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Proteolytic conversion of late run chum salmon muscle to angiotensin
I-converting enzyme inhibitory peptides with Thermoase®

Seigo ONoOY, Masashi HosokawAa®), Kazuo MIvAsHITAY
and Koretaro TAKAHASHI?

Abstract

It has been reported that hydrolysate of upstream chum salmon muscle with thermolysin exerts angiotensin
I-converting enzyme (ACE) inhibitory activity and antihypertensive effect in spontaneously hypertensive rats

(SHR).

To apply the hydrolysate of chum salmon muscle as a nutraceutical material for ACE inhibitors, we

employed Thermoase®, known as a proteolytic enzyme for food industry. When defatted chum salmon muscle was
hydrolyzed for 24 h at 65°C with 5% Thermoase®, inhibitory concentrations, (ICs,) value of the hydrolysate for
ACE activity was 26.4 gg/mL. This IC;, value was comparable to the hydrolysate obtained by the reaction for
5h at 37°C with 5% purified thermolysin. The yield was 72.5% for Thermoase® hydrolysate.
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RO AEEE TR BIIEENR D BEEORER
ThHY, BECBWTS FDEERIELMER b
%, EIMEERFERER TH 2 NMERBR ER 25T
FTHZEBHONTWS, Lizis-> T, £EEGERTHS
BIE % FRd 3 2 L 3BSEHRERRO T D5 L
Z 5,

BEEMOMEORECE RN AL TwoERL
LT, 7oy IREEER (ACE) HshTw
% (Dzau et al, 1988), %, ACE XERIREEICH LG
WRFFROT Vv IATF v 1 IEAL, MELFER
Bhol7rydFryy (A 2&KT 5, 20 All
X7V R AT 0y O EE, BiTO Nat OFIRINE
THET 2R OERCEVES ER &2, BRIIERK
THERAZLD7IVF =V 20 L, TMERLIELF
F—EEEVET S, ZOXSMELERIZAKE {BEbo
w3 ACE 2[HET 3 Z & CIIE_ER OMEIRIE L Hi
ah3d, EEZ ACE[HERITH S 7 b 7Y VIZEILE
ERF L CERIERER E L TR TE Y, BHE
TRE—FBIREIZE->Tw3 (LA - FE, 1994; 5K,
1984),

il

MEETERAZRTERME LT_7F K (Miyoshi et
al. 1991 ; Hata et al., 1996 ; Suetsuna and Nakao, 2000), ##
BEFEAAES (Bellenger et al, 2002), ECHEMALEH (HiL,
1990) R EBHISNTWEW, FTHRTF FIZowTik
%< OREBLINTWS, IhE TiciY), BED Lt
LMe%E L OFRRYD> & ACE [HE~TF R 308, FES
T3, FRGEE, Y AH (BHS, 1997) 4 TV
A (5, 1999) OERSEYHIC ACEHERTF FHR
wWiEh, Ihs(2ShARMEAERRACTE XN
T3,

FLbINETOFRICBNT, #EuyrrHAOS
a7 7 — Ik EE W ACEREEE BT 52 L
BPREELZ UNEFS 2002), BEST LIS 07 7—EDHT
P—E ) ¥ & BMVKREYIH R b 58V > ACE fHERE
RL, 6 00 ACEMHERFF N ERIELT, BiZ, 20D
TR R EME B AFE 7 v b Xt L T 500 mg/kg
BELRS BT HMERTIERA%2®RL7 Ono et al,
2003),

FHOWMRTREZRAZEON KRR AWK
IGTHoT 2 ed s, ERMLICAT TOREBIRIN T
Tro 2 TEAHRTIERY—E) YV ERDAREIY (0
E7—¥®) 2HWTH EY Oy HRY 7B E2IK

Y LEBERFAEGKER AT AR R IR 8
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DET B L ERS, TOBERMCOVTRE Lz,
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FE-

Y& 7 —¥® (Bacillus thermoproteolyticus ) 13 A
TR TZHRL, Y —F Y > (Bacillus thermoproteolyticus
3k) KO ACE (EC34.15.1 74 Fffitsk) 13 7~ X
Y, Hippuryl-L-histidyl-L-leusin (Hip-His-Leu) {Z~27"F R
&L D 2hZHEA LTz,

S ¥ (Oncorhynchus keta) 13 2000 £z %)l (b
VBT W EL7 b ORI, ZOHAZMY)
LT4fEEDxY /—NT 7T HHEBEL, BEL)z, 20
%, BIGEET S OB R RSB,

DK RIS

BEMRERICN L T SOBROFEFAAEMZ, hE
YE7—LC ROV —F) U OEFEpH D 75 0 F/HE
%, BIgER &EE) LT 0I~10% D 7FaF 7 —¥%
mz, 37CH LK 65C TRIGRIT >z, —EREIRIG
%, 0°C T I53BIMBL T FuF 7 —¥ 2 LES ¥, KIS
E LT, KT, 20,000 g, 15 OB 21Ty,
HEZRENEES 5 2 & TREERS B BEL, SRS
T3k 0k RN E ST,

Y= o rniEEE

C HEBWKIZ2g DA ¥4 > % 90mL @ Tris-HCL (0.1 M)
IR L, 02 N OFEE T pH % 8.0 [ 588, 284K T 100
mL BB LIZBRE AV, JOFEEE | mL % 35°C
TS 7T VA »F 2X— &, 001 M Tris-HCI (pH 8.0)
WL BERIBIR BRI U T2e 4 >~ F 2_— MEFIZ 15
SEEL, 12M MY 7 o ufi#gs 2ml IS5 2 L TR
IhEEl U, RIGHK S 250X g, 15 53R mmi i, |+
ED 280 nm 2B 2BNEEHIE L 12,

ACE [EE &Rl

BIFEH¥kIX Lieberman {IEHOE R (LA S, 1980) 12
HEIOTUTo 72, Thbb, 30 uL ONUKSEYIVEIRIZ, &
U MHEEW (pH83, 400mM NaCl&h) iciEELT: 5
mM & Hip-His-Leu 2B % 250 uL #inL, 37°C pfE
BAEHT 5 FREHRRL 72, 100 L @ ACE ¥A¥ (6 mU)
ZUIL, EHICHRL K, 37°C, 60 SRR ¥z, 1
N HEER 250 L 25U, ¥Ry 23 ZLics ) KinEEl
BT, FOHB, 1.5mL BT F UV REN, +ociRL
TERREE L 72, 1,000X g, 10 S0 O, B
OFEFNVE% 10mL BN L, T/ 3K —% —CERE L
720 BORBET V7 —5 —NT 60 HEREIEE, FKEK3
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mL 2L, ZO@RED 228 nm 12 BV 3 ERLEEHIE L
120 28, HEEMR, UToRC I VEHLUEEER (%)
ThHobllz,

FEER (%)=(Ec— Es/Ec— Ep)x 100

Es 3RARNERZ MU 72 & & ORNAE, Ec 133G
Db D ICEEKREGRIML T2 & & OBAE, Es ixH oL
O INBEREZHFML TRIGE L & EOBNREE R T,

¥ R

BRRNYTHL2YET7—¥® 2HLWCHE  uy >
BAEIKS T 58, BREEEMEVLHIY—TY
VORGSR Z D ZICHT 2 Z L iEY TR
v (Table 1), 20701, BERHFMBEERT Z L BLE
Wi sh, 13% LLEOTimc i 3 L BERLEbH e LTy
E7—E® ZEEN TS Ca BENANEEHRICED S
TV HEE BRINLTIZUT) 28BT22 L0k
b, ZI TATHRRNERXEZ T RKIGREY AR
¥, £RT 25D ACE [HEE I RIZTHE LM
Uiz DV —E Y v EHWRKESR (NFS 2002) T
1& 37°C THWRSMRRIG 21T o Toleds, AR Tl —%
)y VRO ET —X® OEMEREN L, RIGERE % 65
CIBRELI Y —F Y ¥ VX 65CIcHERIEEEZRT Ik
PHISN TS Z L5 (Matsubara et al, 1966), Zi %
S0V ET—E® bEEECERNEEETRTEEL DS
Thb, BE, Fig lioRT L5, ¥&=7—¥i365CT
37°C O 3 BRI E R LT, % 2 CRIER (NEF
5 2002) DH—FY DL X LERROYET —¥ 5% D
IR CRIGEE 37C 1o, 65SC I LRI TRGE®
ToRER, ks ACE BERZ 63.6% 12 -7z, 2h
BH—FV Y >D3ITCITB 5 ACEER I D 1
10% EWETIE H - 7228, 37°C DRIGTH 7 —¥® 2H
WeB A D ACEHERSSR TN, L ERELE
(Table 2), —7, ¥ —EV ¥ D 65CIzHiF 5 ACE jHE
FiZ60I%BICEEE o7, ThiZERL 72 ACEHE~RS
F DS RBRMEERT B LT, R OBEEEE
PEFLID EHE LI, ZOX3ITHE7—¥® 2H
WBE, RIGBE% 65°C I k2 2 L THOINE L
ACEMHEEMPKRES LR L2 E2S, RIZZh 5D
REFZEIC DWW TR L 72, 65°C 12 BT 2 BEEDEETE
% (Fig. 2) DWW THRANAER, RN RERE I

Table 1 Calcium and sodium content of thermolysin
and Thermoase®

Thermolysin Thermoase®
Enzyme protein 60% 3%
Ca salt 20% 25%
Na salt 10% 2%
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Fig. 1. Relative activity of Thermoase® under various tem-

peratures.
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Fig. 2. Thermostability of Thermoase® at 65°C.

ERUTH, 24 BEEICIZPREA L, 48RRI
SHTIEEMBMET Lzo LU, 2% b b 4RME T
HETH-IZEds, RIGIE2ABMETITIZELEL
72. BEEEINE R 5% t —EiZL, 37°C KU 65°C TRIG%
Tol-#E% (Fig 3), 65°C ORIGICI W TRICKEOER
Wi, HEROERSTRD Sz, HERIIKIE 2 B
BTH S0%ULEERL, 24 BRERIGHE CIRBHERDS 72.0%
WCELY, 20 EOEEBRIFEOY— ) v Y 2RV
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Fig. 3. Effect of proteolytic reaction temperature to obtain
hydrolysates on ACE inhibition.
Defatted late chum salmon muscle was hydrolyzed with
Thermoase® at 37°C (®) or 65°C (0). ACE inhibi-
tory activity of the hydrolysate was assayed at a final
concentration of 78.9 ug/mL.
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Fig. 4. Effect of proteolytic reaction temperature on the
yield of hydrolysate.
Defatted salmon muscle was hydrolyzed with Ther-
moase® at 37°C (®) or 65°C (O).

e & LERBEOHERERD, IC,Eb 264 ug/mL &
BEVIREEG L 2o 1o, —H, 37°C Tid 24 BN DO KRG
BWT, HERCKE R %L, URBHERE®RzEY
TH 10% U T OBEVGHERIC L EF o7z, BEI L3I
NOEEIRSNT, MRECBWT 26X Ckgm
L, 2B R S iz o Tz (Fig 4), % DEEDIX
RiZ 70% LA i30 o 2 h3, —F Y ¥ v ORI

Table2 ACE inhibitory activity and yield of hydrolysates derived from defatted
chum salmon muscle after thermolysin or Thermoase® mediated hydrolysis

Inhibition (%) Yield (%)
37C 65°C 37C 65°C
Thermolysin 72.5% 60.1% 85.7% 75.0%
Thermoase® 8.5% 63.6% 69.0% 72.0%
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Fig. 5.

Effect of Thermoase amount on ACE inhibitory activity and on the yield of the hydrolysate.

Defatted salmon muscle was hydrolyzed with Thermoase® at 65°C for 24 h.  ACE inhibitory activity of hydrolysate
was assayed at a final concentration of 78.9 yg/mL. Hydrolysis was done at 65°C for 248 O: inhibition

O: yield.

BRIE R o1, RICEEOERIC L VEERIZY—TY
VuBRBAWRLELEREICEC LRIV LI ENTE:
2, WEETFCEDSL I LI TERPoI, 22T, I
BErEHLILPENE L, BRNIEY 10% £ TELE
i L OB OWTRE LTz (Fig 5), £ DFER, 65°C,
BRI B W T 0~5% OEE TIIBEEE DRI
o T, PHEE, ICEE b EMT 2EasASh, L
mL, BERRMNED %L ek s &, 5% & 10% TidfEE
R, EEHIFRRICEZRLZ 056 5% ML EOEM
TREZHFMEZHEPL CLEENRW I EPb o7,
—%, BEEEIE TR, 65C DRIBIZE VT OIEEIE
WIRETH-7z 2 e, FBRNSRIIFLALERZ-
TuhneEZ ohlz, UEDER,2S, yE7—¥® %
B 2EEOBBEMEEINE 5%, IVKSRRINRE 65
C, RIGHHE 12~24 B & 2 iz, % ONUKSEAID
ACE JHEEHE 21T IC,, 81X 264 ug/mL THY, ¥ —=%
VY rERAWEEE LIFREUEERT ZESHES NI
Bolz,

% £

ZNE COREE (INEFS, 2002, Ono etal 2003) THE
sudrHREY—E ) ¥ TIKSEL 12 KIEPIhs58E
ACE [HEF#RT 2 L 2 HE Lz, L L, BEANDIG
BEE 2158, SRRV —€ ) v REERVY
BZTLIETERY, £oT, TEMFIAShTWERE
RIOY €7 —¥® &R0 RISEEORETIZEE
(ENEGCEEL 22, VE7—¥® Uz g h 5BEES
YR7BEBRI%THY, FIEAREOY—€ Y
(60%) EHAT 20450 1ISBE R, %2 TRFETHE,
W Ey s HFROMKMERGEEZ I xTO 37C

M5 SCIEDD I ETRIBIEPRFDB I EE2E T,
FD¥ER, 65°C T 24 REOMASMRERIGEIT) Z Lic X
D 72.5% OHIKSIMEYIREL G S, ZD ACEZXT %
ICs 1 264 yg/mL k¥ —% ) ¥ R & IZIZFEEE L
FTZEeRBEH U, $—F ) YRRV E & RS
LR 10% BEHE o Tods, TDZ EIFEENICITR
& B PEED, 37°C & 65°C TRINBICKERENRS
vz brhrbod, ACEHERICKEZEVSRED
SNTORESERES 65SCIc U TEREESED 52 L
T & DINSARTF RIC % THEIHES, SMEVIDO ACE
FAEEEDNE L Ko bDeEZ SN, AR INET
DOWFeT ACE izt U CGEVWHEEESR 2R TTFF FEL
TYRFFRRDIYRTFIFEBFEEI R TS (Yo
koyama et al, 1992; Fujita et al.,, 2000 ; Nakamura et al.,
1995), AW CikKFIAOKREGER TH 2@ Loy 7D
BAS V7 B RBRIMEFHDO O OREFMITIGHT 5
7z, —EY VU EFAITRBEIIOY €T —E® &
AT ACEEEFEME BT 3 X7F PBRERT 28
B e oz, ZhSIIKEBEDMIMMEEDM E &
Vo ltBAL S bEERAIRICR S LBbh S,

X 3
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