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The peptides of enzymatic hydrolysates from oyster were determined by inhibitory activity against
angiotensin-converting enzyme. The ACE inhibitory activity of enzymatic oyster hydrolysates in-
creases with hydrolysis time. Among enzymatic oyster hydrolysates, oyster hydrolysates incubated
with Protamex showed the best ACE inhibitory activity after 10 h. Hydrolysates were filtered through
a HiSep ultrafiltration membrane (M.W. cut-off 30 kDa, 10 kDa) to obtain the peptide fractions with
ACE inhibition activity. These fractions were applied to an HPLC column (watchers 120 ODS-AP 250
X 4.6 (5 um)). Six active fractions were collected and the range of ACE inhibition was from 29.56 to
85.85%. Peptide was purified from fraction B, showing the highest ACE inhibitory activity, and its se-
quence was Leu-Gln-Pro. These results suggest that PEH may be beneficial for developing anti-

hypertensive food and drug.
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7}&-Hl renin-angiotensin-aldosterone 1= A
4 Ad S 2dsted T8 9ES g
A A ATH7,19,21,22,24].

B4 18kl U212 renin-angiotensinAl 7} F 4.
&5 FBetal e Aeg AAAL 9len, of7]d= angio-
tensin I converting enzyme©|gh= &47} #3tal Y= A
o2 &4 AY11]. F, angiotensinogen®] renin?] 5°]3
235 WolA angiotensin 1 A4 3H=H], ©]& T4 angio-
tensin A &4 (ACE)o] 9J3ste] #4528-S 3= angio-
tensin 15 A48}, ACE= L3 o] 288 717 bra-
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ACE AsjAlEo] 28 ARAZAME 7T 7hs/do] A+
WA 8 o R X5l lojA ACE AsjAY FL240]
2= Qo

1977:d ACE9] &gt 37 <l captopril (2-D-mercapto-
propanoyl-L-proline)©] 7H2& %111, ©]% enalapril, benaze-
pril & &8 F79 ACEA AL AF3E o] ndg 25 A
ZA o] &H glo wErR, A4&RA, vz}, w7,

WAT a5 24 $Age] Brhs]

Zo dzi Bed, 2224, 4dE 2 od 58 0
FHE A%71% 4F 22 e T AoH1017). £
A% 0 49 )5 Be e B AHE Gad 9F 18,
59743 o HEA) 2, AdES GF TR ol F
F% AS/15¢ 2E 59 49840 de geiA Ao

of ZHAAA Brt ol ARV eHELRE At
NE Ao 7t



A 4 7 H%, A2], gAlet, v, 37, A

A, § G5FEE13] 409

%, , 512, 7, Aol
R °HE‘[14], = @93 pepsin 7} F3E[23], vHAl
g @A Thermolysin 730 &, Sl A2 HE 2y
H Fadst feel =), LT %% 7k i8]
itE % FES o8& A9z A4V BE AP
?7} o] o] AL gtk 3 Holg|eH A frgf Hjetel=

2l valyl-tyrosine 4183t 3xbol dis) Adans e
Wol ¢ejutet Al 15 /BEJAAE d7IsdFo 2 A
kot

2 drdMe 248 285 A5 o] &3 i viod FolA
2 ax 7hrRaEe] Fudst Ao yehdtes Ay dT
Aol we} FEAREES 217 ol i % 4 7T
S0l $% F& EaAe do A Vg ACE

A &3 Hlwstal, o] 2R ACEA S| peptideS 3]z}
&}o] HPLC fraction A3l a#E #AEs Y, 345 /A&
peptide®] ofv]=Ait T2 5 FQlsto 8 AXELS 2%
11, o]E peptide TS F3t

XH =

Z A& 7MESE AR AMES] A% BE (qassastrea
gigas, 27 46423 Cm, 7% 99432 g)& A F9 Agte]
A A A A FH 3 12 71T o)A Individual Quick
Frozen (IQF)°.2 7}+& J AFLZA 1~2d T Y& Zid
AFs 7t AE=2 AMEsH AT

folr
F>

Z & JHRAES Axs] Al AR FEA BA
£ FolA Alcalase 24 L (24 AU/g), Neutrase 0.8 L (0.8
AU/g), Protamex 1.5MG (1.5 AU/g), Flavourzyme 500MG-=
Novozyme (Novozyme Co, Bagsvaerd, Denmark)oﬂ A,
Pepsin- sigma (Sigma-aldrich Co, Louis, USA)el A )3}
of A&ttt

I-step &4 7tE8iE M=

Alcalase, Neutrase, Flavourzyme, Protamex, Pepsin 5 %
2 ALE ot F Ad VFEES Ax stk W

Z(IQF) 1 kg& 1% B¢ B+ Bl x| 24} 545 7}
% vhajste], wlAES Alcalase, Neutrase, Flavourzyme,
Protamex, Pepsin®] &4 ¥h§ A% (22455, 50, 40, 55,
37C)elA Az D}H“él Fro tate] 1%7} HEE 24 54
g A7bete] 1~12A17F F2k vk A1Z1 F 100°C A 1027t
7t st A4S B84 ﬁ} Alﬁ'ﬂt}[q AdojF ZF a4 VNG E
=& YAE 2 (Model SUPRA 21K, Hanil science Industrial,

o ol 2
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Co., Ltd, Korea)3l] 284 E2& AA3 L, 35
T4 Axste] Az %‘Q% THE 3 20T s}
ol A8t th(Fig. 1). Alcalase, Neutrase, Flavourzyme,
Protamex, PepsinZ 7}=%-3)3F 2}2+9] £3) 4H&S AEH,
NEH, FEH, PEH, PepEH o2 4w 3}gith

Angiotensin | converting enzyme (ACE)2| X3lis

574 A%% AE(10 mg/ml) 15 plo] ACE BAF2(60
mU/ml, Sigma A6778, USA) 50 ulE 713+ ¥ 37Col| A 5587F
preincubation 3} t}. & 7]¢l| sodium borate buffer (pH 8.3,
300 mM NaCl Hr)ell &-3lst 5 mM9] hippuryl-histidyl-leu-
cine &9 125 W& 78t ©A] 37T A 302 HHSAIZ &
10% trifluoroacetic acid (TFA) 20 ulE 7}8te] WHg-& A Al
7. ACE Asj&& w38} 20 ule HPLC column
(watchers 120 ODS-AP 250 X 4.6 (5 um)), HPLC solvent de-
livery pump (Model L-2130, HITACHI), column oven
(Model UV-8010, TOSOH), detector (Model Agilent 1100 ser-
ies, Agilent) & ©]&3t9 £E45E+ 1 ml/min, °]FFLE2E
0.1% TFAE &-#3F CH;CNEH(0~60%, 16.5 min)< AH-§-3}
o 434 s FaHez A2 RH #29 hippuric acid
(HA)E 28 el AZste], A2 27} AF YL 02
S2A Yl old, A8 &9 Al SRS 54 dE
To 2, adete] e Al Ak Fad v
valyl-tyrosine (Sigma-aldrich Co, Louis, USA)E ¥4 tlx+
o2 g,

)zt HA-A| 89 HA

ACE inhibitory activity (%)= 0Z79 HA

x100

Oyster

1~12hr hydrolysis
Protamex, Neutrase, Flavourzyme, Alcalase , Pepsin

‘ <—— Hydrolysis

100%, 10min, Inactivation

<—— 3,000 rpm, 10min

Supernatant

Freeze drying

HPLC analysis,
ACE inhibitory activity,

Fig. 1. Procedure for preparation of 1-step enzymatic
hydrolysates.
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Ultrafiltration®f] 2|t £2|

Ultrafiltratione 2 &4 7}528E A8
weight cut-off7} 30 kDa, 10 kDa?! ultrafiltration (Hisep ul-
trafiltration membrane, SYNOPEX, Chemicore, Korea)< A}
£3}o] B242k 30 kDa, 10 kDa ©]3t9] A 25 E83to 53
A7 ¥ 54 Azshdeh

molecular

Reversed-phase HPLC systemdl| 2|5t 22|

AlE9] F% 100 mg/ml< 0.22 pm PVDF filterZ o 7}¢t
% HPLCE #3839 th. HPLC columne watchers (120
ODS-AP 250 X 4.6 (5 um))E 37C& FA st A4l 1
solvent delivery pump (Model L-2130, HITACHI), column
oven (Model UV-8010, TOSOH), detector (Model Agilent
1100 series, Agilent)E ©]-8-3Fo] 228 nmol A 2|3ttt &
g A €45+ 1 ml/min, °]54 2= CHiCNS gra-
dient (0-20 min 20%; 20-40 min 40%; 4045 min 100%)Z 3},
A&+ 100 pl injectiondtH 1, F8 &2 1 ml/tubeZ Ao
dry oven 60Tl A over night 3to] A|25 AXAF T

Peptide M 241 & &t

Az 2YES 20 w9 H0 (01% TFA)Z &322 F,
AEE A A7) A8k solvent A (50% CH;CN) 2 243}
53 solvent B (0.1% TFA/100 ml H;0)Z 2] & ZipTip
C18 (Pierce, Meridian Rd, Rockford, USA)el loading3} %l
t}. loading®] €% ¥, solvent B2 2~33] WHE3}o] A 43}
AL wpAEke 2 ZipTip C189] ZE peptideE solvent C
(70% ACN, 01% TFA)Z &3 AT $2 8 peptided <
biomembrane (AB systems Co, USA)¢] AA ] HolA U=
Micro-filterell 10 ulE 7}8tal Argon gas® AXAIAH. AX
7} B9 filters cartridgeel &3t3 ABI492 automated
protein sequencer?] pulsed-liquid methodE %3l peptide
A €& Scientfic Instrument Services(SIS, Seoul, Korea)©ll A
AAstArh 2283 A H peptides FI2EHE A 3
ettt

4 B2 AlZM JIEsE

4 T7 9 7k A bE F a4 R E
o] W3l Fig. 20 JERH AT Al 7h R &2 a4
28k B2 R 45 88% oAUt 55 YA 45
o] &3t} 7k R &3 A}, protamexS A 2|3 7RSS
1~2A1 274 A = 748l Alto] B33l whet F43] Z7t
3] 12%~207%<) W93, 1 o)) hgEa] A7t e
61 ZE7H A 25.42%, 124171 74A] 30. 66% Aerek S7HE 3
om, 1 99| 54 JfFRANEY A4S FY T Ee A

40

35

30

25

N
o
T

|w)

S15)

3

=%

2 10

=3 0 2 4 6 8 10 12 14

o

< Time (hr) ———— Protamex

@ o) Neutrase

= ——-v-——  Flavourzyme

=~ ——v-— - Alcalase
— . — Pepsin

i
=
aQ

. 2. Hydrolysis pattern of Crassastrea gigas (Oyster) protein
isolate by five different proteases (E=1%).
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738 YER ). Flavourzyme, Neutrase, Pepsin®]
T 112X AR el &2 ZH2} 24%~27.38%, 19.4%~
24.1%, 14.04%~19.58% 2 %718t e}, Alcalase?] 7% 1~124]
A MR 207-3862% 2 °F 18% F7HHATh
A9 72+ A9 7HEE s &2 Chung 0[3]°ﬂ"1 B npe}
%] endoprotease”} F2Z §H+¥ alcalase %
Zstgg el

o

9 protamex”} en-
do- ¥ exoproteased] &
o agm
pepsin¥ 2-& A3tado Hl& ¢

neutrase$} flavourzyme:
, neutrase%} ﬂavourzyme~ 7] A5 do] &

o] hehyiey.

I-step &4 S AlZtd, ME2AL 22E

Angiotensin [ 384 (ACE)= BE43 <l angiotensin-19]
2 dipeptide (His-Leu)& A 9ate] 4321 angiotensin-II
2 AdAZozAN AL A=A s Aow dHA U}
B4 7MEEEY 87 peptide-nitrogen 332 Park [18]
Z Chung S3JeIA %44 Eae] TR/l ARl 7HE
o] 2 EAe °ivh weEtha Bago} glof &
peptide-nitrogen & &2 v AIst S48 A7} §EEA| Z_}%
27188159 ACE Al €42 Table 1914 RoA= A}
2ol 1-step &4 1~12A17HE 7k sl =9 ACE A &4
PEH (protamex enzymatic hydrolysate) 75.80+1.59% ~ 83.32
+0.59%, NEH (neutrase enzymatic hydrolysate) 76.57+2.23%
~ 79.77£1.67%, FEH (flavourzyme enzymatic hydrolysate)
3.45%1.27% ~ 15.7241.55%, AEH (alcalase enzymatic hydro-
lysate) 39.62£0.54% ~ 43.24+0.41% PepEH (pepsin enzymatic
hydrolysate) 46.85+2.02% ~ 61.37+1.52%=Z JElstt). 72t &4
7hEEEe] AZPE ACE Asjadst 71 & PEHE 7H4-
23 1~841%F 74A= ACE A8 &439] ARhE ool vet
WA groket 10, 12417k ACE Al 84L& =toy #94

ACE XsH&tA

o?r_._l
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Table 1. ACE inhibitory activity of Crassastrea gigas (Oyster) 1-step enzyme hydrolysates by various enzymes and time

Enzyme Hydrolysis time (hr)
hydrolysate 1 2 4 6 8 10 12

PEH 77.53+0.46 79.1141.02 75.80+1.59 78.16%1.25 77.70+1.54 82.59+0.52 83.3240.59
NEH 77.79%1.69 76.78+1.69 76.57+2.23 78.26%1.10 78.53+1.50 79.77+1.67 78.76%1.65
FEH 9.93+0.9 11.7441.28 15.7241.55 3.45+1.27 6.01+1.72 3.50£1.5 7.93+1.67
AEH 39.62+0.54 40.38+2.27 40.28+1.55 43.24+0.41 41.03+1.76 41.76+2.4 39.78+0.7

PepEH 46.85+2.02 47.86+1.79 53.66+1.52 58.64+1.52 54.41+4.06 61.37+1.52 57.77+1.36

mean=SD.

Obtained from three experiments.

Table 2. ACE inhibitory activity (%) of each active fractions
from Crassostrea gigas (Oyster) enzymatic hydro-

lysates
Enzyme Ultrafiltration of hydrolysate
hydrolysate 30 kDa 10 kDa
PEH 69.18+0.75 83.71£1.12
NEH 55.49+1.79 70.23+1.36
FEH - -
AEH 50.45+0.51 55.47+1.36
PepEH 51.02+0.97 57.74+1.10
mean=SD.

Obtained from three experiments.

& YehtA &9tth. NEHE 1047t , FEHE 44171, AEHE
6217}, PepEHE 10A17F B¢ 7 &4 71484 A7k ¥ w)
ws) 2 A3z PEHE 83.32:059%, NEHE 79.77+1.67%,
PepEHE 61.37+1.52%, AEHE 43.24+0.41%, FEHE 15.72+
155% o2 w& S4& el o9} 2 Ade 54
of B Ealo o3 AHHE A= g2 F2U AEZ
o] % oprit WlE M E zhe ofE] FF9 peptide”t ACE
AH S U= Aoz F4 =ojxh18]. 1este] &
By g4 VRAES 24 g4 v iR A
714 ] 5ol wet ACE A&/ ] Ato]E HolA Hrhal
HE o5 VMR ES e AFHE o] &8t TR
&< molecular weight cut-off7} 30, 10 kDa¢]3}] #3&&
AL, BEEH ACE A4 & 13 27 E Table 291
Yehl itk PEHS 30 kDa, 10 kDa®3E& 77 69.18
+0.75%, 83.71+1.12%, NEH] 30 kDa, 10 kDa¥- 8 &-& 7}z
55.49+1.79%, 70.23+1.36%, AEH®] 30 kDa, 10 kDa® 8 &-&
77} 50.45+0.51%, 55.47+1.36%, PepEHS] 30 kDa, 10 kDa%-
YE2 247 51.02£0.97%, 57.74+1.10%¢] ACE A3 A#E
Uehdl e FEHe @40] UEhA] 9kth. 30 kDa o 2l B
T} 10 kDa 28] ACE A3l &37} %9ko, 1 & PEH
10 kDa 8 &°] 714 =& &4 Yeth

10 kDa PEHE £E{ ACE Mall peptide £2|
I F2] polypeptideS Al AdFAL A A} peptides 271

Absorbance at 228nm

RT(min)

Fig. 3. Chromatogram of 12 hr PEH (10 kDa filtrate) with re-
versed-phase HPLC system on a watchers 120 ODS-AP
250 X 4.6 (5 um) column.

3] ACEAS) &40] 714 %A Uehd 1047 o) uhs
A1Z1 PEHE 10 kDao|3}] $t9]oiw} vhs Fojat A £
EES HPLCE o] &3t FEat % th(Fig. 3). ¥ 33719 £8
S BHea, 4zte) 23 &L Axste] ACE As| A4
S vl sglEd, 1 A3 ACE A8 249& Yele 235
< 15% odld] X5 &&HNoH, 1 F ACE A&
7H¢ %ol Yehe Ao Adse= £ A (No. 4), B (No.
6), C (No. 7), D (No. 10), E (No. 12), F (No. 15)¢] #&&<
AZAA ACE AEAHE &3 TS table 39 YR

o). Z}7Z+e]l ACE A 3842 85.78%, 85.85%, 29.56%, 81.72%,
7737%, 5253% 2 JEYth 1 £ =& 4% Y e
fraction A, B peakoll ] &2 ##S 7}A+= fraction BE A
3ted HPLCE o] 83t 8913t 43}, PEHY fraction B
peakd] A& 15t Th(Fig. 4). Fraction B o}r|:=4HE 9]
EAEL 600 Da ©|3ta, NEHo|& LA ofm|=Akd]
Leucine, Sl 9714 o}v|=4F Glutamine, CZHH] o]
=2+ 7] ProlineS 7}2 Leu-Gln-Pro ¢ A& 3elslyith
o] & peptide $4J3te] ACE A &AS gelgt A3, A&
A FE(ICs)7F 1.18 uMYS 91359t}

Daisuke 5[4] = ACE A a%E Yehll= 37 714E3)
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Table 3. ACE inhibitory activity of each active fractions

Fractions ACE inhibitory activity (%)
A (No. 4) 85.78
B (No. 6) 85.85
C ( No. 7) 29.56
D ( No. 10) 81.72
E (No. 12) 77.37
F (No. 15) 52.83

RT(min)

Fig. 4. Chromatogram of purified fraction B from 12 hr PEH
(10 kDa filtrate) with watchers 120 ODS-AP 250 X 4.6
(5 um) column.

E A peptideE #2382 peptides F/d¢ 27 Leu-Lys-
Tyr, Leu-GIn-Pro9] ICxgke] 242+ 0.78 uM, 1.04 tMZ 52
A4S NMAE Ao E Bustth E3 Leu-Val-Tyr 9 A3
4 9 180 pME E2 4S5 YetEtha Hustsich
o}7]M As) &Ao] 33 peptideEL FE5H 02 NUth ofv]
A A7)0 Leudt 22 AFA ofv|itoz FA o 3

Ao g Bustfed], & Ad7AME ACE A adE &
fraction B9 ojv|:=4t 2AE QI8 vl fAMS AR E
At ATE

S, Byun 5[2] & obv|=Abe] 7)) el thste] HE
S A7 N2 Leudt CZHe] Prod] 2717} A= tripep-
tide7} ACEA3] &A4o] =52 B3l om, o] & tripeptide
oA ACE A3l €4S =4 7FA< peptidet Leu-Gly-Pro
(IC5=0.72 mM), Gly-Leu-Pro (IC5=1.62 mM) % Gly-Pro-Leu
(IC5%=2.65 mM)°|2tx B3 3}$it}h 3 Matsumura 5[16]
o Bio] w2W ACE Aslans Yehlls 7itdo] W
peptides st A7, A& o] g peptideE2 354
02 NEY ofu]i=4t Z7]9)+= valine, isoleusine & leucine
I 22 Q7|4 ofw=sto], C Bk ofw =t 7] pro-
lineC. 2 FAE AT Bl 34t} ©]E peptide 3= <]
CTR] ofp| Ak 27191 proline& ACE 4] ¥-9j9}e] A%
o Fa3 988 st FE3 ACE AMAZ A&ty B
Ao A 9] fraction BY ofw]iAk A8 &
, Leu-GIn-Pro] @A e] 49| proline = 3]

o rr

v s et A
o]9} o] B Ay A HuE AR Ay ZF aaTl¢
®3 &2 ACE A 3| peptide= 243 Aol
7

8.

10.

11.

- ool A=Y
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