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[EREEOBM] 12X L, bAEORTRDOE
WERERIIRINERER, RBERVERT VLo
THEY, AIZFESMERELED THVBMRICHS.
LA b EMEREBDINBITAEEEME L VbR TH
h, MEETHORSIZE > TELIERTE LD
PHRTHL. B, 7747y I EREE
(ACE) OHEFR S AESEEMEEIZSHENTHZ 2
EDELOHARVEBRERTHLD IR > TE
(#J, 1994, Herman, 1992). L= - 7¥ ¥ #
FrVYREAVILAY - F U FROBT, ACE
vy  PUIATF IV IRROT IV T LY
TR LT, SBARAERER T4 70
CIRERESERNS, AYFZLALAY - Fo R
DEEEREZET A 79V F 2 2 RIEHILEE S
(FKIE, 1994). B, HEEBAT 2L MERT
R %E 45 ACE FHERTF FA k4 L RHE R T
w3 (ZFE5, 1992, Mullally, et al, 1997,

*TUT T8y (KR)

Matsufuji et al., 1994). ACE HENXTF FiiL
YT TF T REMEEINARERIEAL,
ME LA % 6T 202 08F s 5720, BIET
BioBuroBmeFAMELZ2ETL200E21005
(e A iERES, 1997). fE- T, RERMIIMS
POMIEHL, ERELHAESAAEMI, E561C
IO &) REAREEENIbIUE, BRE LToft
IMEfEirEhEEr0LELILNS.

—%F, KERFAKEH T 2FEOHKIZORT, F
XU IXAGOREENER SN, FOAERIEK
D—FxRE>TWE, ZOXH)ILFAFIINTS
FTEIE, SBEARELBDIDLEFHREND, FC
T, KRR TIE, BILEERSEFHOBREHBAMN
TEOREER»SHB SN FX 743 ZEBL,
CHEBESBTLILIZEY, ACE 2 HET 248
REVEE D BLRE - R A AT,

HEB L OHE

1.8 #H

B (Brix 13.4%) 2 ¥ VN7 HERIC
MHLE%DT VAT —H0.6L TA4EHSBLI-LD
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*REMPREEZ B =¥ A (Sample 1), BEHE
WHRBE (Brix 14.0%) 7 v 3 BE& 20 L
3.3%DTINH T —L06L L1 T%D T L —3F 1 A
TARESMHL7-d 02 EEMNRERE T A
(Sample 2) & L7, F/, BEEAELF A (Brix

(Sample 3). Z0thd ¥ : Brand’s (Essence of
chicken, Brix 10.0%, Sample 4), Brand’s (Es-
sence of chicken, Z#HME® A, Brix 10.0%,
Sample 5), H—%¥ (Brix 11.0%, Sample 6),
BICEERE (Brix 2.5%, Sample 7) IEEBHOD D
EEOFEFERAL.

2. ACE HEEEORAE

1) S

ACE & : 0.2U @ Angiotensin coverting en-
zyme (ACE, EC3.4.15.1, 7 H¥Hifk, it
BTEHR) % NaCl 28F LV R BRIERER 8
ml 2 THEHL 72,

B - Hippuryl-L-histidyl-L-leucine (HHL)
BREVEE (V7 <H8) 6.26mg 2L T, 1M
NaCl # &4 L 74 7 BUEREHE 1 ml IS THERB L.

BEAR Ry BIEREHE (1/20M Na:B:07-1/5
M HsBOs;, pH 8.3) %##BL, 1M NaCl #&HL
7200 LARVbO 2R EVIT. kB, REH
BUZIITRTEMAK R .

2) WEHE

ACE HEFEMOHIZEX26mU ACE %, 12.5mM
HHL ABUEMIEE % My, Lieberman O#lERE %
YRLZURSOFFICECTHE L (LES,
1980). T%bb, HAES0u! I ACE EH100 21 21
%, HHL #£E100x]1 #F®MT5 2 12X D BERD
RMBL, 3TCICTLEMA ¥ ¥ 2~X— ME, 0.5M
HCI 250l M+ a2 LicE VBEERD &L X
#7z, RIDHEAICER L7 BRE L BB . L' 1.5ml
IZTHIE L, 2000rpm TIOSRE L5 BER, 0L
EBIRS00 21 ZBOREBEIZBL, REERLIT-7:1%,
1M NaCl 3ml 28 L7z, 228nm ORLAE =l
ETAHZ L&Y ACE HEFEMEE RO, BHRET
DWHEE As, BREOPDLDIZKEMRAIZLEED
fi (Control) % Ac, FTOGEIEEE MR TRIG
X780 (Blank) % As 2 LT, UTFoRKic&
DEED ACE BHERZHEH L7,

FHER (%) ={(Ac—As) / (Ac—As)| X100
F72, FREO ACE HEFEEOKBIIEKIZL 7
5N B HERADH0% % /R T RISHET OREOER IR

NUITENEEE L TICo TRL 7.

3. ODSHEEHTALILEL D ACERBENTF KD
B

REMPREREZSM X2 1 (Sample 1) %3
L, FOHEBERLAET Y TIVERAF YK
100m! V&8 L7k, WA 7 1 vy — (0.8#m)
TAHBL, 2D 5AMW%E ODS B (YMC # ODS-
AQ120-S50, 3.5X13cm) FEH T AIZAR L. &
WLy ) —WBEORT Y 774 XTiTo7. T4
b, BAFK500ml TEHE, 10, 25, 50, 100
%IBEDLY / — VIEHELI0m] % Hv CIERE B
L, E1~Eb5 287z, KBS % RERMGER, AR
L7 D% ODS A I 2125 5 —KE®WE LT,
B> ACE BlEik% T, FOMEMFME L.

A, 41X XHBIAT T FIT714—-1243 ACERR
ERTF ROBEH

ODS EHES D9 5, &b ACE HEFEOFE -
7z E2 #150mg/ml (ZFREL, 0.456rm D7 1 V5 —
%88 X 47-%, SP-Sephadex C-25 (H*®l) # 5
AERAWEAFYRHBru< T 74— (IEC)
LBBEHEToR. A7 (ZHS, 1992) RUT A
AF— (RS, 1994) BEEGBY OB, L, KEH
E45r2ik ACE BHEFEHIZO SN hoizio®, K
EETIE, K160ml #FH L TH S, 0.IM ¥EE7T ~ £
S ARUOSM ¥B7 VTSI ADAT v TI A X
oIy MIT6ml TORBREI ML, 36
22 S OERES D ACE HEFM S ME L.

5. Wit HPLC {C& % ACE [HEARTF KO B,
it

SP-Sephadex C-25 #HHE% E2A % 2ml 3 Tl
WL, BAEIEHLODS120T # 5 4% Aviz#iH
HPLC =X 25 8ER 1T o7, BHIZ0.1% ) 7 v
UFEEEA L7 P M) M10~60% (0~54: 10
%, 5~304 :10~60%, 30~40% : 60%) M) =
¥—275 YLy T, 280nm ORNE OB KD
FDLNE—r7Drux b I LAEBRBLEZELS
L7 —RI, AA KOy TI774 %D
BT BEREY LELTHD, I TIER
TFFIURET2RT A 0EEODS R4 7 Al
50ul ¥OEALY. BWT, THIFATAIHE
COSMOSIL 5C18-ARI (4.6X250mm) % Fiv»,
0%7tEr=bINEELIOMM Y VBT X EZY
A% (pH 2.8) (Ohta et al., 1997) THHEZ%E
To7z. 5612, BILEAER HIKARISIL C-18 (4.6
x250mm) %ML, 0.1% F) 7 VA OFEEERY H
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T =MbY N20~40% (0~ 5% :20%, 5 ~255 :
20~40%, 25~30% :40%) DY =X =5}
WL TTo . MERE IO NS TIEEE
BUFHTE LC-10AD, #HERIZR Y — 8RN 1] 4R
Hi% UV-8000% 48 L, #HE20nm TE=4— L7
F72, FSNEEE, hSLF—T VIR Y —HE
CP-8000% T* CO-8000% R L 7-.

6. PI/BHNRUT I/ BESIORE

7 I BERSTIEEYR1.0% 7 ) - L EE
L 6MIERRIC L o TR (RAHE, 150C, 1.5
Eif) #%, N-hydroxysuccimidyl-6-aminoquino-
linyl carbonate (AQC) % H\TFHEAAIL,
HPLC 52 L2k D1iTo7 (AceQ - Tag ¥,
Waters #£). 7, 73/ EEF B EE/EHRRY
PPSQ2170 5 A v o—4r ¥ —%HnT, FEIC
LhEELE.

E I S
1. B@F%>71430 ACE@ESH
REOETHRR: THEEOY V7N R FILEH T 1

V% — (DISMIC, 1.0¢m) ThHilitk, 058
D—EETRMELER, ACEHEFELHEL

Table 1 D&EREE. 3BEOREMHRE -
A (Sample 1 ~3) Tix1 & 2CEHELR B D
L, & Th Sample 1 (ALC-1) @ ICso fliid
0.05mg/ml ThH Y BDTHVIHESELRLZ. Zh
SLRIAT - 72 F ¥ VB HRIC 81T 5 ACE BEE HE
FIZBWT, TVIT—E¥RfEfisg-7143,, B
77 R OTEE LR L D10 AL 2
EFAEZ, TV T - EANEROBEARIIEFS L Twb
EEZON. F, TU—N—HFALLOFIMILY,
HEOETHZOON-Z e oW T L, KEH
2L BG5BT F FOEREROFF IR0 LE
Z 5Nz, Sample 4, TICEAL T, ¥ 7 ud
IEWEMEIEEL, BB F VHEIIRITT 57201,
EHREERDDL T EHFRUFETH /2. 22T, &
‘#® Blank, Control IZM&AT, 7 Nizxt¥ 5
Blank ##%5E L C, BEFHEHLAEM L. £7: Sam-
ple 4, 5%, FHLIHFETAIRFEIARHATH L5, 5
OFEEIFNZ EIZBELATH -7, LA L Sample
1 DREBHERERZS B YA LR L, H10
GO1EETH-72. #2TC, BREMHREREZESH
I¥ A1 (Sample 1) #EbBVHEEERZFDD
DELTROERAT v TIZH 72,

Table 1. Characteristics of Samples Used and Their ACE Inhibi-
tory Activities
// 1 )
Sample No Wi Conc/entratlon Brix (%) ICs0 (mg/ml)
(mg/ml)

Sample 1 202.217 13.4 0.05
Sample 2 109.56 14.0 0.67
Sample 3 30.41 3.0 17.21
Sample 4 86.31 10.0 7.09
Sample 5 100.10 10.0 0.77
Sample 6 101.55 11.0 4.58
Sample 7 24.38 2.5 15.27

Table 2. Separation of ACE Inhibitory Fraction from Chicken Ex-

tract Hydrolyzates (ALC-1) with ODS Resin
Fr. N Elution Weight (g)  Yield (%) ICw (mg/ml)
condition
ALC-1 e 8.51 100 0.05

El Water 2.02 23.8 0.23
E2 10% EtOH 1.73 20.3 0.0024
E3 25% EtOH 1.45. 16.9 0.206
E4 50% EtOH 0.82 9.6 0.066
E5 100% EtOH 0.21 2.5 1.502
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Fig. 1. Chromatogram on SP-Sephadex C-25 column of active fraction (E2) eluted with 10%

ethanol from ODS column.

Stepwise gradient elution : 160ml of H:0, 270ml of 0.IM ammonium formate (pH
7.0), 210ml of 0.5M ammonium formate (pH 7.0)

2. ODS #5 LBHMD ACE [HEH

Sample 1 % ODS g7l A 7 £IEL, 15/ —
NEEDATF Yy TIARTSY T Mok) ACEH
EEBEE T AT FOSE%IT->72. Table 2
IRL7:E D, Ty /7 —NIZXBBERETIZ &I
X b, Sample 1 E#A5T73.1%DREIETLY J —
NVEHESYE SN, FE5GO ACE HEFEOH
i3, EoMTAECRRY, E2 (0% Ly ) — N
HWHES, 1C50=0.0024mg/ml) 123 Tid Sample
1 (ALC-1, ICs0=0.05mg/ml) & H-~<T#20f L 1
OFHEARE R o7z 72 E21320.3% O BINED [
AT TH o7, #-oT, E2HICHFALAT S ERE
FOEL R LTHEERAARL.

3. IECI2& 5 ACEEENRTF FOEH

E2 @ SP-Sephadex C-25 (H*®!) # 5 a%FHw
7 IEC oy iifi#% Fig. 1iZRL7-. 0.IM R U0.5
M ¥B7 e AOBFEHEISIZ, 2 OOBREERD
=226, FREROE-2135 Y7 ED
280nm PP -2 =K L7z, Z0) bR HEE
PEL, F 8BRS VEST E2A DB E KD
ATy i Lz,

4, WHE HPLC IC & DB - ¥8

SP-Sephadex C-25% th# 4 E2A % ODS-120T
HIAIZEIDSBL. Fig. 2R LAzEH1L, 2
DOEBTIIEREL DY -7 FBgESHh, E2A4T
BLEVEEE (75.1%) £ 527 22T, KE5
FROSBEATy T LA. £, COSMOSIL
5CI8-ARI 7 5 A% AW/ HPLC (12 & 2 78 %
Tor. #O®RE, Fig. 3I0RL2LHIZ, 320
EHESPBESA, ROSVHEERLRLCES 2
% X 5|2 HIKARISIL C-18 # 5 A iz@ L7 (Fig.
4). ¥—2 3 %A% HPLC (ot LIEMES 2 £15
7z (Fig. 5). EMHES 2 0EER (20.6%) EiEH
W31 (3.7%) 5B LFROLNL.
FOCIEHE S 2 2RI H L, RIS E L
TT7 I /BTl

5. ACEfBENRTF KOT7 3 /BES| & &k

TIEBAWEFICTI B - AR fTo7
MR, AE45 i Gly-Ala-Pro-Gly (Gly : Ala :
Pro=217:1:1.18) Th B LEEI L. T/,
AR TF FD [Cso fEIZA08 M TH o 72,
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(E2A) from SP-Sephadex C-25 column.

Column: TSK gel ODS-120T (7.8 X300mm), Solvent system: 10% to
60% CHsCN (from 5 to 30min) in 0.1% trifluoroacetic acid, Flow rate:

1.0ml/min, Injection volume : 50x1

2 (78.9%)

A220 (x 10 )

[TIMEI

Fig. 3. Reverse-phase HPLC on COSMOSIL 5C18-AR I column
of active fraction (4) from TSK gel ODS-120T column.
Column : COSMOSIL 5C18-AR 1 (4.6 X 250mm), Solvent
system : 10mM ammonium phosphate buffer (pH 2.8)
in 20% CHsCN, flow rate: 0.6ml/min, Injection volume :
20 1

Fig. 2. Reverse-phase HPLC on TSK gel ODS-120T column of active fraction

CH3CN (%)-----

21




22

60.0 | -

A220 (x107%)

20.0

Fig.

408

Jo0

A220 (x 107°)

2008

100

g ‘J |

Fig. 5.

49.8 - L

FONIPYN B ST T U N ST T S S N

(44.19%)3 B59%)
2

5
CH,CN(%) —

z9.8
[TIME]

4. Reverse-phase HPLC on HIKARISIL C-18 column of active frac-
tion (2) from COSMOSIL 5C18-ARI column.
Column : HIKARISIL C-18 (4.6X250mm), Solvent system : 20%
to 40% CHsCN (from 5 to 256min) in 0.1% trifluoroacetic acid,
Flow rate: 1.0ml/min, Injection volume: 10#1

1 (3.7%)

¥
8
CH,CN(%) —

48.0

T T T T T T T T T T T T Y T T T

20.0
[TIME]

Reverse-phase HPLC on HIKARISIL C-18 column of active fraction (3)

from HIKARISIL C-18 column.
Column : HIKARISIL C-18 (4.6 xX250mm), Solvent system: 5% to 40%
CH:CN (from 5 to 26min), Flow rate: 0.6ml/min, Injection volume : 10#1

£ 5
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FFaHET 288108V T, E2A B4 2k ACE
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7. $iZ E2 @ ICs 12%0.0024mg/ml TH5H T &
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PoHEZLE, BE2HIIISHEELLRTFRFLD
DEWERTETARTF FPFELTWB D LH
gans,

ACE FREFEN &L ~7F FEF £ OMEICE L T,
Cheung 5 (Cheung et al., 1980) 25T XTF FIZ
DWTHMIZA<TE Y, Ala-Pro @ ICs 12230
M EHREL TS, YRTFFTIE, CREIZH
ZE1%# (Trp, Tyr, Phe) %1 3 JE (Pro) %, N
K ERRE? I /8 (Val, Ile) 2853 5%
TFFEBEETH L LEDN TS, KR TES
7 Gly-Ala-Pro-Gly 3HFHERTF FThH 5 #*
Ala-Pro ® N, CR#IZZNZNEABD Gly 25
BLTVALOETHEEEPETLAbDEELD
WA

@ 727 FOEREEZBE LCEZA, KA
FUIBO 27— 5 NI EDO 1 RiBERIZED S
N (Yamada et al., 1984, Fuller and Boedtker,
1981), BEBHABMOINAKSREIZL Y 25 — 7 85
PHIRELIZDDEEZ OGN, TF=F 5y
Bxxtge L7 ACE HERMAIIRIZBESNL TS
LY, SHROFERMSHFEINS.

-3 #

1. THEEOBEEMEFRE ¥ A Tl Sample 1 &
QICHEELRENSRD HNZ. T ERHH RS
(Brix 13.4%) # # X/ BEBIIMNLTS5% D7
VAT —E06L T4 RMSMELAZZX R (Sample
1, ALC-1) & ICs fE#4%0.05mg/ml & ¥ TE VW E
EFRLE, SRE7NUH T —EDETEOMKIZFS L
TWwWhEEZLNE, T2, 7L—1N—%4 LDHEM
&Y, EEOETRO SN ENLHITT AL,
AERIZL 20BRTF FOEEFEOFESIIEV D
DeEZ LN

2. ODSTHEH T A, Ao OT v FTT 14—
## HPLC % &% AT, Sample 1 7 ACE [
ERTF VYOFMEITo 72, ZO&FE, ACE HEN
7F K& LT, Gly-Ala-Pro-Gly (ICso 408 #M)
WHBEI N,

3. EEMmHEREr BYCBELETAILICLD,
2Rt b &I EARERESMZ Sh, Bak
LTOMNIMEELG L VA ELEL LD EEZ ST,
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Summary

Chicken extract was hydrolyzed with proteases for food industry. The hydrolyzed
chicken extracts and other chicken bouillons were tested for inhibitory activity against
angiotensin I converting enzyme (ACE). The hydrolyzate (ALC-1) treated with
alcalase for 15h at 40C has the highest inhibitory activity against ACE. The ICso-value
of ACL-1 was 0.0bmg-powder/ml. The ACL-1 was applied on a column packed with
ODS resin and washed with water in order to remove salts and the water-soluble frac-
tion. The most active fraction (E2) was eluted with 10% ethanol and showed the ICso-
value of 0.0024mg-powder/ml. A peptide that inhibited ACE was isolated from E2 by
use of different modes of chromatography involving SP-Sephadex C-256 and reversed-
phase HPLC. The amino acid sequence and the ICsi-value of the isolated peptide were
Gly-Ala-Pro-Gly and 408 #M, respectively.




