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Characteristics of Angiotensin Converting Enzyme Inhibitory
Peptides from Salt-fermented Squid Liver Sauce
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Abstract

In order to utilize squid liver by-products, which is normally discarded as industrial waste in the process
of squid manufacturing, salt-fermented squid liver sauce was prepared experimentally and also tested for
inhibitory activity against angiotensin converting enzyme (ACE). ACE inhibitory activity of squid liver sauce
was increased with the elapse of fermentation days until 12 months, followed by a constant level of inhibitory
activity thereafter. 15-month-old sauce (IC5=29.66 png) was filtered through PM-10 membrane (M.W. cut-off
10,000 Da) to obtain the peptides fractions with ACE inhibition activity. Filtered fractions were applied to a
Bio-gel P-2 column and three active fractions (A, B and C) were collected. Among them, fraction B applied
to a SuperQ-Toyopearl 650S column chromatography lead to the isolation of active B-1 fraction. It has the
ACE inhibitory activity (IC50=5.46 pg). The main composition of its amino acids is lysine, glycine and proline,

which cover about 85% of the total amino acids.
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AFof] AFE3 2 o] 7HE 2008 9¥ HAHUE FEA F
EA Zaol A o8 A 2 Ao (Todarodes pacificus)s F5-
A ol AH TPt Aoz AR ofo| vk
o} 218k AHIE Rkete] A AME3IAH E7] d9 2

HEe] ACE AA &4 9 714 (hippuryl-histidyl-leucine)-&
Sigma-AldrichAHSt. Louis, MO, USA)o| A 4 3le] AFg

ZI0] 7+ HAe| M=

2o E A& AW HE 3%(w/w)e dIFoz A
gk Aol 33] 3 Ao FAS HHESE 3 2°C o] 3t A
A2 (4,000% g, 30 min)3te] A ASE AASA A=A
o] AA" 23] 7+ 20 kgoll thate] 25%(w/w)e] HIFS
7vstal zZ E3tste] 20 L &% A% &71(2 xH, 205
cmx 375 cm)ol] Fo} 15~20°Ce] A oA HEZ Q) Wy
o2 &4 UIERH 15Yl 2~334 ¢, ol =2 3 AAF
HA 18ME T sA4AH. 4 27/1E€5RH 1~-371€ 2
Aoz Nale YAs AR (4,000% g, 30 min)staL 7k
o3 7} (buchner funnel @110 mm; pore size 1 pym) 3k -20°C
olgte] FAI HBEHUA ARE AME3IAT

Qo] 7he] YNk E-S AOAC W (25)°l F3ho] &
o= |

A 105°C 4g71E dxW, =9 d2 semi-micro
Kjeldahl¥, ZA|82 SoxhletF&Y, 23] &2 550°Coll A

ACE XMalls
ACE Adl5< Lee 5(26)2 Wi¥loz =431tk 15 ul
o] NE &M ACE A EA(60 mU/mL) 50 uLE 7}H3 3,

37°Coll A 5% -7F preincubation] Z th. & 7]9l borate buffer
(pH 8.3, 400 mM NaCl &)= £33 5 mM hippuryl-
histidyl-leucine 71& 125 uLE 7}sta 37°Col A 30%3t
incubation 2171 ¥, 10% trifluoroacetic acid(TFA) 20 nL=
7hste] W88 AAAZ . o] ¥HE £ 20 uLE Zorbax
300SB Cg column(4.6 x 150 mm, Agilent Tech. Inc., Santa
Clara, CA, USA)o| &&= 924 HPLC(Thermo Separation
Products Inc., San Jose, CA, USA)ol| F3to] B3t
X Al 8555 E 1 ml/min, o] 5322 E 0.1%9 TFA
£ 373} acetonitrile linear gradient(0~63%)3}s 712
ZRE F8 % hippuric acidZ 228 nmoll A 7HA&3l, A8
HA7F Ao FE &g WESEN ACE A3leS e
ATh

Gel chromatographyol| 2|8t £2|

HAG 39 o] 2H(PM-10, Amicon Co., Beverly, MA,
USA)E AH83ke] 23 10,000 Da ©]3le] AEAEAS
3438t 9415 = (CVE-100D, Eyela Co., Tokyo, Japan)
3l A& gel chromatography Al &0 2 A3}

Bio-gel P-2(Bio-Rad Lab., Hercules, CA, USA)S 3
gk column(2.2x 80 cm)S AHE-3t] A5 2 mLE ol
F24 8Z(MP-3N, Eyela Co.; #4 21 mL/hr, ¥ 3%
5.25 mL/tube) A H oW E& g 7t & 4L 280 nmoll A F

BT E =A3t chromatograms 24 sk ch.

lon exchange chromatography0l| 2|st 22|
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650S(Tosoh Co., Ltd., Tokyo, Japan) column(16x 650 mm)
o FYsta FFAIZ e "ol E &E3ta thA] NaCl
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Aot
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Table 1. The proximate composition of squid liver

(g/100 g)
Moisture Crude protein Crude lipid Ash
64.0+0.3" 159+0.4 (442" 17.44+0.3(48.3) 1.4%0.1(3.9)

YEach value presents the mean=+SD of triplicate determinations.
?The numbers in the parenthesis are dry weight basis.
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&4 713te] @& ACE As| &3} (Table 2)& AA& &
2N A | ICs Fkel 67.56 pngolAem sAdo] X w
o} 1N 7HA] A8 A7t FHaage] §lo] $hehe] FUHE
a1, 12, 15 2 1871 €Al = ICs kel 2H2 30.46, 29.66 2
2812 ngo 2 A9 dAz ANaHE e
o8k 2o 7k AR &HAdo W2 ACE Adaze
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73 9] peptide nitrogen ¥#F°] 1,135 mg/100 mLZ 3k
e At daFe] ZhaEE 12701€(1,111 mg/100
mL), 1570 (1,035 mg/100 mL) 2 187§¥ (908 mg/100 mL)
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Table 2. Changes of the peptide-nitrogen and the ACE in-
hibitory activity of salt-fermented squid liver sauce during
fermentation

Fermentation Peptide—nitrogen 1Cs0
(month) (mg/100 mL) (ng protein)
2 1,008+ 397 67.56
3 1,043+ 14 58.42
4 1,073+22" 52.66
5 1,096+32% 63.41
6 1,115+29™ 46.36
3 1,135+ 24 41.34
10 1,134+ 10 38.07
12 1,111£33% 30.46
15 1,035+25% 29.66
18 908 +40° 28.12

‘] "Each value presents the mean=+SD of triplicate determinations.

Values with different superscript letters within a column are
significantly different at p<0.05 by Duncan’s multiple range
test.

of
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g 23S HEh T wEbA A 713 mE 93le] ACE
Aells 2ol A3 Sl A= 5E PG peptide®] ofv]=
2 24, ARl Fo] BAEE Ao Addth
0] Zh HZio| ACE Mol & &lEe| 24 X ol

ACE A3l peptides} #@Ast Buse B AFolA
E 2} peptideol] WIa] A EA} peptide”’} ACE A& & 3}7}
& Ao Z B31(10,30)F 2 o] 1571 LA 2] AA S mo-
lecular weight cut-off7} 10,000 Da ©]&}9] 3t o] vjut-g
=33 A 82} B35S Biogel P-2 columndll FY43te] 2
AZvEOHAE AASAT Y T, 74§87 230
mmel A9 FZ= 9 ACE A azs AESS 488
A(tube No 44, 45), B(tube No 54, 55) @ C(tube No 68, 69)=
st At (Fig. 1). 1€ 2 29 ACE A3 &7(ICs0)=
7}z 451 pg, 3.23 png 2 19.6 pgol R e-m (dH ol el v A A)),
°|E g% F ACE A3l 5% B gis A=
SuperQ-Toypearl 650S columns ©]-&3F S0l wg =22
fEOHIE gte] B GEOCZRE FHRT §F ER
B-1(tube No, 14, 15)= &8 3t A th(Fig. 2). o]} Zo] &
H &S8E A B-1 3 CY obv|=2t A4S Table 391 v}
RiFd=2

229 g% B-19 F2 o=k lysine(72.3%), gly-
cine(8.2%) % proline(4.8%) 2.2 o] & 3F7F 2] ofn|i=Alo]
AAopr=ike] oF 85%F AA|EFA L ACE A af &=
IC5=5.46 pgol At o]¢} #AS ] Guang} Phillips(31)&
ACE A3l peptide®] C¥&ol|l guanidine”] =+
E 7HA 3 Qo] $AFE Wi Y= arginine Z lysineS
ACE A Aol =A 7]oste Aew Busta Qo
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Fig. 1. Gel chromatogram on a Bio-gel P-2 column of salt-
fermented squid liver sauce filtered with PM-10 membrane.
Arrow lines were collected separately.
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Fig. 2. Ion chromatogram on a SuperQ-Toyopearl 650S col-

umn of the active fraction B eluted from Bio—gel P-2 column.
Arrow lines were collected separately.

Table 3. Amino acid composition of each active fractions
eluted from Bio-gel P-2 and SuperQ-Toyopearl 650S col-

umn (% to total amino acids)
Amino acids A B-1 C
Aspartic acid 19.1 2.1 0.5
Threonine 4.9 2.1 0.3
Serine 3.0 1.6 0.5
Glutamic acid 20.9 1.6 0.2
Glycine 135 8.2 1.2
Alanine 4.2 0.4 0.1
Valine 4.1 1.0 0.1
Cysteine 8.7 0.6 0.3
Methionine 0.5 0.3 0.1
Isoleucine 2.2 0.4 0.1
Leucine 29 0.4 0.1
Tyrosine 1.3 ND 0.1
Phenylalanine 1.0 0.1 0.2
Lysine 4.3 72.3 1.5
Histidine 2.9 2.2 329
Arginine 1.9 1.9 61.6
Proline 4.6 4.8 0.2

ND: not detected.

o olu]:=Akzk 7] ol = valine, isoleucine 2 leucine¥} 7
2/ obm|sto], Tl E arginine R lysined} 22 4
7178 opm=Ato], CEte] o} :=2b7]= proline 2
AHEAT T B3ttt 53] ol 4 peptide CETe] of
v = 2E47] Q1 proline ACE @4 5919k Aol w43
AEE ot Z¥3 ACE AfARZ A&gtka Balsiglo
w B A3 Ae] B-1 19 proline 32 4.8%= LE}
st

Cheung 5(33)& dipeptided] CZ ¢ @ N@t o}w| =4k
o] z719] JaFl st HESIA W o] dipeptide Sl
A lysine, glycine 2 prolineS 3 ACE A3l dipeptide
Z & Gly-Pro(IC5=450 uM), Gly-Lys(IC5=5400 uM), Gly—
Gly(IC5=7200 uM), Lys-Gly(IC5=3200 uM), Pro—-Gly(ICs=
17,000 pM)S R uslx o)

T3} Ichimura 5(13)2 ¥X] AR ZHE Ala-Pro(ICs=
29 uM), Gly-Pro(IC5=360 uM), Lys-Pro(IC5=22 uM) 5=

£23ta °]& F Lys-Pro¢] 483 ACE A3 axE YE
We Bu3sla Qo o9 FARSE Leu-Lys—Proe dE9
A dRAsls B BAE AFo R AEs FHo o uf

2t ACE As&Ao] 48 B-19 F8 ofr=ikdl
lysine, glycine, & prolinec] ACE Aj&A = AA 7} AL
Ao" FAET

A EE 9] A= AAdolr| =2kl gluatamic acid(20.9
9%), aspartic acid(19.1%)¢} glycine(13.5%)°] A A o}m] =
2ol oF 50% o]ds AAER o™ olE €9 cysteino]
8.7%, valine, leucine ¥ isoleucine®] °F 9% =& E}lstT}. o]
£ Zd7e} B3t Yeum 5(34)2 B3a 29} bromelain
o 93k ACE As|&de 2t 1159 9l 7l Ee
glutamic acid, aspartic acid, lysine, alanine, valine %
leucine 5°] Aoz Be Ao 2 Hudled B A3
A g oprslt AT A fAFEHA T

C &9 F2 olu:=2k2 histidine(32.9%)3} arginine
(61.7%) 0.2 o5 F T/ A7 ofv|i=ito] A ofv]
=4he] 946%F AR 1 €9 ofn|ieihe 54%9
Bt I A EAGL 1C0=196 pgo= & A 2 B-1
o] Blsle] 2ok} Lee 5(35)2 rotifer(Brachionus caly-
ciflonus)®] & JVFERESIEZRE ACE A3 peptide$!
Ala-GIn-Gly-Glu-Arg-His-ArgS £83l31 2 As|&A
<& 1C50=40.01 pg/mLE H 3T} o9 #dAste C &
9] 9 o}n|:=2kl histidine®} arginine®] &#H17} oF 2:1
e w3 B u C Y& Fol &A= peptidex Lee 5
(35)°] R.i13}F peptide CHH9] tripeptide(-Arg-His—Arg)
i 7} AL peptide® ol S€ ok 3 Shin 5(36)2 97
oz RE As|EAe] 43 His-His-LeulCs=2.22 ng/
mL)S 83l & A4S ACE 71221 angiotensin
I9] CE e 7] (-His-Lew&Fe] Al 7191 A= F
A3t YTt o] Yo = angiotensin 1¢] CE ¢ &7 (-His-
Lew) 9} FAF8E A3l peptide®+ His—His—Thr(IC5=800 uM),
Gly-Val-His-His-Ala(IC5=71.8 uM) 5] ®i1% o] Jth
(37,38).

Andrews 5(39)3% Hernandez-Ledesma 5(40)2 ACE
AN EHE 7FA = peptidedl] A CEHY tripeptide 7+
717} BA A Aaf&Alo F83 A4S 341, tripeptide=
T/8%9 ACE A3l peptide®] 7%, C2&e] 7= tryp-

valine, leucine, isoleucine®} Z-2 7FX|E@ o}v|=}F &
244 ofm|i=sto] ACE A3&Add vS
A ofm)ieike] B9 kg ARG S YEE Ao
(31,41)3F3L UtTh.

w2t C i Fe A3 (IC5=19.6 pug)d obv=
2 2S5 13- E u C FEo| EA)3}= peptide= F2

[e5

1}-3) E AFAolrealo] Hon F=E histidine®
arginine®. 2 FAEo S Ao =F o=}
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