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Abstract

In order to utilize marine processing waste which would normally be discarded, cod liver protein was hydrolysed
by a-chymotrysin, and the hydrolysate was investigated for the new angiotensin [ converting enzyme (ACE) inhibitor.
The hydrolysate was separated into three major types, with molecular weight cut-off (MWCO) values less than 10
kDa, 5 kDa and 1 kDa of ultrafiltration membranes, respectively. ACE inhibitory peptides were isolated from the
fractions passed through MWCO 1 kDa membrane, and purified by using ion-exchange chromatography on a SP-
Sephadex C-25 column, gel filtration on a Sephadex G-15 column, and HPLC on an ODS column. The purity was
identified with capillary electrophoresis. The amino acid sequences of two purified peptides were Met-Ile-Pro-Pro-
Tyr-Tyr (IC=10.9 M) and Gly-Leu-Arg-Asn-Gly-lle (IC5=35.0 x M),
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ACET dipeptide® AAst= A 9| = pancreatic car-
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7HrR sl Al AHS-8F B9 papain, ¢-chymotrypsin, tryp-
sin ¥ pronase E¥ Sigma Chemical Co. (St. Louis, USA),
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AA AH&® $AE Sigma Chemical Co.o 4] 73t SP-
Sephadex C-259} Sephadex G-15¢]9], HPLC= Tosoh Co.
(Tokyo, Japan)<] ODS reverse-phase column (¢ 10.0 x 250
mm)o| 3 Spectra Physics Co. (Riviera Beach, USA)
9] P 20005 AH&EIAoH, HF &= AA-L Bio-Rad Co.
(BioFocus, USA)¢] capillary electrophoresis (CE) system
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Table 1. Conditions for the hydrolysis of cod liver protein treated with various proteases

Enzyme Buffer pH Temp (C)
Alcalase 0.IM NaHPOs:-NaH,PO4 7.0 50
Neutrase 0.1M Na;HPOsNaH,PO4 8.0 50
Pronase E 0.IM  NaHPO4-NaH,POq4 8.0 37
Papain 0.IM NaHPO4NaH,PO, 6.0 37
Trypsin 0.IM Na,HPO4-NaH>PO;4 8.0 37
@ -Chymotrypsin 0.IM NaHPO4-NaH,PO4 8.0 37
5 10% TCA 7p84 duA%F BnmojA FFEE FAsYt EFFEHL carbonic
7HE o (%)= Zchul A 2k 100
Ty anhydrase (MW 29,000 Da), cytochrome C (MW 12,327
Da), aprotinin (MW 6,000 Da) ¥ pentaphenylalanine
CiE el s x2

N

ol digt o] aauE A7) AsM 0.IM di-
sodium hydrogen phosphate-sodium dihydrogen phosphate
buffer (pH 7.0)3 A3l 37CoA 7139 $&7F 1%
(w/v7k SA & 5, 713 o BAE 10014 1000747
GAA MFEHEE AESAT ER A9 VATEE
AARs7) Y8t A4 o 7]AHI7F 1:1000.2 3 F, 0.2%
2e 50%712 71AFES WIAIIHA I 458
7 2xolA 2417 hrEsetel 71 dEEE HESA

e RaiEe] M=

MEEAEL Kim 5 (6] B w2t 79 e &
AZ NMFEHAA 4L VSR ES 7 GAEE BAF
Az)o) wt AzsAT F, A7 7HE a-chymotrypsin
02 N RSN F, sdHet A E o] &5t
B2 BAWA7F 2424 10 kDa, 5 kDa % 1 kDagl %<&
53 2% ¥ sEAxIAT

o 98718 ALEste] REals dAREAsE 10
kDa, 5 kDa 2 1 kDa¢] & 534 A 2F¢ 7123 E
o] Ezige uA% dAazetE 1S (high perfor-
mance liquid chromatography : HPLC, Hewlett Packard,
USA)E AHg3te 2439tk &, GPC column [Zorbax
PSM 60 (110~10° Da), 300 (3x10°~3x10° Da), 3000 (10°
~10' Da ), L D. 6.2mm, 250mm x4.6mm] 3742 FE=2 4
At 33 FHFE FYFJAND F, 4 10ng/mlS] A EE
N 100 S §24% Int/minZ2 LAA UV 27124
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o e 7MEREAEY T8 AN [Co (mg/me) o2
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Fig. 1. Effect of incubation time on the hydrolysis of cod
liver with various proteases. Substrate concentration
used in this experment was 1% (w/v), and the ratio
of substrate to enzyme (S/E) was 100/1.
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Table 2. ACE inhibitory activity of hydrolysates of various enzymes from cod liver protein on various incubation time

ACE inhibitory activity ICso (mg/mf)

Enzyme 05 hr 1hr 2 hr 4 hr 8 hr 12 hr 24 hr
Alcalase 9.56 10.30 10.10 10.00 12.96 5.37 3.20
¢ -Chymotrypsin 220 284 164 199 229 230 233
Neutrase 6.25 10.50 36.01 3733 540 7.01 435
Papain 8.17 4.50 3.56 3.88 7.55 513 11.29
Pronase E 219 191 1.79 181 1.69 214 2.26
Trypsin 228 2.76 1.84 1.86 215 1.90 215
AHo| 7ol = 50
g7 7t gAS o E4E JlsRejAA ACE A
HEHE FHAE o 7HF Hold 84 & B a<chy- . 40
motrypsin RS Az A AAZAL FY 5
7 Sk 715 A B, A1 Ao A B £ 301
298 ABE Fig 29 Fig. 30 Uehigleh =, xxd 2
} BREE ASEABAE 2AFGOM, 10:1 o1 HES
e B9 FE8 MRAAS heRsEde 2 e @
2 37154 4%kt (Fig. 2. £, 71A%EE 02%4A4 107
tesi@adol %2 7 o 71dsE 1% ¥l
3l & Aot YAeER tF AelA FAH aAE 3 °- 02 o5 10 20 5o
¢E o 1% 71AF=rt Agetta ddEUS (Fig. 3).
Substrate concentration (%)
Jl2aEel 2Rt 22 Fig. 3. Effect of substrate concentration on the hydrolysis
79 7+ @-chymotrypsin® 2 2A17 7}FE-8A)A of cod liver protein by @-chymotrypsin.
50 Az MR ES FAHRE ARt BalF @A
9] 7}F 10,000 Da, 5000 Da % 1,000 Dagl 22 EHAIA
w04 e BB BExek R¥E Fig 49 2ok &, Exg &
S A7 10000 Dadl BHe FHale] e T RaEL o
£ 30 BE 12,000~5000 Dag] £413 ¥l R2Ea1 3180|
E Bo159lon], 22 10500 Das} 9,000 Dad] Exjzko] =
HES 2 Rtk BAF AU 5000 Dadl %S 53
g she] e 715288 S 5500~1800 Dasl W) $E5)
0 o 9ler, Fa YROZHE 5000 Da, 4000 Da %
2,000 Da¢| it 28]x, Bxpe AW L7} 1,000 Dagl =
o 10 50 100 500 1000 g 598t Y JtEEL F2 800~650 Dao] &3¢
S/E F A9 BIsAct ol 2ol e wg Fsto
Fig. 2. Effect of substrate/enzyme ratio on the hydrolysis e ZhrdsiEol I 2o EAF ojFdME dF X
of cod liver protein by @-chymotrypsin. o] e A I %o AT EAF @A T
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Fig. 4. Molecular weight profiles of hydrolysates of cod liver
protein (HCLP) on HPLC using GPC column. HPLC
was carrided out using deionized water as mobile
phase at flow rate of 1.0m¢/min. A, Carbonic an-
hydrase (MW 29,000 Da); B, Cytochrome C (MW
12,327 Da); C, Aprotinin (MW 6,000 Da); D, Pen-
taphenylalanin (MW 753.9 Da). HCLP I, Hydrolysate
of cod liver protein passed through a membrane with
molecular weight cut-off (MWCO) 10 kDa but not
passed through a membrane with MWCO 5 kDa;
HCLPII, Passed through a membrane with MWCO
5 kDa but not passed through a membrane with
MWCO 1 kDa; HCLPTI, Passed through a membrane
with MWCO 1 kDa.

Aoz gddr

Turgeon and Gauthier [19]= 294 2hik-3- 7)o A tryp-
sinZ} ¢ -chymotrypsin®. 2 73 ©¥iAS 7lrE sty
AFE 4% 29, 2x%F AW %
AN Beld RaFe] BIE 5000~20,000 Dao] FE S
o] Fglon, FAF AWML 1,000 Dagl el A £
Bateke 2000 Daolstgdttn Badk vl gioh

A1 HERE

A A3 Aetol=e e - AA 2 B4

ACE Xaff BEfo|=2| 22| - | X ofol=dt ME =4

79 7HE a-chymotrypsin® 2 247+ 7}4=E3)381
AZ3 MR ES BEXE FAM Y7 10,000 Da, 5,000
Da 3 1,000 Da?l 25 $HAA U £9ES 44 52
Azsled ACE Aa)BAS 273 A= Table 30 Ve
YTk =, B4 @897 1,000 Dadl 2 Fstol
UL 7R e 8o ACE As| &40l ICogke 1.31mg/ml
2 10,000 Daz} 5,000 Da¢l =g Bt & 73
ERT 4o] o] FYT weba, & 29X ACE A3
gL i %‘JE}‘DI‘:HE}—‘: AR A} Heol=7t ¢
Hojuyte 2e & F Jier, o]F2+& 1,000 Das} o
< THate v —E‘:Qa—% o] &3t ACE Aa|@4 et
ol=e] 2] - A& ANEE AHEAT

Zh gAd mukg o)A e @ teREEE FolAM
ACE Az gAe] 71 ¢ Peol=8 Fstr] st,
WA olL @F4-A|9] SP-Sephadex C-258 Al&3le] &
2. %, ¥4 1000 Da olael A5raag 2
mM sodium acetate buffer (pH 4.0)2 H&35 A 7] SP-Se-
phadex C-25 %ol & mgk=z]o] Yol 3087 ¥H-A17] &,
HEAEEE FEA7IL FA9 28 FE£& 025M,
0.5M @ 1.0M NaCl &9 500m{E &34402 7
of 4719 gEo FYATh o5 4 £¥ES
23 3 IR FE FY3td ACE AfEHS 374 '}S{i‘:}-
3 AFE Table 4049} o] 4749 EF FojA ACE A
Aol 71F S8 RS 025~05M Nadl EE‘%
A §&8 JRoZ ICxo 3ol 0.99mg/m At o] dE&
tHA] Sephadex G158 %7171 24 (425x62cm)ol €

N
N
ot o
iy e
ok

Table 3. ACE inhibitory activity of hydrolysates of «-
chymotrypsin from cod liver protein

ACE inhibitory activity ICsy (mg/me)

HCLP I’ 131
HCLP 1~ 1.68
HCLP m™ 191

"HCLP I : Hydrolysate of cod liver protein passed through a
membrane with molecular weight cut-off (MWCO) 10 kDa
but not passed through a membrane with MWCO 5 k Da.
"HCLPII: Passed through a membrane with MWCO 5 kDa
but not passed through a membrane with MWCO 1 k Da.

"HCLPII: Passed through a membrane with MWCO 1 kDa.
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Table 4. ACE inhibitory activity of fractions isolated on
SP-Sephadex C-25 column

Fraction eluted with ~ ACE inhibitory activity ICso

Table 5. ACE inhibitory activity of fractions isolated from
the active fraction of SP-Sephadex C-25 on Sep-
hadex G-15 column

NaCl (M) (mg/ md) Fraction ACE inhibitory activity ICso (mg/md)
0 132 I 138
0~025 182 i 091
0.25~050 099 m 056
0.50~1.00 286 IV 058
\ 0.65
EAA FEE & 72 FE8S 280nmolA FHEE A
oA % (g 5, o) AL FrAE A e ST $FAU DK A DD 0o PR 24 qee o
4g ARG (Table 5). o|F o) ACE Asjgge AT ¥ HEEA ACEAAIYLS SAL 2, A% D
52 MM ICx ko) 056me/m2 744 Saatgeh 7a) W 10w ol Mue/me= 7HE $5890om, e o2 9

I g8 Vo ACE As84L 058ng/mls & Mo} A
of MZARAT EEFo] HF AA et F7 Gaol
oldE & £ YU

azetEag s 248 & FAA ACE A3
& ”01 7V s I8EE %@ﬁ 3k ¥, ODS Zgo
A2 " HPLCE o] &3l 01% TFA7E &35 Ye &
3} acetonitrile §H 02 XM¥A FrFulH (0~20% ace-
tonitrile, 30min) &2 £% (2mnl/min)AlA Heja ARS
Fig. 6ol YElWit). &, A3 2ntE 2 g]o A ACE A3}
go] Hold FE]l ME HPLCHAA A FX74l

Absorbance at 280nm

0 20 w0 60 80 100 120

Fraction number
Fig. 5. The Sephadex G-15 column chromatogram of the
0.25~0.5M NaCl fraction obtained by the SP-

Sephadex C-25. Elution was performed at 1m¢/min
of a flow rate and the fraction volume was 5m{/ tube.
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B C7} ICso 7ol 39ug/mlE vteEbtT) (Table 6). 713 &
o] F& BYES HPLCE AR2sid 2719 ¢ &
& aden (Fig. 7), o 209 v HEE capillary

Table 6. ACE inhibitory activity of fractions isolated by

HPLC
Fraction - ACE inhibitory activity ICsp (ug/me)
A 56
B 14
C 39
0.6 50

Absorbance at 215nm
Acetonitrile (%)

0 s 10 15 20 25 30

Time (min)

Fig. 6. Reverse-phase HPLC pattern on a Primesphere 10
C-18 column of active fraction I eluted on the
Sephadex G-15 gel chromatography. HPLC oper-
ation was carried out with 20% acetonitrile as
mobile phase at 2m{/min of a flow rate using UV
detector at 215nm.
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Fig. 7. Reverse-phase HPLC pattern on a Primesphere 10
C-18 column of active fraction B eluted on the
HPLC. HPLC operation was carried out with 10%
acetonitrile as mobile phase at 2mf/min of a flow
rate using UV detector at 215nm.

electrophoresisE o] &3le] &2 & ol ZAn, 2F ¢y
Haz yeptons of BAL el 59 v A
=9 HAY 4 AU (Fig. 8).
0.025
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0.020
0015
0.010 1
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®
g 0.020
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§ 0.015 -
0.010
0.005 - K
0.000
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Fig. 8. Capillary electrophoresis chromatogram of fraction
B-1 (A) and B-2 (B) isolated from the second HPLC
chromatography.
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N

ool 2t RS E R H 5o AAE F 2R
HE}o] = 9 o].u] A} YL BA% Ane Table 79} 1

Rtk & A" F 7Y feol= FoA F B-1
9] o}mA} H g Met-lle-Pro-Pro-Tyr-Tyr (ICs= 10.9 1
M)o|ien, g2 g & B-2& Gly-Leu-Arg-Asn- Gly-

lle (IC5=35.0,M)2.2 T4E YA o]E HEt|=E
5% hexapeptideZ TAH0] d0oH, of FojlA &Ao]
7Hg "ol gR-& Cudd Tyro] WiEHo] JA=H
A= ACEY] 84F9E Adsterle Jeol= CEg
9] o}um|=Ato] imino acid9} WEFE olu| Al S ZA7|E
F45o] Qe Wrol=} ACE ANBHe] 9 FE
Aoz B 2]€o] e At YAt

Wako 5 [20]& @40 2t3 FE5& AVFESHAA &
< FEE2HEH ACE Agj#EAo] & Peo)=E £4
At opuit NEE ZAE B} Try-Ala-Leu-Pro-
His-Ala (IC5=9.8 M) % Gly-Tyr-Ala-Leu-Pro-His-Ala
(IC5=273 uM)tt H18tgom, Maruyama 5[9,12]
casein®] 843 7IFEHERZSE ACE Ao &
Helo|r o] oju At A EE Phe-Phe-Val-Ala-Pro-Phe-
Pro-Glu-Val-Phe-Gly-Lys (IC5=77.0 M), Ala-Val-Pro-Tyr-
Pro-Gln-Arg (IC5=15.0 M) 2 Phe-Phe-Val-Ala-Pro (ICs=
6.0 MGt Bttt =3, Yokoyama 5 [23]& 7}
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(ICs0=2.6 u M)o| ATk K 138} T}
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Table 7. Amino acid sequence and the activity of ACE
inhibitory peptides isolated from cod liver protein

ACE inhibitory

Fraction ~ Amino acid sequence activity 1Cso (M)
B-1 Met-lle-Pro-Pro-Try-Tyr 109
B-2  Gly-Leu-Arg-Asn-Gly-lle 35
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