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Characteristics of Aminopeptidase Retentate Fraction from the Common
Squid Todarodes pacificus Hepatopancreas Obtained by Ultrafiltration,
and Its Lowering the Bitterness
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This study investigated some enzymatic properties and bitterness improvement of an aminopeptidase retentate frac-
tion (ARF) from common squid Todarodes pacificus hepatopancreas extract (HPE), obtained by ultrafiltration with
a 10 kDa molecular weight cut off membrane. Endoprotease and aminopeptidase (AP) activity, and the purity of the
ARF (>10 kDa) increased by 6.69-18.11 U/mg and 1.5-2.6 fold, respectively, compared to HPE (2.63-9.37 U/mg).
The AP activity toward LeuPNA was stable at 20-55°C and pH 5-9, but decreased slightly with increasing concen-
tration of NaCl in the reaction mixture. The ARF was the most active MetPNA and preferentially hydrolyzed Glu,
Leu and AlaPNA. The bitterness tryptic casein hydrolysates (BTCHs) were treated with ARF, and the bitterness of
ARF-BTCHs significantly decreased with increasing amounts of released amino acids Ala, Val, Met, Ile and Leu,
which show strong correlations with bitterness. Therefore, the ARF of T. pacificus HPE obtained by ultrafiltration
may have a considerable potential for application in protein hydrolysis and appears to be ideally suited to the purpose
of lowing bitterness in protein hydrolysates.
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= 02 Sl 22T AnE 7}11 ‘01 HEEPE% = 7% xkgq AR Feate s =Y glo] w7
ZAF Ao thKim et al., 1997). @A o] 2] 8 7}AlFQl 15 2 o7 H= 3174 098 Zo|HA|, TEI7FR] Q) Bg HRorke
< A, 7HFAREEA I, S84, A, A, A sLojoF SHEH(Ono et al., 2004; Kim et al., 2012a). 3HH, ¢
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As=2] 7 (hepatopancreas, HP)oll&= A A5-2] 14-21%
E AR5}k, o] Fofl 14-17%7} Tha A o] (Sugiyama et al.,
1989; Kim et al., 2012a), 743t thi 2235 248 Yel=
choFsl @47 EZskal Qlth(Raksakulthai and Haard, 1999;
Ezquerra-Brauer et al., 2002; Kim et al., 2012a). THl 2 23]
TAE A, 0F, A= 9 otk 50 AHEEA] hEn
A2 A de] o] 851 Qth(Kim et al., 1999; Raksakulthai and
Haard, 2001). T3+ A]35 el 2 2] o tfgh whal 2 ol 3 4- 9] o]
&2 Tl o] shebA|, oFetA gl 7]5A <l
Ao defA] glo], 24 of THAE ol et
£ ST AT FEAVHE = 8len, o5 240 1t
A7 e mao) EAl el A E k= A T3k 525 tH(Kim
et al., 2012a).

WA ] AFolA, AAF HP FEE=E chf ol §3f
%, 314, Bxlegato]of w2 B3-S E5) YojA endoprotease
9 exopeptidase &#-2] £33 & 7KKim et al., 2008a, 2008b;
Kim et al., 2012b)¢} o] & EE52] 9t 714 @ 3K(Kim et al.,
2014a; 2014b)°] thsf Hargt vf Qle}. o]& Halof A, chad
S0l 7123t f718H, ETjolddZelE 9 AR5 ARESH
34 A Y7 7ot v A 93t EEl a s U
Ehfiglon, HEFR oY ol by IekEde AlA s
of st= ¥7go] askqltt. 3, A=ntE Teulof o5k &
2 gl eatolof ot RERH HTh o3t R A ES
Uet gl o, 344 A 2] 9 A&A 27 o g, A=n}
Eaeu] FA7F Faste] FA|Ao|A] F3t o] ©hilo| itk
(Kim et al., 2008a; 2008b; Kim et al., 2012a; 2012b).

3helo 3} F-A (ultrafiltration, UF)2 A Z2rtE 121] 2 7]
FE -2 3ol vlske] tigF B ALA 2] 7} gol gt AR o]
U Bk op e}l HFAREO] o= W AT of] SlotA] A A
Q1 " oth(Li et al., 2006). ©]=gF UF 3782 2] lyso-
zyme (Ghosh et al., 2000), surimi <=A| 2 o] Thal A E 5| § A
(Dewitt and Morrissey, 2002), 74} 2 -3 0] 2 ol 2]
(Zwijnenberg et al., 2002), o] FHA-2] T A E5)] 5 40} 7=
& (Gildberg, 1992) 121 & dol o] FA ek A (Torres
etal., 2002)7} 2+ Tl Ze) 9l 2elof Je] o] g¥ L gl

Vet el TR Re 2 QI ke gR 9 I E A}
22 A7 =] o8 W AlE ol qlojA Aloka
o]0 2 HE T QItk(Cho et al., 2004; Kim et al., 1999; Kim
et al.,, 2005). T 7hpiallEo] 29k T ALY A A5
7] $13t =32 57]-8-1fj(Lalasidis and Sjoberg, 1978), 2243
k8- 3 2n}E 12 9] (Bumberger and Belitz, 1993) &= 2H4
EH(Carr et al., 1956)2 ©|-§-3t A =7} Itk T 73]
o] 29re Heho| E0] Al W Belo] 9] uo
(Clegg and Lim, 1974), endoprotease®} exopeptidase2] # 2]
2 5ol £ Welo| 28 TR0 2N HE o] g3te]
29 TASEAU Al 7] 2l ol 2] Al Q1 tH(Umetsu

et al., 1983, 1988; Minagawa et al., 1989; Izawa et al., 1997,
Saha and Hayashi, 2001; Kim et al., 2014a, 2014b). ©]4}2] A
TR wEH, @A o] 7HA o= theke] aminopeptidases
7hEaskar glom, o] Ao 2UiA ATt Al e R
LHERE T

wheba], @A o] 7 ARGl 7o = R E ghefoiu vk
o] &-510] A4 0] 1 A8 9] aminopeptidase EH- ¢17] 9
ot 832 73} o] 27| dofH aminopeptidase UF &9 f4
2 574 9 &ut /i aatol| ohgk Bkt E a5k

o] AL A O AOY(T. pacificus)2] 7HA FEE22E 10
kDa gte]oj 3} 1l-S- o]-8-51o] E-213} aminopeptidase retentate
fraction (ARF)2] &424 EAJT} tryptic casein 7[5 E2)
29t 74 a ato] tsto] g 7tskala) gict.

Iz H A

M=

Asof| ALg-ot FUAF AF @ A of(common squid Todarodes
pacificicus; length, 53.7 4+ 6.8 cm; weight, 411.5 £28.5 g) he-
patopancreas (HP; length, 18.5+4.5 cm; weight, 86.8 £ 5.8 g)
L BAOIA] 249 SIAleIA] S AAE R Ropibor, s
FH(-70°C) & Hksto] 7L Ay ol Ag-5H3iTt.

Alet

20t casein 7Sl &S] ZAIE YSt trypsin (EC3.4.21.4;
porcine pancreas)?} GAEA =48 7]ZAE A azocasein,
casein, | -leucine-p-nitroanilide (LeuPNA), | -arginine-p-
nitroanilide (ArgPNA), | -lysine-p-nitroanilide (LysPNA), |-
proline-p-nitroanilide (ProPNA), | -methionine-p-nitroanilide
(MetPNA), | -phenylalanine-p-nitroanilide (PhePNA), | -glu-
tamic acid-p-nitroanilide (GIuPNA), | -valine-p-nitroanilide
(ValPNA), | -alanine-p-nitroanilide (AlaPNA) %! | -glycine-p-
nitroanilide (GlyPNA), 12|31 28F 2&E2 2 A] glycylphe-
nylalanine (Gly-phe) 5= Sigma-Aldrich Co. (St. Louis, MO,
USA) Als= F+UskAaL, 718F AloFS #4502 F-ste
AF&3H9IEE. T, UF system?] 4.2 2318 9]0t u(10
kDa molecular weight cut off pellicon XL filter (50 cm?
PLCGC 10K regenerated cellulose, Milipore Co., Billerica,
MA, USA)S 143t peristaltic pump (RP-2100 EYELA, Ri-
kakikai Co., LTD., Tokyo, Japan)& <-4 3}o] A8-3} %1t}
ZHIE 2&&E(hepatopancreas extract, HPE)2| MZ

AF @ A O{(T. pacificicus) HPE+= Kim et al. (2014b) 2] o]
w2t Al2stATh =, Y H e ARE FEsls W vkt

<, TR HP (600 g)ofl thsto] 3ulifi(viw)e] & ol 25
7}te] ++A 7] (Polytron PT 1200E, Kinematica AG, Lucerne,
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Switzerland) #3} % THH20°C, 6 h) 5}o] 2 8}3ict. o]
o4 HPEO| disf 0.28(v/v)e] o2ollH=ZE 7toto] 29
FE 5ol 33 WhEske] 2R v, ¥4li2](Supra 22K,
Hanil Science Co., Daejeon, Korea; 12,000 g, 20 min)alo] &
o7l JZ NS BAgH A 9 Yo HPER A 48] 3 ultrafil-
tration (UF) system=- ©|-8-3F £31-8- A| 22 A8-5}$iT

Bitterness tryptic casein hydrolysates (BTCHs)2]
M=

4] o152k UF system- ©]-8-5to] HPEZ 8 &2 3t ARF
fraction®] =5t 7IA AVE A E7] fIsto] 7]H= ARG
BTCH®| 4= Nishiwaki et al. (2002)2] HH-2- tha =43
Kim et al. (2014b)2] 5Fi o] whe} Al z3kch 2, 0.2% (wiv)
trypsind} 2% (w/v) casein®| €3[%o] Q1= 0.1 M sodium
phosphate buffer (pH 7.5)& 1/6,000 (5.4/7]2H])9] H] &=
AN S5l 2 A5k RESAIZI(50°C, 8 h) o, B4 &
23HE 918l 80°CollA] 2027t 7HE A 25ttt o] & YilE
2Jto] @& A ELe B ALE F30) 2% (i) Gly-phe 25t
a2 2

chil 2]l == Lowry et al. (1951)2] v]AE o] w}2} bovine
serum albuming 3= T AR Sho] 41 Hfal o 2HE
S5kt
Endoprotease ¥ aminopeptidase &4

Endoprotease®] 242 azocasein 7|42 ARE-310] Kim et
al. (20082)%] WM& thax 27 sto] S48 =, 20 ulo
a4 8ol 2 mLe] 1% (w/v) azocasein 7| 2 o] L3l =] o] Q&=
0.1 M sodium phosphate buffer (pH 7.0)E &35} ¥ #H-3-(50°C,
1 h) A]7]aL, o] Bk-g-9fof] & (2 mL)2| 5% (w/v) trichloroace-
tic acid (TCA) &= 7Fsto] A& AlZ1 &, A2 (30 min) 3
414221(1,460 g, 20 min) 3t o2, S H O] SF =5 SH
410 nm)ste] A =shaic

Aminopeptidase®] /42 LeuPNAL] 9%9] N-terminal
blocked p-nitroanilide 7] 2 AME-5}0] Kim et al. (2008b)2]
"ol whet 24 skgich 2, 20 uLo] &4 887} 1 mLo] 0.2
mM 7]&o] g3]% o] 2= 0.1 M sodium phosphate buffer
(pH7.5y5 &3 % RES(50°C, 1 h) Al b, 1k &9o] 0.3
mL2] 33% (v/v) acetic acid& 7|5} A A)71 &, A %](30
min) @ YA (1,460 g 20 min)e T FHEE St
% 410 nm)sto] E3}tE. ©]& endoprotease H aminopep-
tidase®] 2/ 1 mgo] A (Th )7} 1AI7E 53t HSHA] 7]
= 39 0.1 digitS 1 Umgo & LFEhygle).

HPEZEE| aminopeptidase retentate fraction
(ARF)Q| 23]

CuY - H9A - Hus

A @ %Jo] HPEZ ¥ ARF+ 10 kDa molecular weight cut
off MWCO) 3+e]odx} 2(Pellicon XL filter, PLCGC 10K
regenerated cellulose, Milipore Co., Billerica, MA, USA)S
23t peristaltic pump (RP-2100 EYELA, Rikakikai Co.,
LTD., Tokyo, Japan)= <-*d ¥ UF system<] containero]] 2 L2]
HPEE #3512, U= 10 bar W A< 20 barZ pump
o] o}l S A A3t T}, 30-50 mL/min®] crossflow rate = 3t2)
o 1= Al A5G} o] I of| A ZHZF 400 mL 2] retentate frac-
tion (RF, >10 kDa) ¥ 1,550 mL<] permeate fraction (PF; <10
kDa)& 2]=3} 3t} o] UF fractions©] 2] .= Thifd 55
&=, A H R 71l iRk Aagh S £7d3to] total activ-
ity W 3224 A Esklc
ARFQ| otdd

4 @702 HPEZF-§ 39| oli}E 53l ¥o]%l ARF2| pH
oHYA HEES $1310.1 M citrate (pH 3.0-7.0), 0.1 M acetate (pH
4.0-5.0), 0.1 M sodium phosphate (pH 6.0-8.0), 0.1 M Tris-HCI
(pH 7.5-8.0), 0.1 M glycine-NaOH (pH 9.0-10.0), 0.1 M sodium
carbonate (pH 9.0-10.0), 0.025 M NaHCO,-NaOH (pH 10.0 %
0.025 M Na,HPO,-NaOH (pH 11.0) bufferi= Dawson et al.
(1986)2] o] uje} 2kt 7 z3ko] ARGt

ARFS] LeuPNA®| tfet £82H 0.2 245 pH g Al
20 uLo] ARF2} 50 uL 2] thokst pH buffer (pH 3-11)& A
Al 9-8(40°C, 30 minyE AAgE &, T12|al 2= A2 2
uL2] RFE 20-80°C2] £ ¥l 2 3057 A oA uk-g-& A Ajgt
& 717F 1 mL9) 0.5 mM LeuPNAZ &H53-51= 0.1 M sodium
phosphate buffer (pH 7.5)& 7|52, 94 29] aminopeptidase
4 ZAH(S0°C, 1 hyol mhe AXISHITh ARFS] pH
2o Wglof| mE QYA ARFE] &4 (100%)of| gt
relative activity (%)= YER ATt

& ARF9] LeuPNA®] £82H4o] 1314 NaCle] a-&
10-20 L& RFL} 1 mL2] 0.5 mM LeuPNA7} &-3-3H=0.1 M
sodium phosphate buffer (pH 7.5)°f] NaCl¢] |57} 0-4.5
Mo| =2 7k5o], 9h4 2] aminopeptidase 24 4P
(50°C, 1 hyo]l whe} Z45k3ith NaCls: 371sHA] ¢ control
o] g o]l tf 3t 7} NaCl = 243 relative activity (%)=
NaClojl t3h Mg /& HEsHIH
HPE % ARFQ| 7|& E0|Ad

AF @ Z1o] HPE 2 ARF2] N-terminal blocked $14d 7] 2l o] tff
R 7Aoo E A ET] 9150, 105-9] LeuPNA, ArgPNA,
LysPNA, ProPNA, MetPNA, PhePNA, GIuPNA, ValPNA,
AlaPNA 2 GlyPNA©]| that Baj g2 &4 2o 20 uLo} 1
mL2] 0.5 mM g4 714-& §H3-31+= 0.1 M sodium phosphate
buffer (pH 7.5)& &3t o}, ¢4 2] aminopeptidase 24 =
AR (50°C, 1 h)o]] w2} Z73}0], specific activity (U/mg)-2-
2 Ve 9ict o2 HPEQ] LeuPNA 2] &4 o] ti st relative

(==}
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activity (%) 2% UFEPH © 24 UF systemS E3F 53] & w}o]|
djs}ol = Abs w gley.

S|4t ARF 2 permeate fraction (PF)Q| ot
WM gt

ARF 9 PF| BTCHe| thgt &5t7l14 A ¥k= ARF- % PF-
BTCHE A|x8}, o5 7hiall= 9] ¥-53 AL HPLC pro-
file ¥ 2] ofn|ieAbe] £4L 5-5ho] Aw H k)

H#], ARF- 9 PF-BTCHY] A=+ a4 (ARF ¥ PF)Q} 7]
Z(TBCH)<] H]&-2 1/10-1/2,000 (¢ A gHfr] &) 02 &gt
5ko], 50°CellA 8, 16 9 2417152t WA ths, AANRS
ZA1(90°C, 20 min) H AA1E2](1,460 g, 20 min)3 ASHS
fd H7PHE 9 RS A|7bo] ThE ARF- 9 PF-BTCHE A1
stele

ARF- 9! PF-BTCHS] 2213to] tijgh #1537k 7912] panel (
SO E T ok 9 AF skt i) 19 Gly-phe &
2 golo] 291740} SARaHAAL 251 71 panele] 919)
T2 YERYSIT) E3F ARF- 2 PF-BTCHE] HPLC profileo]]
O3} peptide 4> 5C -AR column (i.d. 4.6 X250 mm, 5
um, Waters Co., Massachusetts, USA)= A2sH HPLC (L-
2000 Series System, Hitachi Co., Tokyo, Japan)E AM-31%1
o} HES-A17F ¥ ARF-BTCHsof| t)3fl 0.1% (v/v) trifluoroace-
tic acid (TFA)7} g5 acetonitrile 892 0] 54O 2 3}o]
linear gradient (0-45% D= =319t oy 52 0.7
mL/min, -&A7H 60 min, UV detector (L-2400, Hitachi
Co., Tokyo, Japan)2] TF-2 214 nmZ 3} Z} HH-g-A|17F =
7HrESl =2 4. peak area (%)2} HPLC (high performance
liquid chromatography) profile2] H3}o tjsto] HES|SI T}

ARF-BTCHs®] 2% ofu]lzAk(released amino acid) &
A A& %A= ARF-BTCHs (0, 8, 16 @ 24 h)] tial] k9

20% trichloroacetic acid (TCA)E 713l Aldadslar, YA &
£1(10,000 g 15 min)&F ch&, 413010l ko] ether 7hsl
o3l TCAS AAsH: 742 38] vhasholc ol A|x9)
2 mL (50 mg®] T 2)of] Z+zF 2 mLe| cone. HCI (12 N)y&
7}slo] W53t th2, heating block (HF21, Yamato, Japan)2-
2 7HRES(110°C, 24 h)gt 3, glass filter= o2 9 ZHebA =
3}al, o] & sodium citrate buffer (pH 2.2)= A-&35}0] 2|& &
Mg A2E A2kt ot Al 215547 (Biochrom 30,
Pharmacia Biotech, London, England)E 5-3l] ZF ARF-BTCH
o] 2] ofu| Al BABLT obu] At 24 (%, ¢/100 g of
protein) ¥ $FeK(mg/100 mL of BTCH) 2.2 YEFY| ¢l

SAXz

TE AYL 24 33 o]AF g A A5G 01, 4 (mean) 2t
HZHAK(standard deviation)&2 LEF Tt

M

——

U ;3

nl
ste|oft 2l2=(UFs)2l endoprotease &
aminopeptidase 82X

A @ Aof(Todarodes pacificicus) hepatopancreas extract
(HPE)2:.E] 319]od THHMWCO 10 kDa)©.2 £33} ami-
nopeptidase retentate fraction (ARF, >10 kDa fraction) 2
permeate fraction (PF, <10 kDa fraction)®] endoprotease
aminopeptidase2] E-| &A1} 3482 Table 13} 2} HA,
HPE®] & Tl 2 =H(27,660 mg)of| thsto] ghejofa 42 7
20 24 717 ARF (10,540 mg)= 38.1% ~12] 3l PF (13,780
mg)=49.8%= F8 %] Qltt. UFs (ARF ¥ PF)9] azocasein®]|
3t specific activitys= ARF7} 6.76 U/mg2. 2, PF2] 1.36 U/
mgo]| H|5}o] oF 50814 = 73515 2w, HPEQ] specific activ-

Table 1. Endoprotease and aminopeptidase activities of ARF and PE from the common squid Todarodes pacificicus HPE by the ultrafiltra-

tion toward azocasein, LeuPNA and ArgPNA as substrates

Substrate  Fraction' Tota(l n\2o|_l)ume (?rg/tﬁjﬂ) Total(agtivity Spe?ifji/cmeg;tivity Rec(:%ery F(:%[g))/
HPE 2,000 13.83 72,613 2.63 100.0 1.0
Azocasein  ARF 400 26.35 71,250 6.76 98.1 26
PF 1,550 8.89 18,755 1.36 25.8 0.5
HPE 2,000 13.83 269,044 9.73 100.0 1.0
LeuPNA ARF 400 26.35 190,880 18.11 71.0 1.9
PF 1,550 8.89 4,882 0.35 1.8 0.1
HPE 2,000 13.83 126,492 4.57 100.0 1.0
ArgPNA ARF 400 26.35 70,480 6.69 55.7 1.5
PF 1,550 8.89 8,525 0.62 6.7 0.1

'HPE, hepatopancreas extract; ARF, aminopeptidase retentate fraction, >10 kDa fraction; PF, permeate fraction, <10 kDa fraction filtrated
by the ultrafiltration membrane (MWCO 10 kDa)
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ity (2.63 Umg)ell Bl3tolw 2.69 A% o} ghejoiat Azl
of| ]2t endoprotease®] 2] A ¥}7} A4 = ¢lch A UFs9
HPE©| tgh % 3]4=8(%) ¥ total activity (U)= ARF7} 2z}
98.1% L 71,250 U=, PF2] 25.8% 4! 18,755 U] H|3}o] &
53] &2 4230tk oA endoprotease®] Ea| 2o Th
3t Atz n| o] Kol gke|ojut A 2] ARFoll= F2 4t &
=9] Yol F3£3}a1 Q)= trypsin, chymotrypsin 2! pepsin 7
AR 4 53 -8 A8k endoprotease (Heu and Ahn, 1999;
Bezerra et al., 2005; Li et al., 2006)7} &-3£5}31 Q) o &2} 4
=] %lc}. UFs9] LeuPNA®] gt specific activity, FA| = X 3]
4282 HPE©| ti5}o], ARFQ] 7% 7Fz} 18.11 U/mg, 1.9
9 71.0%°]% a1, PFE] 749 2+2F 0.35 U/mg, 0.048] 2 1.8%
o] {lct. 3L total activityr:= ARF7} 190,880 UZ PF (4,383
U)ol m]sto] ¢F 3914 F &= o}, ARFoll+= LeuPNAE 3
3k 4= Qli= aminopeptidase”} THF F3Eskal gloelzl =A% 9
t}. Leucine aminopeptidase (EC 3.4.11.1)+= exopeptidase=
A] peptide?] free a-amino group®l 213t peptide 232 7}
FEOlShs BaolH, Leu Z7]of Sold o g 2sHdo] o
U Leu #ubo] ofUje} Met 53 2:& 444 obvlieAt 217]
of thofiA e Hjwa] & 71 S 7Hrkal G A Sl
tH(Minagawa et al., 1989). Z12]1, Pan and Tanokura (2004)
+ Lactobacillus helveticus= €] % A3+ aminopeptidase+= N ‘&
chof] YA 424 ofm] Akl Leu, Ala @ Phe Zt7]of] S0]4 2.
= 3ol vkl Hargh vl i}, ghH, UFs®| ArgPNAC] of
3t specific activity, A= U 3|82 ARF2] 79 27} 6.69
U/mg, 1.46W] ¥ 55.7%°]%12L, PFY] 3¢ Z+2 0.62 U/mg,
0.148) 2 6.7%°] At} Total activity= PF7} 70,480 UZ PF
(8,525 U)e]| H]5}o] oF 8 31 A= =0}, ARFoll:= ArgPNAE
B3)|3k 4= 9l= aminopeptidase’s. T} 23511 gl o 22} Tty
Qlt}. Arginine aminopeptidase (EC 3.4.11.6)= 54l= 4 0]
S 22 AEAWol EAsh= -2 AAEA, N Uk
QA Arg 9 Lys 2b7]of] Sold o g &2 7|4 e 7
Zthal B 3151$ 0. o(McDonald and Barrett, 1986), Sanz and
Toldra (2002):= Lactobacillus sakeiz2-E] |3} arginine ami-
nopeptidase®] 75~ ArgAMC, ArgPNA, LysAMC 2 LysPNA%}
22 7140 disto] iAo g 2 BeEAdS 7RIt B
3t b Qe 9bA 9] B 3(Kim et al., 2014b)of| w2, Ak 2o
HPE®] cigh 8148 ZviolA] T Geirjolo] ofat 2y
(20.0-24.5%)7} =L Zu}E 12 1] %(16.6-56.6%)°] 2]5+ amino-
peptidase 2=l iof| Hsle] o] AL9] gkejo 7} ARFE 3]4&
(71%)°] &-53| =of gtejofato] o3t A aFelo] AHi#] 3-89
Qlo] sttt Zo] FR1= STt

ESE 2 A9 10 kDa $He| o #pufZ: o] 83t ghejolat 34
&4 2o 1M FE=(HPE)Y] 795 20% o2 B
= AN ofy e, AZAHPF)Y] gite ayAe
A AT 4= 12431, endoprotease . aminopeptidase 312
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100 A
__ 80
X
>
£ 60
B
©
2 40
©
[5]
¢ 20
0
3 4 5 6 7 8 9 10
pH
100 B
e
g 80
2>
= 60
B
@®
2 40
©
& 20
1
0

N
o
w
o

40 50 60 70
Temperature (°C)

Relative activity (%)

20 ¢

0.0 1.0 2.0 3.0 4.0
NaCl (M)

Fig. 1. Effect of pH stability (A), thermal stability (B) and NaCl (C)
on aminopeptidase activity of the retentate fraction from the common
squid Todarodes pacificicus hepatopancreas extracts by the ultrafil-
tration toward LeuPNA as a substrate.

Yo Ave 558 9 REAATIT S50 202 et
stk o)) Aot HaroA o 7H149] ghefolat ARF
+ endoprotease?] F3f] EA H = aminopeptidase®] &3]
EAJo] A H 0 & 94251931, ArgPNAS] H|3to] A2 o &
LeuPNAE E0|# o7 B|& 4= Q= aminopeptidase”} t}=F
W2kl oAl ke of, 28t 7k E sl 5 peptide T
ap/g opuiAbE Al A B 7 H LUHAE A7 l= #
A NAA R 08 7T A o= AThE| T}

ore|0dat ARF2 oFg
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Al 9 %Jo] HPEZYE] grejojab o 2 2315t ARFe} pHYE
S5ol3o] A T B8 &, LeuPNAY] thale] | &uk-g- =4
(pH 7.5,50°C, 1 h)ol|l A 23l e/d-S 5795 RFS] pH ¢ /d-2>
Fig. 1A} 2t} pH 5-10 ¥ $]of| 4], RF] Ea12/4-292-100%
o] Folled veho] 7H obdgt pHEH 90|91 oH, pH 4
o A= 83.4%0°] % o1, pH 3ol A= 54 E4474E Ho
25%% YERy ¢} $H, Rakskulthai and Haard (1999)= ¢
Aol e 25 £23k aminopeptidase €+ pH 6-7
H o]l A, Park et al. (1998)2 Bacillus licheniformisZ-5-€] 2]
aminopeptidase+= pH 6-12 H$], Pan and Tanokura (2004)+=
Lactobacillus helveticus=5-€] aminopeptidase S A A|5}o] &
2(#2)9] pH M= A2 A3, pH 4.5-8.0 W ffoll A ¢t
Asteirha gk} ol o|eh e Askob B g vl B
of 4 ©o]] ARFL= 5.2 pH %jejoflA] QP42 Lhetjol
4hd A 9l ag4 o]§o] 7hsste] el TekE ek

4l 9 ZJo] ARF2] LeuPNA] tfgt & ¢Hy 42 Fig. 1Bo} 2
o} ARF:= 20-55°C #1910l 4] 80-100%2] &go] F-A=]of ¢t
BFALAL, 60°Col| 4] B0l 87.2% % 7145150, L o)<
oo 323 Aaksto] 23%015ke] AL Liehygic.
Park et al. (1998)2 Bacillus licheniformis=5-€|, Z12] 1 Pan
and Tanokura (2004)= Lactobacillus helveticus25-E amino-
peptidase 2] AT hE, LI YRS Al 1 A} 3
o) BH4-S 217} S0°C W 40°COl 9L, T o)4te] Lol M B
Ao] 343] asticta ®gtuf Qi) 18] 17, Murai et al.
(2004)2 Aneurini bacillus sp.2-€] aminopeptidaseS % 4|5}
o] =M /S AT AT} 55°CollA] Z[vf] 24 2] oF 80% ©]
AE FIekintal 2 a1gk vt gt o]4+e] aminopeptidaseof]
gt ol 2] AFALE 9] A Aol A o] A} 7ol 2% <F
g7l qlof Aol 7t Gl Ao & SRlE gl on, Bl A §e &
T elell A QHgskaint.

4 e A o] T -2l gheo Tt ARFE o-8-5tof Al -8
Favof| ofsto] Al 2 SRR Eo|uh £A4 AR 9] 2t
= 7NA8kaLA} Sh= 7 f-, ARFol| £A4|5}+= exopeptidase”} 4]
ol st H/go] Qlejof gtrt. o] 23t U el 4| ARF| LeuP-
NA 7|2 o] izt A9 9] FaFa At Aah= Fig. 1CeF At
ARF2] aminopeptidase &2 0.5 M NaCl (¢F 2.9% )0l
A 3A Gk A o ot = E VM7= 7
- AR o2 sl e UERLAL, 4.5 M (2F 26.3%)
o Al o] EAEt= 75 2t 2442 37%xke UrER Sl o
¥, Degraeve and Martial-Gros (2003)2} Vo et al. (1983)2] 2
Jof W= aminopeptidase= 1L oA a4 EAdo 7
27b R AT slol, 3 AT Akl AR A4S ek
e o] Al E0] F7bol uhE A whg ol % o] £
Z71% ola) R chalo] T Wske Zesto] BaAS)
w]7] wjRo]etar B 13k v} QIck(Dixon etal., 1979). 0]4+] A
3o} 12 mjo] Ko} Ak 2 o] 1A ARFE Al 7}

& AR A5 25%u9))e] 29 Aol g5}
SH= 749, Algdo] gl 7HE B oA Mrks of 3 4wo)
BAS F7H 02 ASAL, s e A9 FEofA]
#.§5h= Ao] fnbHlole} wereiglct.

stoloiat ARFO| 7|2 S0J4

Jol ZH7¢ 121 HPE % ghejofat ARF9| 105:2] A
37140 gt 2allgdS SAste] 718 Bolde A
7} Table 29} 2t} HPE?] LeuPNA 7] o] o3t &
12H49(9.72 U/mg 2 100%)& 71502 3}o] HPE 2 ARF

7178l tiek AiE84d (%) HPES| 77, GluPNA
7} 249%2 713 733t Bl e BT, the-0 2 MetPNA
(161%), LeuPNA (100%), AlaPNA (86%) <=0]91.2.H, Ar-
gPNA, LysPNA, PhePNA, ProPNA, GlyPNA 2 ValPNA
= 9-47%2] HalgdS e gict. dhelofat ARFO| 79,
MetPNA7} 308%= 71 733t Eelfe/d& vt glem, ot
59 & GIuPNA (282%), LeuPNA (186%), AlaPNA (160%),
ArgPNA (69%)2] 2013121, PhePNA, LysPNA, ProPNA,
GlyPNA 2 ValPNAE 1.2-59%9] Ba 284S el o]
go] Aol Al gtejofat A& Fto] £23 ARFi= HPEO|
H]5}o], ProPNA, ValPNA 2 GlyPNA9] Hajghde 7ast
gk, U A] 78:90] G711l diet g S7H1.1-1.9
#i)5F¢ict. HPE 9 ARF R =/dobu] ARl GuPNA, 44
4J o= 4ke] MetPNA, LeuPNA @ AlaPNA©]| tfj3t Kajj
ol FERFoH, 1059 AeA 7| d e el &/d<] 7
ol 2po] 7} QLA B Rl veRd o 2 A P 9

Lz
to
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Table 2. Substrate specificity of HPE and ARF of common squid
Todarodes pacificicus hepatopancreas toward various substrates

HPE ARF

Substrates Specific  Relative Specific  Relative

activity activity activity activity

(Umg) (%)' (U/mg) (%)'
GluPNA 24.18+£0.01  248.7 27.44+0.09 282.2
LysPNA 3.59+0.00 36.9 4.27+0.12 43.9
ArgPNA 4.57+0.02 47.0 6.69+0.01 68.8
ProPNA? 2.03+0.03 20.9 1.18+0.02 12.1
GlyPNA? 1.35+0.06 13.9 0.48+0.02 4.9
AlaPNA? 8.34+0.11 85.8 15.60£0.23 1604
ValPNA? 0.88+0.12 9.0 0.12+0.02 1.2
MetPNA?  15.60£0.06  160.5 29.90+0.05 307.5
LeuPNA? 9.72+0.05 100.0 18.11£0.18  186.2
PhePNA? 3.3120.04 34.0 5.77+0.28 59.3

'Relative activity (%) was calculated base on LeuPNA specific ac-
tivity. 2Hydrophobic amino acid. Values are mean+SD of three de-
termination. HPE, hepatopancreas extract; ARF, aminopeptidase
retentate fraction.



18 AR5 - oA - el - AR

gk 71" 5ol4o] Fel= STt

Umetsu et al. (2003)2 7}2]H] $74H4 (midgut gland)©. 25
B AA|gt aminopeptidase] 3¢ AlaPNAE 7|02 31%)
S u] MetPNA, GIuPNA 4 GlyPNA9] 40 2 FaljgkA(18-
34%)°0] 74319121} PhePNA, ArgPNA, ¥ LeuPNAc] th3}
o= vkt Bl €d(3-7%)= ETEaL 8} o, vl w A
Wi 712 Sol 4 etk B Telick. 4k, Vo et al
(1983)2 o] = EEl AA|gt aminopeptidase®| 79 Leu-
BNA, AlaBNA, LeuPNA 2 AlaPNA¢| tfjslo] 735t 2
AL YeRlekar 2 a1gt B 9131, Chiou et al. (1988) <
o] &= FE] A A5t aminopeptidase2] 743 AlaBNAE 7]+2
2, PheBNA X LysBNAO] t|5}o] 63%0]4+2] H-312H4d-& Lt
Eh gk W sk ul gk,

o] A9 Aol A= ARF+= MetPNA, LeuPNA, GluPNA
9 AlaPNA©] tfsf 7}t w2/ Lrefi o], peptides Eet
o] ofu| i ALS % Met, Leu W Ala 53 2-2 254 ofu]ieAt
(Tshibashi et al., 1987; Liu and Yasuda, 2005)2] 0|3+ Act
of oJsf A3F9] £t /iAol delE TS o glowjet e
L2 Pele

2re|ofat RFQ| 2SN St

A @40l 7M1 HPER K ghejolilgAS Soff wegt
ARF % PFO] 37h] &3t 7hp3t8f] AJ7te] wh& BTCH (25t
tryptic casein 7FEsfE)oll et 07 AE 1% Gly-
Phe 220t 238N of gt £20bg 712 A2 Z7k= Table 3
I Atk ARF= 844/7]2 9] Hl&-0] 1/2,0002 1/1,000 4 ),

Table 3. Sensory score on the bitterness of ARF and PF-treated
BTCHs

) Hydrolysis time (h)

Fraction' E/S

0 8 16 24

ARF 1/2,000 72 7 7 7

1/1,000 7 7 6 5

1/500 7 2 1 0

1/200 7 1 1 0

1/100 7 1 0 0

1/50 7 1 0 0

110 7 1 0 0

PF 1/200 7 7 7 7

1/100 7 7 7 7

1/50 7 7 7 6

'ARF, aminopeptidase retentate fraction, >10 kDa fraction; PF, per-
meate fraction, <10 kDa fraction by the ultrafiltration.?Numericals
represent the number felt strong bitterness compared to the bitter-
ness of 1% Gly-phe bitter solution. ARF, aminopeptidase retentate
fraction; BTCH, bitter tryptic casein hydorlysate; PF, permeate
fraction.

CuY - H9A - Hus

7hE8l 16417t o] 27]74A] &ute] thgt M7} glolom,
PFO] 72 1/200, 1/100 2 1/50 & w 7553 A7kl A2
o] 774 9] panel member 2277} 1% Gly-phe 89 =t} ¢4t
o] Zystrtar Hrtste] &9t i avprh e QA=A 2%k
ot ZLefu, ARFOl theh 71 9] Hlg-o] 1/5002} 12002 1%
Gly-phe -84} £25to] Z}slrhal 715t panelo] 7F23f 8A|
ZrellAl 27, 12| aL 16417 ol A 178 Rke] $lom, 240] 141 panel
member 257} 1% Gly-phe Bt} £5to] oFstAL, L7 2] B
stof 20t 714 mal7) 2+ 5] QI E At T3t ARFO| 371
3 = AFT(1/100 0]/ 1% Gly-phe &4 31} 25ko] {3
AfelehiL %7}t panelo] 71453 82170l 4] 19bo] 912, o]
39| BhgAIZ o A= A o] 2882 TAASHA] Z8tGitt. o] <f
2o A= ARFo| E3E31= aminopeptidase”} peptidedth
o] 2512 op|shz 4424 obnliAbE o) R Re] peptides
5 Adsel7| wjol et I $th(Liv and Yasuda, 2005;
Ishibashi et al., 1987a). ©]AF9] A& n|Fo] Hol AF @ % o]
2431 ) Tholof T ARFE Ehald sjsial gl t 44 of
Ao] &t WA = o] 8-ekalA} Bh= - Ba/7] A9 HleS
1/5002.= sko] 16A17 014 7hpaf| Al7] A = 1/100 ©]
102 sjo] A1 olate] 1t el sk o] AHst
2let et gl

ARF # 2] BTCHsol| thgt 25t 719] Z3k(Table 3)=5-E
A7) BES 1/5000.2 H]dt 7lBaA| 7 ¥ 71es
Sl=(8, 16 % 24 h)ofl thsto] o] 52 o7l av= HPLC
profiles¥} peak area (%)2] ¥3h= 217} Fig. 22} Table 40 L}
EF2ith ARF # 2] BTCH2] HPLC chromatogram 4ol 4| A}
5] e peakol W& oL, R uhek st

Table 4. Changes in major peaks area(%) from HPLC profile of
BTCHs treated with ARF of common squid Todarodes pacificicus
hepatopancreas by the ultrafiltration for different times

(Area %)

ARF-treated casein hydrolysate?

Peak No. BTCH' ARF- ARF- ARF-
BTCHO8 BTCH16 BTCH24

1 46 44 254 29.2
2 4.2 18.4 54 44
3 52 7.2 13.1 14.9
4 3.3 6.9 8.6 6.9
5 11.9 171 29.8 40.3
6 214 1.7 1.4 1.3
7 18.8 16.3 14.4 1.3
8 13.6 2.0 2.0 1.6

BTCH, bitter tryptic casein hydrolysate, 2ARF-BTCH(08-24),
BTCH treated with ARF ratio of 1/500 (w/w) for 8-24 h. HPLC,
high performance liquid chromatography; ARF, aminopeptidase
retentate fraction.
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Fig. 2. Reverse-phase HPLC profile of BTCHs treated with ARF of
common squid Todarodes pacificicus hepatopancreas by the ultra-
filtration for different incubation times. BTCH, bitter tryptic casein
hydrolysate; BTCHOS8, BTCH treated with RF/substrate ratio of
1:500 (w/w) for 8 h; BTCH16, BTCH treated with RF/substrate
ratio of 1:500 (w/w) for 16 h; BTCH24, BTCH treated with ARF
substrate ratio of 1:500 (w/w) for 24 h. HPLC, high performance
liquid chromatography; ARF, aminopeptidase retentate fraction.

7} FE24 peak+= 8702 5 E %Itk BTCHE profile?] 7
L, BAA] A3 ZHH(C18) ©]5-4H(0-45% acetonitrile) 2]
EAof u}g} retention time (0-60 min)©] ZAoj A 45 A2 o
2 o] 73t peptide P50 &H A0 2 =S
1 (peak 6-8), ©]5 peak 6-8°]| casein 7}pE-al 2] 20RS U
Al 3t= peptide &=0 = =] Glrh. ARF A 2] BTCHs (08-
24)0] 9., 7kl Alzko] S7toll whet peaks 1-5+= 5715
A4S B3l Bk peaks 6-8-> 7HAsh= 73S UER STt
whepA] HPLC profiles Zoll A e 2] . & Z14=7d o] 732t peaks
(1-5)2] 7= 25273 0] 7=t peaks (6-8)°] £3E35h= peptides
9] 44/ N et ofu|icito] ARFE| 280 & f-2]&|o] AJt)
o7 aap/do] OFs| AT A] peaks 1-52] F7t& o]0l Ao]
2} A= QUk(Fig. 2).

BTCH % ARF #2] BTCHs (8-24)2] 7458 A 7tof| u}
£ HPLC profileA}(Fig. 2)9] peak area (%)2] H3K Table 4)
= WA, P 2HBTCH)2| 8% peakso] thak area %= peak 1

0] 4.6%, peak 2 (4.2%), peak 3 (5.2%), peak 4 (3.3%), peak 5
(11.9%), peak 6 (21.4%), peak 7 (18.8%) LU peak 8°] 13.6%
o|itt. RE-BTCHO089] 7%, BTCHO| H|3}o] ax4=/do] 743t
4851 9] peak 6 (1.7%), L 545t 2] peak 8 (2.0%)°] FA]
o] st iar, Wi At A o= sapAdo] ofRl 272 0 € peak
2 (18.4%) 9 435t 2] peak 5 (17.1%)7} A3t 2712 B9
th. ARF-BTCH169] 7, 225t} 9] peak 1 (25.4%), 292f
9] peak 3 (13.1%) 4 432 2] peak 5 (29.8%)<] 5717+ FE
21 5.©, ARF-BTCH249] 7= peak 5 (40.3%)%] 5712}
498 9] peak 7 (1.3%)2] 47t F=2 R

Nishiwaki et al.(2002), Bumberger and Belitz (1993), Lin et
al. (1997) ¥ Park and Lee (1996)%= aminopeptidases ©]-&
5to] casein 7FEdfEe] OIS A=A, T AvkE
C18-RP HPLC A4 ZA7} retention time 405t 0|$-9] A<
do] 73t peak=o] 7HAgt WHH 40&df o] e] 4Ado] 7
gt peakso] F7FsHITHAL Harsto] & Ao Autet FAREA
k. ol= gt Haro| -85 gQlst7] fiste] 7k Ak ut
£ ARF #2] BTCHs®| ®<4 obn|ieite] 24 Haks Ay
312} slc)

ote|ojt ARF X{2| BTCHs2| ofo|cite] =N

2 Ao] TH el ghefola ARFol| oJRt 7h= A7t
d BTCHs®] ofn|izqke] H3LS 3Ff(mg/100 mL) 2 24
(%) 2= Table Sofl Y let. WA, 7hp2sAlzbE e ke
HF2E Z ojn| Al She(released amino acid)S 20t 7HE
31=¢l BTCH7} 1,912.2 mg/100 mLo]$}.2.H, o]50] 4] Phe
9] ghaFo] 35.5%%E A8t ARF A 2] BTCH08-23,915.2
mg/100mL, BTCH16-24,268.1 mg/100 mL Z12]1 BTCH24
6,328.5 mg/100 mLEA] BTCH®|| 1]5to] 71454 7ke] 7
Fhof| whe} 22} 2,054, 2.238 2 3314 = ARFe] o3 =4
& otuficAl gHero] S7Fst ). 17%-2] ofn|leAl B ARF O]
7kl ofsf ol 7kt Aoz Yeton, £3] Cys,
His %! Phe S A €J3F 1459] 2] obn|ieAt ghFo] 2|4 2uf
ol ool F7IRE Ao = UEylth of&e| WEH ofn|ieAt
el S7F H=ol, BTCH| Bk 24l o]2] =217l of
H| At 24(%) 9] 57Hs EQl ob] AR Asp, Tyr, Arg, Met,
lle % Leuol3lom, 2JH|S FAISHAY thaF7IRt ofnfie
AR Thr, Ser, Glu, Lys, Ala @ Val2A] o]& 2|5 ofu]i=Ak
S ARF9| 714 ol Hagh wh o] Ql= A o= weh
AT} ERE 7R Aol whE obm|ieAte] 2Rl A
skl o, ofufieql 9ol 574t Pro Gly B Phe= el Ado]
W& Aoz FAE I whehAl, of 2Rt Ak $hA o] 94371
Aol thgt 718 So]/d(Table 2y 1= WHFRE Aup¢lo] 2
FTA o= SHIE T, E3, & ofn] At 2/ of Tt 4xpAd of
u]=ARe] H]-8(%)+= BTCH (50.6%)°i H|3}¢] ARF-BTCHs
(08-24)= 39.5-41.4%2 7F2=3}0], 9FA] ©] HPLC profile®] 2
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Table 5. Released amino acid compositions of BTCHs treated with ARF of common squid Todarodes pacificicus hepatopancreas by the
ultrafiltration for different times

Amino acid mg/100 mL of hydrolysate g/100 g of protein (%)
BTCH? ARF-BTCH08 ARF-BTCH16 ARF-BTCH24 BTCH? ARF-BTCH08 ARF-BTCH16 ARF-BTCH24

Asp 27.7 187.1 199.5 292.3 1.5 4.8 4.7 4.6
Thr 324 69.1 63.0 117.6 1.7 1.8 1.5 1.9
Ser 39.9 86.7 58.9 145.3 2.1 2.2 1.4 2.3
Glu 1241 273.8 320.6 483.3 6.5 7.0 75 7.6
Cys 71.2 61.4 64.7 76.4 3.7 1.6 1.5 1.2
Tyr 134.8 429.9 505.6 917.9 7.0 11.0 11.8 14.5
His 257.6 210.3 203.5 280.1 13.5 54 4.8 44
Lys 187.1 473.1 502.9 637.3 9.8 12.1 11.8 10.1
Arg 70.1 579.1 659.3 758.0 3.7 14.8 15.4 12.0
Subtotal 944.9 2,370.5 2,578 3,708.2 494 60.5 60.4 58.6
Pro’ 38.7 38.3 50.3 103.7 2.0 1.0 1.2 1.6
Gly' 16.1 38.0 19.7 34.8 0.8 1.0 0.5 0.5
Ala’ 16.6 68.7 62.7 96.4 0.9 1.8 1.5 1.5
Val' 113.8 257.0 2725 354.1 6.0 6.6 6.4 5.6
Met' 18.4 79.4 98.5 213.3 1.0 2.0 23 3.4
lle' 39.6 136.6 162.7 333.0 2.1 3.5 3.8 53
Leu' 448 359.2 422.4 657.4 23 9.2 9.9 10.4
Phe' 679.2 567.4 601.2 827.4 355 14.5 14.1 13.1
Subtotal 967.2 1,544.6 1,690 2,620.1 50.6 39.5 39.6 414
Total 1,912.2 3,915.2 4,268.1 6,328.5 100.0 100.0 100.0 100.0

'Hydrophobic amino acid, >Refer to the footnote of Table 4. BTCH, bitter tryptic casein hydrolysate; ARF, aminopeptidase retentate fraction.

TH(Fig 29} Table 4)9} A 2]3+%]

ofmiAto)

=
Has

skelg

o
2 0]o)

A
Ee

o]Ato] A2 HEl ARFo| H3L3l+= aminopeptidaseso]] 2]

3l BTCH] peptideS % peptide Utol Leu @ Arg 51} 2
& 20| Tofsh= ohn|iAkS fEfRte g Qlate] Ao
& X579 peptide® H2He|= BlEo] &87] wizole} et
=] 2Ith(Nishiwaki et al., 2002). $+H, Park and Lee (1996)=
cheddar cheeseol| 4] Lactobacillus casei ssp. casei LLG -2
aminopeptidase & H-2]3}0] 20 714 AF-8- cheddar EMC
cheeseol| #7Islo] AZ3 &, HPLC profile2 43 A}
cheddar cheese?] 79 &= SHbof YelGE A4 peak
59 2717k B9l 29k AAE 901, Pro 271 Bo]
$3H: fraction A|7%A] ktehin Wk v glk. T2,
Minagawa et al. (1989)2 aminopeptidase”} bitter fraction 5=
Eo|& 07 Prod} Asp Gt -2 P F72] opu| e ARS -2
A717] BghekT W sk v} glck. o|4be] ARFe| 7] 4504,
5 A AL HPLC profile W ARFo] oJsf W% ofn]=ibe] 2
39| Aatz w|Fo] Ho}, peptidec] 23l oF7] ¥ 7H-E-olE2
Lo A 24 of 7RI -2 k9o ARF (>10 kDa)of| o

sho] 71219 Bl 8-S 1/500°.2 gt th2 16A17F oA} 715
A7]e 735 29k WA 4= gloe] et shetE| gl

Ab AL
o] =2 20199 Sop4AHE A0 2 opsAbkelr] 47
2B S-S 1
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