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The peptides inhibiting angiotensin converting enzyme (ACE) were isolated from the hydrolysate of manila clam (Ruditapes
philippinarum) proteins prepared with thermolysin. The thermolysin hydrolysate was pretreated with membrane filtler (MW cut-off
10,000) to obtain the peptide fraction with ACE inhibition. The crude peptides were applied to a Sephadex LH-20 column and eluted
with 30% methanol. The three active fractions (A, B and C) were collected and concentrated, and then applied to a SP-Toyopearl
650S column equilibrated with distilled water and was eluted with a linear gradient of NaCl concentration (0 to 1M). The four
active fractions (A-1, A-2, B-1 and C-1) were collected and concentrated, and then applied to a SuperQ-Toyopearl 650S column
equilibrated with distilled water and was eluted with a linear gradient of NaCl concentration (0 to 1M). The maximum inhibitory
activity was observed in the fraction B-1Q showed the ICs values of 0.748 ug. The abundant amino acids obtained from active

fraction B-1Q were leucine, isoleucine, alanine and threonine.
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8214 Ay 990 e A4 H2Y, A4y 2 Ay
T4 FHFOE UgHE FE AAE] W & WA HIA
AEY 28EY 90% oS AT 2HA n¥YS AFHY
4E fAe 717 Ee FAH3 FAH AYHe A¥og
(Frohlich, 1982). o121¥ el ¥ ¥ FAM renin
angiotensinZl 7} ¢z Aol ¢ F2% 8L ddx A
A% (Saxena, 1992). &, angiotensinogen®l renin®l 2}3}4
angiotensin 122 ¥3| ¥ I, o] angiotensin HEFE 2 (angiote-
nsin converting enzyme, ACE; peptidyldipeptide hydrolase, EC 3.
4.15.1)9) 93tel C B9 dipeptide (His-Lew)7t Ao 78
3 H#+F 3289 angiotensin 12 W3A ®d 4AE
angiotensin 1€ WAL FEAA ¢4 F5A 7)1, adre-
nall Al9] aldosteroned] #u]E &3t AF e sodium Z F
29 AEFE FVHA7le 9L $h =% ACE:= ¥3¥3%,
29 54 Fd 59 AEE 712 bradykining £33 8
Aoz ARHOE I¢E F5Al9e 988 # (Cu-
shman et al,, 1977; Sealey and Laragh, 1990).
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dtdle ACEQ A#7t @ olat At ol #ddte 19709
& ACE A#Z4-& 2 peptided] tetrotide7t B et AT &AL
(&) EAL (Bothrops jararaca$h Agkistrodon halys blomhoffii) 9]
Edoz®y BHYHYUDT (Ferreira et al, 1970; Ondetti et al.,
1971; Kato and Suzuki, 1971). ©} tetrotides= Z(&) reninZ 2
ol FAolA 2yt ol UM FAF AL S
Zte Aoz HelPo 2N ACE ANAEY ¥} AEAZAY
M 7hsAe] AASHAT 2 19889 vlx ¥ F594
X ACE AsAE 1Y A8A2A TAA HEzH
28 o 2 X3 Qo4M ACE AdAY F240] F4H7
H At (Nishikawa, 1993).

AZHE FoA ACE ASEAHE Yehle HRo2E oY
7hA AFelAe 54 SMeEHEZRY doJF peptideRE F
Joz 32 4743 Yt &, casein (Maruyama et al, 1987),
zein (Miyoshi et al, 1991), gelatin (Oshima et al, 1979), &
(Muramoto and Kawamura, 1991), 8% (Suh et al, 1994; Cho
et al, 2000), A5} 1 FAEQA & AA9 (Saito et al, 1992;
1994), Aol & (Matsufuji et al, 1994), 7}t 0]% (Kohama et
al, 19D % WA (Matsumura et al., 1993), i 7Hb&9y (Yo-
koyama et al, 1992), 5% (Yeum et al, 1992), 239} (Suh
et al, 1997), t179) 7t (Choi et al, 2000) 9] 712 EZRE
ACE A3l peptide® ¥83td ofr|it Wid g HAdHL, o] &
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7|22 peptideE 3H3Ho2 §Ade Afane nAe C ¢
N 2 ofujiitel G gt HEH vk EF Osajima
et al. (1993)2 ACE A8 peptides] 93 & A& AE sys-
tem® A7, AFFADG. A2 L B $ casein 9 dodeca-
peptideE 73 AF IS IIAADPI/E EFRALAEY
3z AwE gl

E drdMe 44 HFE5E ACE A ERY A4 & 3
A5, A A AGEANEQ A dB A9 thermolysin
Tt R EFAA 1 A B0 Ao, o|2FE ACE A3
peptideE oo 4 22 EIAY ¢ o] ZH AZnED
oz Fejste] 1 AsfETgel st FE}A

R

XN o=

Ao AH4E vA3 (Ruditapes philippinarum)2 A'd S35
AN AAE AS FUsY B F FRFN ¥ 108 s
o, —20£2C9 $AIA A Fiu Ay AL

ACEE E7|9 #uzRE 9& FHEA (Sigma chemicals
Co.)E, 714 2% hippuryl-histidyl-leucine (Sigma chemicals Co.)
S, 2832 983 S EHEAZE thermolysing (Sigma che-
micals Co.) AH§3ch 2 ¢ & A|%& 48 53N%E
AH&3t Tt

ACE 84 £3

23% %9 A& 1540 ACE FAEA (60 mU/mL) 50 L&
7b8 % 37Co A 583 preincubation A Th o 7)) BAMGE A
(pH 83, 400 mM NaCl #%)ol €818 5mM® hippuryl-histi-
dyl-leucine £ 125 uLE 718t ThA] 37T A 308 WA ¥
10% trifluoroacetic acid (TFA) 20 uLE 7}3te ¥8-& AR AF
g (FANEL Ag £9 dAd FFF 15uLE AH3Y. e
€9 20 uLE Zorbax 300SB C; column (Hewlett Packard Co., 4.6
X150 mm)& o] &% 94 HPLC (Hewlett Packard Co., HP
1100, USA) 22X #48¢dh o/d, $E4EE | mL/min, o154
O2F 01% TFAS ¥43 acetonitrile £ (0~63%, 36 min) &
Abgate] AEA FETHELE A4 whgd o3ly A2
2 ¥ hippuric acid® 228 nmdl M AE8H, A& 7t AF A
Aegg BB g2 ACE AHES Uehidd ACE AsAlY &
¥ ACEY 842 50% Adsted 27=e AfAY F& A
et ICy, (pg) 22 A3t

Hix|2} T thermolysin 7125 S25E{ ACE X3l pep-
tide2| 22

uAlE 100gS 574 300 mLe] ¥ol 1083 HI5F F, polyt-
ronoZ #AEAAAL, #4E 30 mLE 100 mM Tris-HCl ¢34
9 (pH 82, 10mM CaCl, ¥%) 50 mLE 7}¥ T, thermolysin
R mgd F7Iee] 37CAA 4547 AR E o, 100CA 10
27 wi5dte uhg-g AAA AT, o1& A £ (3,000g, 20 min)

¢ % a2 43d8 #9939 (PM-10, Amicon Co.)& °]43+4
A 10,000 Da 015t ALAEAE 53 dYFFT AL
Ngdez gt ZAFT AEY SmLE 30% methanolZ H ¥
3} A171 Sephadex LH-20 column (Pharmacia Fine Chemicals, 26
X900 mm)o} FY&L 30% methanolZ &% (f% 208 mL/hr,
FYF s2mL/be) A A 84 8 & F/FE 3EA SP-
Toyopearl 6508 column (Tosoh Co., Ltd., 16X650 mm)# Su-
perQ-Toyopearl 6508 column (Tosoh Co., Ltd., 16X650 mm)°l
Fq8td FFFZ £5% 2, NaCl €9 (0~1 M) & AL&3tq
Ay s=7de2 &% (4 30mL/hr, £8%F 5mL/tube)
3o AHEA L 2

ojoji it B

ofu]}= At EA e gl FFo 2 [SmeHe A8 1mLE am-
pled] B3, 13 4 1 mLE 7o AAVt22 X@3a 9%
& T2, 110CY dry bathel A 24X 7 7A=RE& ¢t 2ald S
glass filter2 33t AP ndte FihE §78 AAT g5
Z%5 10mLE 713ty oA Aqtdag ¥ FANVGEFSFE
o (pH 22, Sigma chemical Co) 224 25mLZ B &35} °f
o] 9A%EEL Hato ojm A AFEA 7] (Pharmacia Biotec Co.,
Biochrom 20, Sweden)& AH&3te] B4 2 @3yl

ik

Za o

ulA g @49 thermolysin 7t EZ 56 ACE A3 pe-
ptideE #2387 93ted, £x4F FAEH7t 10,000 Dadl §9jof
suts 3 ARAF AL Sephadex LH-20 columnd ]
48 4 agvead g AAso 243 F, 280nmoAN Y &
#s 2 1 e ACE ASaAdE 4%E AH4E Fig 19 YE
Witk 2 23 A (No. 45, 46), B (No. 49, 50) 2 C (No. 65~
68)9 3o B4 YEE& A ol & A d4FEEe SP-
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Fig. 1. A thermolysin hydrolysate of manila clam proteins fil-
tered with PM-10 membrane was chromatographed on
a Sephadex LH-20 column. The fractions marked with
a horizontal line were collected.
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Toyopearl 6505 columnS 2 ¥o]& ¥ AZojE1YHE P&
Azt B AZRH ZFF £ Y2 A1 (No. 18, 197 0.
438~0450M NaCl THHNA £&¥ A-2 (No. 62, 63), ¥
B2 CEXH {4+ £% £ B-1 (No. 25, 26) 2 C-1 (No.
21) ¥8& 21 (Fig. 2). o1& thAl 445389 SuperQ-Toy-
opearl 650S column€ ©| &% &0l ¥ AZMEIAIE Y
AT, Y 4 &, & g A1 € A22RE HER §
229 A-1Q (No. 16), A-2Q (No. 14), B-12%& B-1Q (No. 17)
2 C-12%H C-1Q (No. 23) ¥ ¢ 3434t (Fig 3). #2&
Z g4 R opu|At AL Table 13 2o} 71 22 A
4¢ vehle %< B-1Q9 opvx=At AL alanine, leucine,
isoleucine ¥ threonine®] Z+Z 300%, 113%, 107% 2 112% 2
e, olE 43 R9 opnikite] & 63% FEE AAFHUL,
ACE A3 84L& ICs %ol 0748 ugol 3t} (Table 2).
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Fig. 2. The active fractions eluted from Sephadex LH-20
column was chromagraphed on a SP-Toyopearl 650S
column, The fractions marked with a horizontal line
were collected.

Cho et al. (200009 4% §F $AHY 5 A4€ ACE A
peptide®] o}u):=At 24L& alanine®] 308%E 7HE EUTL B
3o, Suh et al. (1994)9) B¢ @3 AAF peptide=
alanine®|] 55.5% 2 433] £& H|FE A G Baste £ &
T A% FA ZE YehAh E3 Suetsuna et al. (1988) %
1229 o] &% 329 AF&Y pepsin 7HFEHENA ACE A3
EHE 7HAE peptideS HY - £ FH LM, ACE A3 peptide
9] ofuj:=At ZA)L aspartic acid, glutamic acid, arginine, proline,
isoleucine ¥ lysined §Fo] EAF LR grtu g 28,
Yeum et al. (1992)% nEo] 259 HAY EFEL I brome-
lainol 9% 7FEE3 A ACE A3 84 &9 £AFS &
145022 FA3AL, opp)x=At 2L aspartic acid, glutamic
acid, lysine, leucine, valine 2 alanine®] ##Fo] B& Aoz ¥
23Ut

}H, 84 28 o) ¢ TE opuxA AVEM FLE o
& & proline FFE 3.7%%0 A2 Yetgth (Table 1).
9} #H 3 Cheung et al. (1980)& peptideE S ACE A3 E 2ol
UAE CHd 2N 2Y obuxit 2719 G ddte] AEF
43, C ddoE tryptophan, phenylalanine, tyrosine @ proline
%°], N ¥@& histidined ¥IF& F71A opv|xitd WP
2D AFA ol iAEo] a ol peptideES ACEY tjdte
angiotensin 1 3 ZA o2 A3t ACEY 84 & ZaAIe
Aoz FHEgn S}t 2T §55 f e92Y azeind
EA7SEHEZRE 223 ACE A3 peptideES C BT °f
o4t 2712 A proline, tyrosine, alanine ¥ glutamineS 7M€
tripeptide2 41, ©f & ACE A &H7} +5¢ A& C 29 o
x4t 2717} proline! Leu-Arg-Pro (ICs=0.27 uM), Leu-Ser-Pro
(IC%»=17 M) 2 Leu-Gln-Pro (ICx=19 uM) E°I%3, N TG
oluli 4t B7|2E leucine 7HA Ro| valined 71 ARG &
F#3tn d9ct (Miyoshi et al, 1991).

Matsumura et al. (1993)& 7tchdol WA ZRE ACE A3
24 Jehe 6379 peptides #2l31e] o]E9) opv|it uj
d& H3x, olE 71RE peptideS ATHoR FAdd ACE
A eg AES A4, 28 AN E dele 4379 -
peptideE & FE5HOZ N 2% opv|x4t Z7|2AE valine, iso-
leucine ¥ leucines} #-L A4 opnAtE AL, FHoe
arginine ¥ lysine®} 22 F7|14 oAt C T oprjxit
B712E prolined 7FATL 3t

ol 4] A7E ZF¥std vlAF thermolysin 7HrEHE 9 ACE
A A e 1 T4 opmite Ao Rz 4FE LE
Aoz AZAEHY, I T4 peptided] FHY ovx4t wido]
E 4F& i Aoz FHEY. waA ojd th ofmit Bl
HHL FF 49E Fad AR} §ct

2 ¢

utA g A9 thermolysin 7HESIE2HE A SAHY
7} 10,000 daQ) ¥l Bete FHE AELAF] E4E Sephadex
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Fig. 3. The active fractions eluted from the SP-Toyopearl 650S column was chromatographed on a SuperQ-Toyopearl
650S column. The fractions marked with a horizontal line were collected.
Table 1. Amino acid composition of active fractions isolated  column® SuperQ-Toyopearl 650S columnd ©|-&% ol & 2@
on a SuperQ-Toyopeal 65(;5 column 45) azoeadud dste 44 &4 YR& AU o] F 4R
_ b to total amino acids) w0 3y gye Yee YR ot ZHE alanine, lev-
AmmO. ac@s AlQ  AQ B1Q  C1Q cine, isoleucine ¥ threonined] FFo] By, ¥4 Eddl 9lof
i':shpam,c acid }gg ;"7) lf; ?g C #d oulicdt 27124 $28 4EL 3 polined] FIFE
reonine . . . . L
Glutamic acid 43 34 41 10 A
Glycine 10.5 6.2 8.8 59
Alanine 149 10.5 300 8.0 N a
Cysteine 14 08 18 11 a2
Valine 9.1 89 08 8.7
Methionine L0 LS L1 19 Cheung, HS., FL. Wang, MA. Ondetti, EF. Sabo and D.W.
Isolel'.lcme 56 8.6 107 - - 119 . Cushman. 1980. Binding.of peptide substrates and inhibitors of -
Leucine 8.1 113 113 185 angiotensin-converting enzyme. Importance of the COOH-ter-
"ll;yrosme . (1)'5 0.3 2‘3 12.1 minal dipeptide sequence. J. Biol. Chem., 255, 401~407.
henylalanine 7 14 2 227 Cho, YJ, WS. Cha, SK. Bok, M.U. Kim, S5. Chun, UK. Choi, SH.
Lysine 38 257 0 35 . . . !
Histidi Kim and KS. Park. 2000. Production and separation of angio-
istidine 0 0 0 0 . . e R :
Arginine 24 39 0 0 tensin converting enzyme inhibitor during Natfo Fermentation.
Proline 90 38 37 14 .J. Korean Soc. Food Sci. Nutr., 29, 737~742 (in Korean).
Choi, YR, PJ. Park, JH. Choi, H.G. Byun, I.C. Jeong, S.H. Moon
Total 1000 1000 100.0 100.0

Table 2. ACE inhibitory activity of active fractions

Fraction ICs (ug protein)
A-1Q 1.221
A-2Q 1230
B-1Q 0.748
C-1Q 2,620

LH-20 column® o] 4% A aznead A ACEY d3y
A gA4e HAE Y 2L B35 SP-Toyopearl 6508
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