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Purification of Angiotensin I-Converting Enzyme Inhibitory
Peptide from Squid Todarodes pacificus Skin
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Department of Marine Biotechnology, Gangneung-Wonju National University

In this study, an angiotensin I-converting enzyme (ACE) inhibitor from squid skin was purified and
characterized. Squid (Todarodes pacificus) skin protein isolates were hydrolyzed using six commercial
proteases: alcalase, a-chymotrypsin, neutrase, papain, pepsin, and trypsin. The peptic hydrolysate had the
highest ACE inhibitory activity. The ACE inhibitory peptide was purified using Sephadex G-25 column
chromatography and reverse phase high-performance liquid chromatography (HPLC) with a Cig column.
The purified ACE inhibitory peptide was identified and sequenced, and found to consist of seven amino
acid residues: Ser-Ala-Gly-Ser-Leu-Val-Pro (657Da). The ICsy value of the purified ACE inhibitory peptide
was 766.2 uM, and Lineweaver-Burk plots suggested that the purified peptide acts as a noncompetitive
ACE inhibitor. These results suggest that the ACE inhibitory peptide purified from the peptic hydrolysate
of squid skin may be of benefit in developing antihypertensive drugs and functional foods.
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AFAETY 2L AV FAFES AT oF 15UE AR
AT, dFERko] AlRdo g o] &5 i, tjfto]
71=o] A RS dovx rt oelg FAVE FAE
% olF A v 9 {8 R0l v FrE o] 9o
2] Aol go] 753t (Kim et al,, 1997). o] FA Aol =
Fepzlo] vhEF drEo] glow, G whlEg] Aggio s
A3 2 75 HEE Ax Y5E o] g3t A2 A
4 2 st BAE ] fraolg Sl At ofu
7} 21T} (Tharanathan, 2003). ©]2]3F o] =, t}k3k o] 774
2HE AYEY B9 28 9 GA B3 A7 s
283 glom, o FHA Feje] duld I E el A
Folxl A =9 dilst &4, i, dtd 2
o AYYd 4S5 g6y AU ASAH SR KAy
3L At} (Kristinsson and Rasco, 2002). &t dEo A= o Fet
e gl HAES o] &ate] dddal W kst 2Hgo] e
FE =7t Srd 75 AEEC] dviE L Ut

Ao g 7 EA7E Ha e a8y A3ke WES
ojvf AR, B Ela AR WS 29 E Bk
ofret A date] Kol HitaiAar F st doF]
o} (Do, 2000). wetA] a1t AA7F A AR S4-E YER
A= FAN S AR FAATE 42 A e
S v el WA E = qivh a G I "ol {H
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of @& A7t #esty] witel Ag7HA ] S ATl =
Batal o 2 7)de] ghdetAl Wel A A= FAT
AA A d
(RAS)¥} kallikrein-kinin system®] A4 o] §A]5#] &S
Htzde AV A71E AR g AT} (Axena, 1992).
Renin-angiotensin system®l] 2]3}H & lo] Grolx] A} o N
9 Na' %7t Astd wo] 2102 FE WEEE renin
gl A Hol dFor WEss A 55~60 kDa
o d% duwAdr FREY  IE
(angiotensinogen)©l] 283} decapeptide] angiotensin 1 A
A7}, A2 E angiotensin 1 (Asp-Arg-Val-Tyr-Ile-His-Pro-
Phe-His-Leu)> A 2] EA& 7HAA] A F2 #u 413
EAsH= EARF 150~200 kDal angiotensin I-converting
enzyme (ACE ; peptidyldipeptide hydrolase, EC 3. 4. 15. 1)l
o] 3ke] C-2eke] dipeptide (-His-Leu)7} 2 w5 o] octapeptide
2l angiotensin II (Asp-Arg-Val- Tyr-Ile-His-Pro-Phe)Z ¥t}
o] angiotensin 1I+= 72 gt P P5H288 2o Filvzd
(adrenal cortex)°l| 4] aldosterone?] W& £ to 2 M &3}
Na 9] wjAdS A3t} (Ondetti and Cushman, 1982).
ACE A A ZA = 1960\ Bothrops jararaca=++2] ol
2] BPFs (bradykinin potentiating factor)7} 71 ¥ $1 31 (Kato
and Suzuki, 1969), BPFs & nonanpeptide$! SQ20881°] Engel
et al. (1972)°1 234 $-5=3+ ACEAS|AZ AAF AT} 1977
d ACEQ] 7E3k AsAI2] captoprile] 7HEtE oL o] F
enalapril, benazepril 5 7% 2] ACEA3|AI7} &8l ¥]o] 18

& =438 7172 renin-angiotensin system

renin”’] &



2 o] A A ZHH Angiotensin I

']E.Xﬂi/\ﬂ o] &5 3 It} (Ondetti et al., 1977). L 1ol
ted ACEA & Aol = @A 7hial &, =2 Dol A

_H'_L )

HE| = o T2 Cutho proline% 7HAE AEEE
QA EF o] 5 AEL HAEo|gE SHoA] oA 9]
A 5F 31 ACEA 3| A Q1 captoprilell H]3lo] €43 o] 1/209]
A ] kol Wl ek ACE A3ls S zte ddAEH
gk g7 A &Aoo 8 o] Fo] X il It} (Ryu and Shin,
1997). o] ¢} Breddte] I EAd 2 FATFE A E
o] gy ZhEitaE R el gk ACE Al HE =] AT
24+ tuna frame (Lee et al., 2010), canola meal (Jianping
et al., 2009), algae waste (I-Chuan et al., 2009) 2 sardinelle
(Sardinella aurita) (Ali et al., 2008) 5°] QS o]& ACE
Asl e =9 opw] =2k HH%% WelaL, o] 5 VxR FE=
£ etz 0w skl ACE Asatel mA= fAH=E9
C 2N g ofr|ibe] kel gisk 27t ot (Je et al,
2007).

Salehe] tHEA Rl AR e ol
o) R ol §¥ L k. A2 AelA Aol £HgE
7 gste] Ak o g g e dusl s e
W3 Bo Amz AHgHv ol sl Ao
AoAol, A2 L B2y ol 4F7 Pl%fliﬁ 01%
}/\—O—tq, XY W WA 17 So' tgetA o] 8§F L
(Lee et al., 1998).

ool A W FAHE A, AR, A4,
/‘\lxol-, A W 7 Zo] BALE S il A vl 7o
o] Fislol QAT A8t ol we
BE ARACE o gAY R E 775
oF7] A7) 9]
wl o] gHiHo} Q7] W] AFHeR B A7
A% L AE RoblA F83A 288 7 Ak

274o]o] olge] Tt AT 2 QRA o] o] Folx]
o glow], A% 9 HEAE 9 5
Al AF7E J3PEo] 3 Tk E3E @ o]l w (Wang
et al., 2009), A& AZ}E (Giménez et al., 2009), Z 5
(Rajapakse et al., 2005) .2 5B gt & ksl st
AT7F HarsEo] )

B AgellA = OHOH T8 HERQl 2o} 71 #A ol
A A= AEENE gd Theide s Al
ZFrEslE 25 E ACE Adl FE=E
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43+ 2 A (Todarodes pacificus) 4242 201010
62, 25N FEALIA T3Iste] Aasseh 2 g0] 71
< 7hRslEtr] flEl AH8E EA4E Alcalase®l Neutrase
NovozymeA}l (Denmark)ol 4] 918} 3L, a-chymotrypsin,
trypsin, papain<> Sigma-AldrichA} (St. Louis, MO, USA)°ll 4]

Agha i

A& FE = B2 AA 119

T35 21, pepsin Junseir} (Tokyo, Japan)oll A -} 3151
th o84 kil E RS- ACE Al FE=E HAs)

7] $)8ke] HPLC (Agilent 1100, California, USA)S AH&3F51 S
H, FE =5 2] FASt=d 23 HPLCE acetonitrile->
J.T. BakerA} (USA)ol Al 79138141 3L, HPLC column YMC
Cis column (Kyoto, Japan)S- AF-8-3}91th ACE A& 574
o] AL-8-¥ ACE®} 71d 24 Hippuryl-Histidyl- Leucine (HHL)
= Sigma-Aldrich (St. Louis, MO, USA)AFol A £Q18}9 2.1,
T 9pe] AJokS BEAE SRS ARESEGIT

27o] 7] ofnlidt 24 A

A A ofn Al XL AOAC (1990)H ol whz}
A& 50 mgS AH3Fe] ampouled] ¥, 6 N HCI 2.0 mLE
7kate] 110CTol A 24413 b ital st i), 7h s A<
glass filter2 o F}s}ar 7k 74 Z238ko] HCIS A|ASH 3, o}
At A4 714 sodium citrate buffer (Na™ form, pH 2.2)%
25 mL Z&3I3T) o] 5 dRE FHoto] oAt AEAlY]

(L-8800, HitachiA}, Japan)Z 43} T}

B AR RS o 48 240} A ke
4o Aae v ARt 98 4§ 5k

alcalase (from  Bacillus lzchen;formzs, 24 AU/g), a

-chymotrypsin (from bovine pancreas, 40~60 units/mg protein),
neutrase (from Bacillus amyloliquefaciens, 1.5 AU/g), papain
(from papaya latex, 1.5~10 units/mg), pepsin (from porcine
gastric mucosa, 400~800 units/mg protein) 2 trypsin (from
porcine pancreas, 1,000~2,000 units/mg solid)S AF-8-8F] A1A|
ek

Qo] HAe 7}/\H3H‘:* A dekd Arjse] g
ghefo] 1 go) Q =2 3lo] etk AH3E A8 100
mL g lof W %%Zzoﬂ/ﬂ 1A 2E 2] 5, 718 4]

FA

7} 100:19] EL‘E a4E 7k 64 &
THrREEE S Kim et al. (1990) o] 153 Wyle] e}
7}$E—%H% 1 mLE 95C9] BFgolA 5571 et
A5 2843 A7 T 20% trichloroacetic acid (TCA)-&
A 1 mLE 7Fske] 30+7F W] § QE-g-ole f1A1E-E] (3000
rpm, 10 min)3te] 3B ATk AR F dojl
A ()] whald FeES Lowry et al. (1951) oz =4

skl oH, thg AL S o] &5t TR s Telkith
7Hed oeld gk
ZHEEAE (%) = x 100

%Oi A4 7t Ee ACE A3y =4
oA A 7R ES ACE A& 5742 Cushman

7} Cheung (1971)2] %ol %0}04 Z45elth 24 A
7R ES]E 50 uLoll ACE &4 50 LS 713k 5, 37 Coll A
1057F &2 2] skt whs-oe] 7122l 50 mM HHL-E <Y



120 oA - AT -3

100 ULE 7}3ke] 37Col A 1A 7F ¥FS-A)71 3 1 N HCI& Y
025 mLE 78t Ad3 &3] 2 nRkste] 98-S A A4

Zth. Hb-&-8-Holl ethyl acetate 0.5 mLE 7}s}o] nubelk of-&,
HAE2] (5,000 rpm, 10 min)AH 5 (ethyl acetateZ)
02 mLE HF 8IS o] s 1x7]oA 80T ¢+3]
AZXAZ T Z57F 05 mLE 718ke] faA A, B33
(JASCO, V-550)2 S35 (228 nm)E =431 th. ACE A3
e the AW olgetel Austelt

Cc - S
C - B

A& (%) = x 100

C : Control absorbance
B : Blank absorbance

S : Sample absorbance

Control % blank v 7F&E& il SFHF 50 ILE
7hstod Askglem, ACE A3l &d& Al &4 o] 50%Y

oo AehAl FE=SQl ICs#k = LERH AT

ACE A& A =9 & 2 Al
Aol A 7Rl ERHE ACE A PHEE FEA
A 3F7] 918+, Sephadex G-25 gel column chromatography 2
HPLC (Agilent 1100, USA)E ©]-&3}o] E&| A A8t} A
A o] I} Sephadex G-255 5718k column (& 2.5 x 75 cm)ell
100 mg/mLe] 7Faal&E &9 2.0 mLE F9)ska, §vi<l
THTE 1.5 mL/mino 2 £33} FEHFS 75 mLE
Zdstglon, FEd 7 g2 B33 215 oA F3F
=g SAslh 7 REEEL TR & ACE A&
35 5433tk ACE Asl&A o] 71 =2 3 &2 HPLC
o] YMC C18 column (5 ym, & 10 x 250 mm)S Al-&-3}¢
ACE A3 e =& &g A8H3 ). HPLCOA A &8 42 o]
FAo ®7 ZF59} acetonitrileE AMEEG oM, AN T
TFHiH o E 507 <t 2.0 mL/ming] F&0 8 BIE Y
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fl

flo

< 215 mmollA] 3=

ZF& g3t ACE As|lEdde
P 22 dE82 5U3 column o2 A #-2]
(e}

]
AN T, 9%
ACEA| 8l &-7d o]
sol wal 3
ACE A8 BEl=e] opvlneit A 4]

ACE A& HE =9 A liquid chromatography-
massspectrometry (LC-MS)E ©]-83}¢] electrospray ionization
EShPEOoR Z4sgth £ opvwit AP wAe
Q-TOF 2 Mass Spectrometer (Micromass, Manchester, UK)E
o]-&3}o] Mass Spectrometryoﬂ o]&te] A A]E T}
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of 49 714 &84S 54319 21, Lineweaver-Burk

ool HAL ofu|Ait 2AHE VAT Ay, 8 oy
=22 glycine (19.62%), alanine (9.45%) 2 aspartic acid
(8.48%) = L}EF O™, taurine®] 7P| 2.89% 0. LIERS
t} (Table 1). Taurine> A F &5 2 3F AFGollA &3
Ed= gy o855 2™ (Janeke et al., 2003), Cho et
al. (2000) AAollA o] TS taurinee] ZAY|=
1601%2 F& B]&S 2t Q& Zo2 B & A
Azt vl ek o, Cho et al. (2000) 79 Ao &5
W9l taurine H] ol 2] HA9] taurine Z/JH|7F GEAl LE}
wow, o] eAolES I AL ofw| gt 24 HEel A}

ol7F At

Table 1. Optimum hydrolysis conditions of squid skin
hydrolysates obtained by various enzymes

Optimum conditions

Enzyme Buffer .
pH  Temperature (C)
Alcalase 50 mM S.P* 7.0 50
a-Chymotrypsin 50 mM S.P 7.0 37
Neutrase 50 mM S.P 7.0 50
Trypsin 50 mM S.P 7.0 37
Papain 50 mM S.P 7.0 37
Pepsin 20 mM G.H* 2.0 37
Trypsin 50 mM S.P 7.0 37

S.P*; 50 mM Sodium phosphate buffer.
G.H*; 20 mM Glycine-HCI buffer.

=<}
7} B35tk Giménez et al. (2009)8] Gto] w2, @
AAZEEH F249 Fg9 F2 ol ike glycine,
alanine, arginine ¥ imino acids¢! proline®} hydroproline 2. =
BaE 3 ok Ee FEale ool Aol v EA)3)
W, olE9 £ A olr] Ak glycine, leucine 2 proline©]
t} (Cho et al., 2004) A o & olF 2 LHF HAY
oAt 2L 50 59 ofv|wAat Al H]Eke]
glycine, leucine % proline o] Fotu <4HA Ut
(Gomez-Guillen et al., 2002). & A7 Aol A= F-& w2
Q FHAY T8 T4 ofr] =4kl glycine 2 leucine®] T}EF
Xty o] Q912™, proline ¥ hydroproline?] W]-&% Xl
Gomez-Guillen et al. (2002) ATF+A 32} A8t}

i
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Table 2. The amino acid composition of squid skin

Amino acids Contents (%)
Tau 2.89
Asp 8.48
Thr 4.43
Ser 4.78
Glu 8.51
Gly 19.62
Ala 9.45
Val 4.25
Cys 0.81
Met 2.40
lle 3.50
Leu 6.87
Tyr 2.21
Phe 3.28
Trp 2.21
Lys 6.26
His 1.92
Asn 0.12
Arg 6.40
Pro 0.32
Hypro 1.29
Total 100
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Fig. 1. Degree of hydrolysis of squid skin by various
commercial enzymes.
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Fig. 2. ACE inhibitory activity of squid skin hydrolysate obtained
by various commercial enzymes as ICsy vaule (mg/mL).
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24 %L‘ElE iXHE ASFAT} (Je et al.,, 2007). ©]
2, e A We-g Eako] AelRy Y=o
g A7} 1:}001:0}71] HaE 5 vk A AR Q] tuna
frame (Lee et al., 2010) 2 algae waste (I-Chuan et al., 2009)—0—
pepsin ©]-&3to] A xH ThpEEallEe] FaudgAel ¢
skleh 7hEalol o83 = &4 Foll pepsine HE = LHOH
*] phenylalanine & tyrosine¥} -2 WS oluli=ito] Q)=
S Ausi, Nk 91X]¢F leucine 2 prolineS A s}
‘l' valine, alanine, glycine®} 72 o}n|=Ato] 9l Fite
64 Eoh= 7t A olth (Berstad, 1970). o] 23k
e = pepsinell olste] Aitkd Zhpiele2 ol
L Sl ofbiedtell A Sol Al A S A HH, of
H At Ao whet ks el gd Zhs Ao Halsa
At} (Je et al., 2007).

ACE A3l e =9 &2 4gA)

ACE A&&/do] 71 -5 pepsin 7} i3 & =5 E
ACE A3 AE =2 A7) 8l size exclusion 573 S
7+ Sephadex G-25 columnZE ©]-&3}le] & A A| A= Fig.
3 (Al YERSITE &8lE 7t s sEAAxT T I
43 sto] ACE A& 54 23+ (Fig. 3 B)°ll ek
WAt} Sephadex G-25 columnolA ®EH 6719 &
(F1~F6) & F4 &3] ACE A3i&4de] 71§ $-313ith. F4
FEL ODS columng AE-3Fo] HPLCO A #&] A A ),
21 A3E Fig. 4 (Aol YERH AT HPLCAA &89 7t
TEEY] F3EE SAHS A9 9 (A~DS] FRoE e
ok E22E 4 RS FEAES & ACE AdAEAHS
=45t oM, F& €9 ICy o) 1.30 mgmLE ohE &3}
v ko] 7hd ] YEFSETH (Fig. 4 (B)). ACE A s &4 o]
7V & g3 CE HPLCOA] A 8] A A =] At} Miyoshi
et al. (1991)2] R arol] w2 ACE A& ME]=9] Ccogto]
/k/\/d o].u]l—}\} =i l:ﬂ-b‘]: o].U]L}\].o] }_ZH%L Lq] 71—?:':1’8\_}
ACE A& &4 & UrEME}“ a7k Q17w A5 o
eake] FHo 59149l 280 nmell A 7+ Eie] FHEE SH

33l om, Fig 5ol A ¢} o] c49] T3S
AE C-49] ICs FHS 022 mgmLE YEFETE Do et al. (2006)
2 o g M= Fudsl A Aol B 59 Fe
ACE A& FAAE] 1Cs) ZhE 0.16 mg/mLo| ™, &<
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Fig. 3. Sephadex G-25 gel filtration chromatogram of
hydrolysates prepared with peptic hydrolysate (A). Separation
was performed with 1.5 mL/min and collected at a fraction
volume of 7.5 mL. The fractions isolated by Sephadex G-25
Gel column were separated (F1~F6) and ACE inhibitory
activity determined as upper panel (B).
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Fig. 4. HPLC chromatogram of potent ACE inhibitory F4 isolated
from Sephadex G-25 (A). Separation was performed with linear
gradient of acetonitrile from 0% to 40% for 50 min at a flow
rate of 2.0 mL/min and YMC C;s ODS column (5 pm, 10
x 250 mm). Elution was monitored at 215 nm. (B) The fractions
showing ACE inhibitory activity were designated A~I and ICs
(mg/mL) were determined as the upper panel.

frelel ACE A3 &A% 9] ICso2 0.15 mg/mLE K313}
2™, Suh et al. (1998)2] Ao A= 2o & 7}E 3|
E frefle] ACE As) WE =9] ICs #t°l 0.6 mg/mL= K3l
akolth ol 2ol HA el ACE A3 HEI =9 ICyx
2 022 mgmLE XA A7 FAHEE ACE A& S
HER ATt

2 A7l A ACE A HE|=9] 242 pepsin 7Fri
of Hlste] L] gA TAERE F7181% 21 (Table 3)
AR c4 g5 ACE A3 pepsin 71
o vlate] 26,68 S7FakqiTh el A G Aol wE A
el 7k A BAle] EEelA fElotr] it 1
Eol AAH7] wjiolt}

ACE A3 HH =] olr At A g g8l Exb=F
HPLCO A &4 A41€ C4 &9 FAaF R ofr it A
4o B3 A}, BAES 657 Da o] o, ofu] it Y
< Ser-Ala-Gly-Ser-Leu-Val-Pro2] 7702] ojn] Al 27| =2
dE o] AATE (Fig 6). HF 2] 8AH ACE A3l PE| =29
ICso%kZ 7662 IMZ UHEFSTE o] /o] FA4t E25E 284
AE ACE A3 FE|=E AHH ™, tuna frame (Lee et al.,
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Fig. 5. The reverse-phase HPLC pattern of active fraction
C on a Cys column (particle size, 5 mm; 4.6 x 250 mm)
eluted at a flow rate of 0.5 mL/min.

Table 3. Purification of inhibitors of ACE from squid skin

Fraction Step Ic(::fq;/nitj)e Purflgf?'on
Pepsin hydrolysate Hydrolysis 5.84 1.00
F4 Sephadex G-25 2.49 2.34
C C1g ODS column 1.30 4.49
C-4 C1s ODS column 0.22 26.54

*Relative value of reciprocal of ACE inhibitory activity by
1Cso value.
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m Mass reconstruction of + TOF Product (711.3): 0.134 to 1.150 min from Sample 1 (711) of 10ms138_1-5.wiff
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Fig. 6. Identification of molecular mass and amino acid sequence of the purified peptide from squid skin peptic hydrolysate
by HPLC. MS/MS experiments were performed on a Q-TOF tandem mass spectrometer equipped with a nano-ESI source.

2010)<  Gly-Asp-Leu-Gly-Lys-Thr-Thr-Thr-Val-Ser-Asn-Trp-
Ser-Pro-Pro-Lys-Try-Lys-Asp-Thr-Pro2] 217§¢] o}mji-Alo &
TFAE O] AR AL, cuttlefish (Balti et al., 2010)= Val-Tyr-Ala-
Pro, Val-lle-Ile-Phe 2 Met-Ala-Trp= WE}%TE Tuna frame
2 cuttlefish 212 ACE A3 FE|=9] o]t A dof A
FTEHo = et YA A proline ¥ phenylalanine©] =43}
o™, proline ¥ phenylalanine®] &A= FE]=2] ACE
Aol =4 vdeEhtE AS & ATh # A7 4A7e}
HIE S o, o] AElA EelE ACE A a3l FE =
ol =4k Aol %= CEEel proline®] A3} T
A E o]9fol] SAAWENME ACE A&l HEH=S #g
Aol ek vhFet AF7F RaEa glon, S SR
free] gt WE = (Oh et al, 2003) 2 AT Az}e}
FAFSE ofmAt A E<Q0 Ser-Pro-Pro-Pro-Phe-Tyr-Leu %
Ser-GIn-Pro-ProC. & o] Fo]x 9= Ao 2 wa At HusE
ACE A3 FE|=e9] olu| il A A3 Halgls off, & A7
oA E& ¥ ACE A3 HME|=o X% serine 2 proline®] Z©]
Z3tEo] QI Yoshiyuki et al. (1994)2] B rol] wp=w
ACE A3 #FE == prolines o] ¥£3tstx Juks= A
A5} Kim et al. (1996)0] 2]&d, &4 7ME &9
ACE Ad| &2 7tgol} gl 93t ohuld 7523 A|
AR E = A HE =] Aoy 732 9 FA ofn] 1Ak
THY MgeA 5 5FHQA 2l al veldtia Bas)
St AdUEE O F tri-, tetra- PE| =SS AT FoJAl AU
Aepaaiel etel RaEol A, Aol Holh
27l A 23tEicka 2edA A} (Cushman et al, 1979).
aeja Ae@do] FAT HE = FollA AR HE =
7 Aol F-2h8-¢] 3ol Hof bdstrtE Halrk

A17e] @M Aol i, tetra HE 0] A GFo] -
A, aene o o] A Pel A ACE Aal HEl=
= ARAo| ], Cuhol prolined 71A %L Yorw Alze
% A el Sstel 154 AE 2R o] 87
$40] ¥& Ao AR

3T 2 AN—
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Fig. 7. Lineweaver-Burk plots of ACE inhibition by the
purified peptide from squid skin.

ACE A3l e =9 Aafaed

ACE Al e =9 A sed2 v]EAH A3 (non-
competitive inhibition) = YEFET} (Fig. 7). 1A A4 A=
AN AL 7182 Aol §lo] aae] EAF$7} obd thE
Tl Afste] a40] 22 725 M FNoEZAN 548
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ox
)
2

AE a7 AP E 2t} (Teipel and Hill, 1968).
Tuna frame (Lee et al., 2010) 2 cuttlefish (Balti et al., 2010)
Fele] ACE Adl e =& 2o AA2REH HaAAH
ACE A&l e =9t SdstA v 4 Asfalels Hehld
o} gukx o 2 ACE A8 ME|=+= o} A ligand, hydrogen
A% g cgdte] opniih aFI 22 oy fe] HEH9E
7FA1aL 1Yt (Andrews, Carson, Caselli, Spark and Woods,
1985). 2 4°1 A2 ¥ ACE Ad] HE| =& BiE ACE
Aal WEI=7F 7HA AL Qi o)At A e] el A A
g ACE Asl &4s dehdle ofrwikdd
phenylalanine, proline % proline®] <43} t}. Cheung et al.
(1980)8] <d7o wed, cgd |EAE
phenylalanine, prolineS, N4 & #H7]| 2+ valine™} isoleucine S
7= di-WE =7 352 ACE A 84S 7hdth cgdol

=

tyrosine,

tyrosine,

F A8} tyrosine, phenylalanine, proline 2 A4 o] Ak
723k ACE A &S Y=, 7L o] fi= ACEol EA13t
£ 3709 a4AgAR S1, 1 2 s20 A EA sl
uj o]t} (Pihlanto, 2000). - A+ Ao, 2o HAZR
B 22448 ACE A& FE| == cdetol prolines 7HA i
o] ACE Aal&4S vehll= BlozA] gadeA 2 7%
g AFEAAZ o] 8ol ES Aol VAT
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