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Proteolytic conversion of squid hepatopancreas and upstream chum salmon

muscle to angiotensin I-converting enzyme inhibitory peptides

SEIGO ONO, MAsASHI HOSOKAWA, AKIRA INOUE,
DAISUKE YAMADDA AND KORETARO TAKAHASHI*

Graduate School of Fisheries Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan

We tried to convert the upstream chum salmon muscle and squid hepatopancreas, which are major marine by-

products in northern Japan, to angiotensin I-converting enzyme (ACE) inhibitory peptides. Hydrolysates pre-

pared from defatted chum salmon muscle and squid liver with some protease showed the inhibitory activity
against ACE. When deffated chum salmon muscle was hydrolyzed for 2 h at 37°C with 5% thermolysin, the inhibi-
tory activity reached 73.0% at 78.9 ug/mL. The yield of the hydrolysate was 86.9%.
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DL, ABEAEKTHEGELE, FEVFA XL
D x Iz, Y4 Oncorhynchus keta 13, 1998 4 6
RICEEE TR OB NN L L /b D&, 70
MRA ML THV,

RE NTvv (T2 HEHEER) 35773 R
TP U—E, FUTyvy (U UBBBRK) (S
T8, FEtv 7y (VVERER), Y—EU v
' ( Bacillus thermoproteolyticus (g 3), 7157 —&
Type I (Vv ERENXR), 7057 —+ Type N
( Streptomyces caesptous ¥ ) B LU/ 057 —+
Type XXII ( Aspergillus oryzae F3%) 133 7 < 454,
Wtt a7 — (Aspergillus nigey Fi3k) B L U071
B 1) 57—+ (Bacillus subtivus 3k) V-4 w4
b 1T, o577 —t (Streptomyces sp. 1K)
BB LERALs NN AL 2, ACE
(EC3.4.15.1, ¥ Fhidik) 17 <#H L0, Hip-
puryl-L-histidyl-L-leucin (Hip—His-Leu) (ZX 75 F
HIEFT LD EnZEn A L7,

BRI HABEEICHL T4HED 9% T ¥
J—=vENz, 4COBMT4 20 7 AMBERE S
TS H 1T - /oo RNT, BEIERIC L VB LN/R
EOrOERET ALY/ — VRIS A0, REKIC
&L, 3000 rpm T 10 HEOROLSHEC LD EFH
BrElL 7o, BonREICVBROERYKENZ, HFET
57T T =¥ RES® L2012 90°C T 15 4R
BULTELS, AR L CHIERM K 2187

BAEMRD—RRA A B K5 B W B Lk
W2 &0 110°C € 6~7 IGRIBEGEE L &L /-, Blr v

TEIESTNVE —IEERCTZORERE» EBELEY
L7z MFERAS Folch 371 & - THiY, R L 7=, K
SR EBERALEEIC L0 550~600°C ThnBe i, &8
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MRS B RE RO LT 50 & OAY
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e, RISTEIEL 72, &\T, 10000 rpm, 15 43
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L, SRS O LTk i 51872,

ACE BHEEMORIE M F7#51d Lieberman HI5E
DEFINEDI T T - 72, Tbb, 30ul OhnKs
MW, Y BREE W (pH 8.3, 400 mM NaCl 4
) WCEML 72 5mM @ Hip—His-Leu 2B A ¥ % 250
uLimin L, 37°C OfER AR H T 5 5 FRE L 72, 100
uL O ACE % (6 mU) Zml, BEHICHEL 2%,
37°C, 60 IR G S ¥/, I N#EEE 250 ul Z¥Rin L,

BRIAHAECIORGEELES Y-, ZDOHK%, 15
mL FRBE T OV iR, oIl E R L CERB A HREL
72 3000 rpm, 10 5 fH D& O B, LB OBERE =
VEA 1.0mLERL, T/VRL —2 —TEE L /-, =
DICWET V7 —#—HNT60 5kt KEK3
mL BEINL, ZTOERKD 228 nm 17 k1 5 BRI E %
L7z 7xds, PREREMEL, UToORckDEHL
EER (%) THobLi,
FEER (%) = (Ec—Es/Ec—Ep) x 100
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RY,
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Wiz (Table 1), D7zl 2 /X7 BOMY & EHHME
{7, 487¢g/100giC b ¥ E 572, —F, Yavr i
WL % /=W kBB T h, BlEREo
JEEAEAEIF19g/100g ETETF LA, £72, Th%
Rl THZ VN BOSHEIL 86.0g/100g & JEFH
ICEMEA R 72, KG, KGOV TIE AL A A ABF
BEDR, >y Bl L A ENBE L, FhFN2~3
g/100g, 1~2g/100g TH > 7=, A A A T FFFERR,
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14.49% TH o7, ZFVRITBOEEREE 254
L&, vaYrBAORMNLY XNV BREOSWEE
THbHEN2 D,

k7RO ACE BEEYE #& /057 —Y 4
WAV A A S PR OB R % Ik 5 %, K
I EEDP LB SN O ACE BHERH 2 RIE L 72
(Table 2), #OE, o5 7 —+ Type N, 75
7 —+ Type XXIL Mt D¢ XN CHTaFr7 —Hic k5
s s, ACE PREEMA R L 72, BRIC, 77

Table 1. Proximate composition of defatted squid hepato-
pancreas and salmon muscle

Defatted squid Defatted salmon
hepatopancreas muscle

(g/100 g deatted powder)

Moisture 2.4 3.1
Protein 48.7 86.0
Fat 34.0 1.9
Ash 2.2 1.2

Squid hepatopancreas and salmon muscle were defatted with four
volumes of ethanol.
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Table 2. ACE inhibitory activity and yield of hydrolysates obtained from various protease-mediated reactions of defatted squid
hepatopancreas
Protease Origin Inhibition rate (%)*! Yield (%)*2
Pepsin Porcine gastric mucosa 13.4 23.0
Trypsin Bovine pancreas 9.3 24.0
Chymotrypsin Bovine pancreas 34.4 28.5
Thermolysin Bacillus theyrmoproteolyticus rokko 63.5 54.4
Basic protease Asperugilluus niger 28.8 26.0
Neutral protease Streptomyces sp. 314 26.6
Alkaline protease Bacillus subtivus 434 58.6
Protease Type 1 Bovine pancreas 40.3 27.4
Protease Type N Streptomyces caespitous n.d. 6.4
Asperugillus oryzae n.d. 34.0

Protease Type XXII

*1: ACE inhibitory activity of hydrolysate was assayed at the final concentration of 78.9 ug/mL.

*2: Yield (%) = (weight of hydrolysate/weight of substrate) x 100
n.d.: not detected

Table 3. ACE inhibitory activity and yield of defatted
salmon muscle hydrolysates obtained from various
protease-mediated reactions

Protease Inhibition rate (%)*! Yield (%)*2
Thermolysin 72.5 85.7
Alkaline protease 49.1 80.4
Pepsin 17.1 15.7

*1: ACE inhibitory activity of hydrolysate was assayed at the finel
concentration of 78.9 ug/mL.
*2: Yield (%) = (weigh of hydrolysate/weight of substrate) x 100

DI F 7 —E e —E U v ERAGEEEICEVRE
EMEARD bR, EE 78.9 ug/mL »7-9 @ ACE fH
EIEMEE, TN XN 43.4% 5LU63.5% Th-7 &
7= IKGEBHOREKRL, TIVhY T OFT —8 b —
FYVUERWEBEICIOABNY LLETH-7/0, TOD
Lo TIvhy s = e —E VP AN AL
T BT RERE DO BREERY R O IR B BRI B W THER TH -
7l e s, vaYrHRAOBERRICHL Th, Th
HOT T T —¥ & W T EBRIC IR G BRISE ATV,
5174 0> ACE BEEE M 7 O T IR DO RITE # 1T - 720
FORR, A TVHAS L VFEL N E G ACE [HE
NRSFRERERT S ERPFHEIN TN BT /20
FHEBOIB SO 57— & LAV, CDORR, U
YU L DK B OMETEE AR D E S, KR
e 78.9 ug/mL (- 334) A ACE BHEWE#EL 72.5% TdH -
7oo —H, TNAVTOFT —E 5 TIE49.1% O
FHETEM: A A D NoAs, Ty v ACE BREE
Hi 20% LAF SARVETH » 7z (Table 3), KT,
Yt VS s LOTT VY T T Y i
MEBIC80% LUETH-7mDIZR L, XTVViGRY
1120% AFTH o7 o, AN AL DIFHIR L >

YA A B Y L ik S BRI BT, Y —F
3w ACE BREEM B LU IRER O » 54 BB
BTHATEDRHEO M LT,

CORRICY—E Y v VI &\ ACE BHEFR M,
B Lo, BHERG BT —T Y I & HEBR
WMEROGRYTHH L fERT S0, Y—FEY vV
DO HECH LY E BB ROIBERNI S EwES L T,
70 ACE BHEFEM 2T L 72, TOFE, Baicit
ACElCx 3 AHEEE N & AbNL -/ &0
5, PREHEME AR L 72, U —E U v VAR K
AR GRT S LI K DER L AN TF P THAH LHE
Z| 7,

kS BREEGEO®RET B0 /077 —ExHwv
TG BREOE AT - 1o E, S RMONEPE LD
13 ACE BHEFRMEAE A -7, Lo T, kY Bk
SRPES RICEEOBRRDPLETH S EE 272, £
T, ACEEEMR OB - —FE U v &7 N
TaFT = DOWT, RISSEMOBE 1T - 72,
B 777 —ERMBEOEEBIC OV TR ET-
7= (Fig. 1), ¥ —FUT V% 0.1% @HinL 5RO K
ISRICE DN B, BRE 78.9 ug/mL Ik %
ACE FHEEM: A 54.3% TH - =D L, 5.0% #in
TEH725% ICEL, /uFT7 —EHRMEAENT 51
SN Th o ACE BHEEM A LR L7, 7V Ay~
057 —Y&EAW/CEEICECTHEBROERF 2D H
N7, WENOEINEREIC BV Th ZOMEEM,
Y—T UV VR L VERNMETEH - e —TF, MK
FYOREL, —o0T7a5 7 —EOBICKEhENE
HHENT, 5.0% OF—EYVUBICT LAY SaF
TR BT, FNLh 85.7% LU 82.0% T
BT,

H—F 1) i3, Leu, lle, Val, Met, Phe 7% ¥ OBk
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Fig. 1. Effect of protease concentration on ACE inhibitory activity and yield of hydrolysates derived from defatted squid
hepatopancreas or salmon muscle. Defatted squid hepatopancreas and salmon muscle were hydrolyzed with thermolysin (pH
7.5) or alkaline protease (pH 8.0) at 37°C. O: Thermolysin, @: Alkaline protease
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Fig. 2. Time course of alkaline protease-mediated
hydrolysis. Defatted salmon muscle was hydrolyzed
with alkaline protease at 37°C, pH 8.0. O: Inhibition
rate, ®: Yield
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BaZ, ACE L OBLMED, SWIRERM % & 20 @Y
S5O ZTHEELZOML Lk,

RNT, ZTNFNOT DT 7 —¥7% 5.0% Hmml %
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B ORI 5500 T, BEIC 73.0% & &V BRI %05
L, IR 89.6% ICEL 7, LaL, 8% CRIL
wEERTH L, ACEIHEEEDK FAR LN/, T
AT TT —EEROICESICETh, 5 EERIG
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Fig. 3. Time course of thermolysin-mediated hydrolysis.
Defatted salmon muscle was hydrolyzed with ther-
molysin 37°C, pH 7.5. O: Inhibition rate, ®: Yield

L7 ACE BHEN V5 FARIFEORIGIC LD X 5iC
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ELEINIZ, LT, @\ ACE [HEEM % 4 >4
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TEAS® A 210k D, ACEBHENTF R ADOTHA
WRETH A LM SMT L7z, BiIS, Wy oy
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RERIRIG G 5 & S0k 0, ACE X L g\ RS %
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72e &, TN DHOMKGEYD in vivo TOIMERET
TFREREIT 5 2 & HANBETH 5,

Eil 3

ABEIEO—EEFEN BT X - 72, 3L Tk
HOBEERT 5,
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