydrolyzed with intestinal
proteases for 8 h. ACE inhibitory activity of enzymatic
hydrolysates were measured as described in Materials and
Methods.

Sephadex G-25 gel filtration

AollA Lo FHAIQl THrEEES] YA A
298 FAARE FFAZ F Sephadex G-25
ZHQ2.6x69cm)ol A 1 ml/min BEHEEE  gel
filration 3l9t). &€ &L peptide®] ¥ ¥
237 98k 220 nmellM FREE FAU2H
(CarlesSt Martin, 1985), peptide T3] &2 7t &
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W OR
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il Al7-e geld A, AN 24A1R &
RE 75ESEES ACE Asi@ado] whg-Aj7io)
vlalsled 24x1700l4 Hie] ACE Asi@&AE et
YA e(EHA: 86%, 7IREHA: 85%, WAl
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Fig, 1. Time course of ACE inhibitory activities of various

enzymatic hydrolysates.

trypsin (@); chymotrypsin (4 ); pepsin (Il )

a7t #A ZeE JebsthFig. 1). il o
& Mg Aol EYA 7IREYHA iR
e A vrgAI7HE dElsitiete AEY S
AL fAIReH A HA ZheEsfEel B
St A S-S e

ACE X8 HEI= #&|e 22|

e A7 98] ACE AsiE4dE e EFE
o] o] AFo FAETL UHel RAHIL 3o
H 7 AEAAERE SWFE FF3e 0
7hriE] AEOIM ACE AdE8YE e ogd
HE =g Feldhe ARzt 883 FAAHT Yot
Matsuda er al(1992)2 Aolg] 7vag Al
Eq 283 7|IREYALR Xt APl A}
4% 84 F WA seEsEGA EelE HE=
o] g4e] M =gtz B33 vp len,
Yokoyama et al.(1992)¢] KoM Agd] A<l
bonito A& thermolysin® & 7HEa| sl w2
48 e v 7Y HEEE gtk e
o otal gofa 4% FHE EAvi Tk
Maruyama®} Suzuki(1982ys EHAE ] &3 714
ole] 7teRElE FolA ACE A 84& Hole
H)523 70 AkE¢] % E]=(Phe-Phe-Val-Ala-Pro-Phe-
Pro-Glu-Val-Phe-Gly-Lys)E #-2lslgen 2ute 7zt
= Hyes) 2 p2E et d%thMatoba
et al., 1969).
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Fig. 2. Gel chromatogram of tryptic hydrolysate of casein
on Sephadex G-25,

After 24 hr digestion, the hydrolysate was chromatographed on
a Sephadex G-25 column (2.6x69 cm), Effluent was collected
as 3 mL fractions at a flow rate of 1 mL/min. Absorbance at
220 nm (@); ACE inhibitory activity (O).
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I EYA, ", NREYAH 2e ) wua
R EA o FAQ GAEe SR HE
Eo] $4°% ACE A8 L Hdethe 2E ¥
a9ch. ERQA 7R Eo] ACE As@Ae
erthe 28 ojn] ¥EA oy s whex
79 AolZ Maruyama®} Suzuki(1982)9] H¥ =
@] ACE AsigAe] & 4 £88 Ao 4
2¢ AN Hel=Eg9 ojnlidt FAJol} ofw)
A ME 58 2AE] sl A B8 slE
=8¢ R 4yl 1y Fo Utk

2 <%

$fe FHAQ wEe EgA, JIREYN 2
Y fyA 2o A o R EAR A
A7 o 7 54 JRAEEC] 94 HE
= ABAE29Q angiotensin-converting enzyme(ACE)

of i@ AHEAHE SAHAL. 2447 Eh A
A& v Eg4, 7IREHA F HA seEsE
E2 72} 86%, 85%, B 49%¢] ACE AsHgA4&
B}k ACE A#g4-g Jee HE=g Hi
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