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Fractionation and Characterization of Protease Inhibitors from Fish
Eggs Based on Protein Solubility

Hyeon Jeong Kim, Ki Hyun Kim, Sang Mok Song', Il Yong Kim', Sung Hwan Park’,
Eun Ji Gu', Hyun Ji Lee', Jin-Soo Kim and Min Soo Heu'*

Department of Seafood Science & Technology/Institute of Marine Industry, Gyeongsang National University, Tongyeong 650-160, Korea
!Department of Food & Nutrition/Institute of Marine Industry, Gyeongsang National University, Jinju 660-701, Korea

A protease inhibitor was fractionated from fish eggs using methods based on protein solubility. Fractionation effi-
ciency was evaluated with regard to percent recovery and total inhibitory activity (U). The fractionation of protease
inhibitor (PI) from egg extracts of skipjack tuna (ST, Katsuwonus pelamis), yellowfin tuna (YT, Thunnus albacores),
and Alaska pollock (AP, Theragra chalcogramma) was performed by precipitation with cold acetone or ammonium
sulfate (AS). Fractions exhibiting the strongest inhibitory activity contained 20-40% (v/v) cold acetone or 40-60%
saturated AS fractions. AS fractionation was more effective in isolating PI than was precipitation with acetone. The
total inhibitory activity and percent recovery of fraction obtained with AS 40-60% toward trypsin and Na-benzoyl-L-
arginine-p-nitroanilide (BAPNA) were 4,976 U and 24.2% for ST, 3,331 U and 38.1% for YT, and 4,750 U and 43.8%
for AP, respectively. In comparisons against six commercial proteases, 40-80% AS fractions, made by combining the
40-60% and 60-80% AS fractions from fish egg extract, exhibited the strongest inhibition of trypsin when using a
casein substrate. These results suggest that fish eggs act as serine protease inhibitors and may be useful for protease

inhibition in foodstuffs.
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N o=
Protease inhibitore= A 2 24 A2 0] Z-2]of| ulH2] 3}
B3] oJ 3RS 2 vl A _E_s a0 Zn2ke-S A ae 4= 9)
= Aol peptides 52 TITH 019}7 12 protease inhib-
itori= YWHA © 2 7Fs=, )ITHe] @4, =, A=, v 2o}
of o] wazskar lat, ofokE, F ¢, %4 &35k okl §lof of
F Zast 24olu, AEAUlof| A EH-311, complement ac-
tivation, A 2 0], E =22 -4k FeF A, pro-hormone %,
fibrynolysis, 24 W3- o=

[e)
Hol 3

S WE of ok HkS
A(Potempa et al. 1994; Birk, 1994; Richardson, 1990; Weder,
1985; Rawlings, 2004)3}= 522 QI3[ A2|¥oz2w a3t

e she 2R LA 9o,

o|glzo] A Wf theFst w35 sk, =AW =48t
= protease inhibitor+= 2H-8-5H= TH R B3l g A 0] Eo]Alo]
u}2} serine protease inhibitor?} cysteine protease inhibitor=
H =517) %= 3ttt Serine protease inhibitori= W= THA| 3Z A&

Uioll g 2aEskar, qiatby ol T fel] Bk efst

= B A= gaay & metamorph051s0ﬂ 9golA 8
gt 9 (Eguchi, 1993)& shH, S "ol Al2H Wol= 2
O 7

511, pro-phenoloxidase cascadel% A2 ZAJs) cefst |
AA| o] A7 B 58 2dst= A4 <l oS st (Las-
kowski and Kato, 1980). ©]9} 22 28 582
protease inhibitors= Kazal, Kunitz, serpin %

E:O

7}41 serine
a—macroglobuhn

Article history;
Received 4 February 2013; Revised 5 March 2013; Accepted 12 March 2013
*Corresponding author: Tel: +82. 55. 772. 1440 Fax: +82. 55. 772. 1430

E-mail address: heul837@dreamwiz.com

119

Kor J Fish Aquat Sci 46(2) 119-128, April 2013
http://dx.doi.org/10.5657/KFAS.2013.0119

pISSN:0374-8111, eISSN:2287-8815

(© The Korean Society of Fishereis and Aquatic Science. All rights reserved



120 AW - A7 - SAE - GAL - R - R - o AR - P - S
o g B2 Erh(Kanost, 1999; Polanowski and Wilusz, 1996). = 2 gk

71 2 &4 % serine protease inhibitor2+ trypsin inhibi-
toro|™, 5= F&H(Kazal et al.,1948; Pubols, 1988; Zhao et
al., 1996), ] ZH(Tschesche et al., 1987), 7| ™ &](Fink et al.,
1986) 5 E3}3 HA = B 2 (Friedrich et al.,, 1993),
A= (Tamir et al., 1996) o =RE 3=, FA| W 5S40l &
St A7) it 18] A, A4S E S8 protease inhibitoro]] 3+
3} QL2 = 9do], white croaker, Arctic charr, hake, Argentine
anchovy, castaneta, rough sead, sea trout 53} -2 o579 &
oy} L-2-(Borla et al., 1998; Clereszko et al., 2000; Martone
et al., 1991; Olenen et al., 2003; Sangorrin et al., 2001; Ya-
mashita and Konagaya, 1991a), %o @ ¢lof Sa} 7ho <F
(Oda et al., 1998; Tsai et al., 1996; Walker, 2002) 2 Atlantic
salmon (Synnes, 1998; Ylonen et al., 1999), 5] 2] 295 o] 7
(Nagashima et al., 2004)2] 72 2K protease inhibitorsE
2] AAste] 1L EAS AES vE k. E3h AlEATYG ol A
protease inhibitorS -3-83F t 3 2|1 AL 2= AW A 4]
FY A=Al 247 70 A surimi 4F 0] 0] 3-8 5= Al
SFd} QI o] 5= surimi AP ol 4] ©]-8-5]+= protease inhibitor
& Pacific whiting 52} -2 Tl a2 o] o} 73t Wil
3 AAE TAEHL Q= o]F o' Al 2T surimio] -3-8-F 0]
Wl maxe] ot AAIES Al T AHA-SLA] A At
= WAsk, AAIEY] A A=E NAAAA F= JS(Anet
al., 1996)3H0. 2 LA AFdolA] Glol Al oF B o} Z8
3t 4% 1712 Z9) ol

3HH, o] Aol A A3t Aol A protease inhibitor Y enzyme
7} ke G o) Balolut AR S SlaA s whulalel &
= 2po] S o] &3 HHH O F acetoned} 2 {78 B
&S24 ammonium sulfateE AWEA 07 ARSI 9lon,
2ol el o Fag ThNe o) glghueto s 4
Aol 1 8 A9) WS ek he 12l ok 9.

o572l 7hs Foll= 4, fish frame, W, 238 2 & 52k 2

chob Skl whAeln, 55 2] 4, e, o, e,
A gl Lol o 5= A LRt thE o] o) &2 w7 =L
AAoltt. sbA 9] (i etal, 2011)E F3l 852 o7
IFof| A protease inhibitor®] F-327} Sl &gl o, o] 23
I o] A 0157 A2 KL protease inhibitorS 3% 4 235 &
ol Wl H7}910] up-circling B¢ LEI7H] At
AEAG O 7107 s A o & wekE T

& Aol Al+= protease inhibitor®] {327} EHRIE o7 & 5
oA 7ietdol Katsuwonus pelamis, Sctedo] Thumus alba-
cores Y | Theragra chalcogramma &5 AL O.2 3}0] o]
=9 crude extracts= B T o] goeAto] S o] gk ¥
O & acetone X ammonium sulfateE AF8-5}¢] protease in-
hibitorS B2J813, 5% 9 % ALAE Folol Helnie
AR 20 411 $8-2 S BEHo| T YA T

L=
.

o n® $O uf rlo

il

> ol

=
H-1 0 o0& = O

A JHErS 93t 71 % A2 S A|A|EF A} 1)

M o=

Adol| ARSRE 3 T79] ofF & & 7Ithol(ST, Skipjack
tuna Katsuwonus pelamis), Sto{(YT, Yellowfin Tuna
Thumus albacores) &2 49T HUAl 24 (F)sPAt
oAl A E RSk, 22 A AR WE(AP,
Alaska pollock Theragra chalcogramma) &2 FARZS A AL
S1 28] B20 M (F)A] AR Hof k), Hof ub
£ 3%R9 o] S AL YT

(-707C)°] Haksto] FaL
Aol ARgstact.

Target proteases, 7|2 % buffer

o} Y= 5 E 223t protease inhibitor] A&/ A
1 7] 93t target proteaset= serine protease?] trypsin, cysteine
protease®! papain< Sigma-AldrichA} (St. Louis, MO, USA)
A&, Al A8a49] Alcalase 2.4 LFG, Flavourzyme
500 MG, Neutrase 0.8 L% Protamex 1.5 MG+= Novozymes
(Bagsvaerd, Denmark) #|&-& G-9)3te] AR&313iT) o] &t
WA E a0 B S5 el AREH 718 A7
9] 79 caseing, A7 29 ¢ Na-benzoyl-L-arginine-p-
nitroanilide (BAPNA)Z Sigma-AldrichAKSt. Louis, MO,
USA) Al&=, 718k Ao 2450 2 G-}l 5to] ARE-5H3IT

A ATA =42 )] ARE-H0.1 M sodium phosphate buffer
(pH 6.0) 2 0.1 M Tris-HCI buffer (pH 9.0)+= Dawson et al.
(1986)2] "ywiof| whet 24|53k

T s

o33 & crude extract ¥ H8-=2] Tl F = Lowry et al.
(1951)9] v of u}2} bovine serum albuming 3= THl 2]
2 slo] 3t kAlo 2 Zalsl,

Crude extract (CE)Q =H|

& crude extract (CE)2 Y54 9] A28 F-23l1E U

opa] gk ok, wkfgk ol 7 & (100 g)ofl tiste] 3ul(wiv)e] B
o245 A7t 7oAl £ &, 1A H4 o' Wik (20T,
6 AZhsto] F&sHAT. 7)o o] AAE fjste] FEE
ofl T3l 0.2 (viv)e] AFFSkeax(CCl)E 7hekar 313t of
<, YAE2](12,000g, 20 min) ko] Foj R A0S CER 5}
Ak

Target proteases & AlZh 4549 &4

o

ol

Serine protease trypsin ! A| 3-8 2x0f] T 242 BAP-
NA 4 casein 7|20l tslf Ax-50] 7] eFat WH(Ji et al,,
20110l wpet Z45kglet. =, YF7H30 ul)2] 0.1% trypsin
-&° 0.6 mM BAPNA7| o] -g-3f%]0] 3li= 0.1 M Tris-HCI

oL
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buffer (pH 9.0) 3 mLE &3 2 ¥H-(40°C, 1 h) A17] t}-2,, ¥h
2o 0.3 mL2] 33% acetic acidS 7}5}o] AgF A1 & 410
nmoj| 4| &34 (U-2900, UV-VIS spectrophotometer, Hitachi,
Tokyo, Japan)E 243} 2.1, casein 7] 2] tj5}o+= 50 uL
2] 0.1% trypsin 823} 0.3% casein®] &3]= 0] 3= 0.1 M
Tris-HCI buffer (pH 7.0) 2 mLE &3 4 v¥k340C, 1 h) A|
7111, o]o] A buffer?} F=H2 mL)2] 5% trichloroacetic acid
(TCAYEHE 7H3le] A5k 171 F H(30 min), U2
(146, 20 min)3t t}-2-, 280 nmoll A S4=2 24519},

Cysteine protease papain 2! A A8 4of tfjsh A1
100 uL2] 0.1% papain 2 1% A]3 AF-8-7 4 -8-20] 0.3% ca-
sein¢| &3 F o] 21+ 0.1 M Tris-HCI buffer (pH 7.0) 2 mLE
23t 9 Hk(40T, 1 hAl7]aL, ofojA Agh H4lEe(146g,
20 min) ¥ E34%(280 nm)E SA5FST]

o]& trypsin, papain 2 A& proteases®] &4J(U/mg) 15

50} 1 mge| fi (Sl )7 HshA 7] B 0.1 digitd 1
Uimg®. 2 Urepgict.

Target proteasesO it XaH &4

Target protease (0.1% trypsin & papain 212} 30 2 100
ul At 459] Al A8 a4 (1% Alcalase, Flavourzyme,
Neutrase 2 ProtamexS Z}2}F 100 pLojl tfslo])of] o} 4=
FE 53100 uLe] CEE 77} 71sto] A oA Hh3(40C,
30 min)Z AAIEH F, of7]of 7|49 HFEErt AFsHA =
T2 H7HBAPNA 7]22] < 0.6 mM 9 casein 712 <] 74
£ 0.3%)3}o], a4 A =42 APH 9.0, 40C, 1 h)o|
A HRSAIA A Mt a4y S il uhet R EE
755t} ofF & CE9] target proteaseo]| thk el #|sig
A(relative inhibitory activity, RIA)2 o]}l 4] =43 target
protease®] o153 & crude extracts 87} o 2+ LA (C) W A
PH (S o181 ThE T e 0.2 kBl

RIA (%) =((C-A)/C) x 100

E3} o] & CEY] target proteaseo]] Tt #|ai2H4 (specific

inhibitory activity, SIA)< 1 mg protease inhibitor7} 14 5-<9F

1 U/mg & 284 (specific enzyme activity, U/mg)= 77

Ao ehyelrt.
of

9|

& CEZEE protease inhibitore| acetoned|

=
=
L

rol 3
ot

7Febgol(ST), Behdel(YT) % YEl(AP) & CERZH-E] pro-
tease inhibitor®] &2 Tl A 85} 4 (solubility) ©]-8-3} ac-
etone 2 ammonium sulfate E-3Wo| o]5}o] A5}t 2zt
E3uH 9 fraction®] A3l &2 target protease?] trypsin®]]
i3l BAPNA 9 casein 7] &3 AME-Slo] S22/ 11 A
32 Agaioc,

f718ufof ot o] F & CES] £&2 CE°fl cold acetone
(-220C)& 718l 2% =7} 0-20, 20-40, 40-60 2 60-80%
(VW)7} ElEE Slo] a2 02 4719] fraction O 2 H315}%
t}. o]0l 4] B3]} fraction YA1E-](12,000g 20 min) 8 T}
o 71 ZhAbo]| thate] Xagge] & o] 242 &5 W FA5}o]
fractions EAJ-& 2A}17] 93k A| 282 ARSI IT]

0{2 2 CEZEH protease inhibitore] ammonium
sulfated]| 2lgt 22|

Aol 93t o F & CEQ] £82 CE°| tisto] ammonium
sulfateE- % 7Hammonium sulfate®] =5 20%% 571HA7]
WA Eoksr} B g Aokl 4420 2 479 frac-
tion© 2 E35}4It}. o]o] A sk HE B35 ammoni-
um sulfate fractions (AS 0-20, 20-40, 40-60 2 60-80% 3Z3}&
I fraction)5-& ¥U41+22](12,000g, 20 min) g TF2- 71 ZFALo]
diate] 2ol & o] 22 F3f 5l FA431¢] fraction 54
& 24517 $la AR Ag el

Native—PAGE ®7|¥9=

off o 2% W LI v RRaTHY] 4HE 9
3}o] native- polyacrylamide gel electrophoresis (PAGE) A
2= ZF 2347 04 mLef 0.1 mLe] sample buffer (62.5
mM Tris-HCL, pH 6.8)2 E3t5}0] A7]9%8 AR A8
lach Hedrick and Smith (1968)2] HHs o] whe}, 10% Mini-
PROTEAN®TGX™ Precast gel (Bio-Rad Lab., Inc., USA)
Mni-PROTEAN Tetra cell (Bio-Rad Lab., Inc., USA)ef| A&+
F S o2, AT (5-10 uL) ] A|RE FU3FAL, gel (10 well)
o 10 mAS] W5 27]9ES AXssich 17|95 e
H gel2 coomassie brilliant blue R-250 8- o2 HAG 5,
acetic acid, methanol & &o|-2<= (1:2:7, v/v/v) E¢-8-H o 2
L.

HE & AS fractions2t trypsinZte| preincubation
timeO| Xoigdol o|xl= &

3%9] o]F & ammonium sulfate fractions (CE, AS 0-40% 2!
40-80% 23} trypsin?Fe] preincubation time (15-120
min)of| T2 BAPNA ¥ casein 7|2 o] that A a2/ ol| m| 2] =
gFoll thsto] Mgk Afelgd 42 ek S35tk

Znt 9 D3

TrypsinOl CHEt Acetone fractions2| XaHEtA
359 oF & 48 CE (100 mL)ZH-¥ acetone o2 A2
3ho] 2215t 459 fractionS2] BAPNAC] tjst A3 243+

3)4eS 243t 4t Table 13} 2t 7lcieo(ST Kat-
suwonus pelamis) & CEZHE 223} acetone fractions2)
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Table 1. Trypsin inhibitory activities of fractions obtained from
the crude extracts of fish eggs by the acetone fractionation toward
BAPNA as a substrate

Total Protein  SIA TIA" Recovery’ Purity?

Fraction V‘(’r'g[';e (mg/mL) (Uimg)  (U) (%)  (fold)

Skipjack tuna
CE 1000 7.2 28.4 20592.0 100.0 1.0
0-20% 45 09 746 3021 15 2.6
20-40% 73 59 1214 52287 254 4.2
40-60% 50 93 72.8 33852 164 25
60-80% 30 1.0 42.9 128.7 0.6 1.5
Yellowfin tuna
CE 100.0 5.3 16.5 8745.7 100.0 1.0
0-20% 46 09 16.7 69.1 0.8 1.0
20-40% 75 88 304 20264 232 1.8
40-60% 56 56 19.2 6021 6.9 1.2
60-80% 25 0.8 18.9 378 04 1.2
Alaska pollack
CE 100.0 9.2 11.8 10856.0 100.0 1.0
0-20% 59 14 289 2387 22 24
20-40% 103 64 265 17469 16.1 2.2
40-60% 48 14.8 52 3694 34 0.4
60-80% 19 16 39.3 1195 141 3.3
CE, Crude extract; SIA, Specific inhibitory activity; TIA, Total in-
hibitory activity.
' TIA (U)=Total volume (mL)* Protein (mg/mL)*SIA (U/mg).
2 Recovery (%) = (TIA of each fraction/TIA of CE)x 100.
3 Purity (fold) = SIA of each fraction/SIA of CE.

BAPNA©| djgt specific inhibitory activity (SIA, U/mg)2}t
purity+= 20-40% fraction®] z}2} 121.4 U/mg ¥ 4.28| 2 714+
=%, TS0 2 0-20% fraction (242} 74.6 U/mg 9 2.64Y),
40-60% fraction (22} 72.8 U/mg 2 2.54)2] 2019101, 60-
80% fraction®] Z}2} 42,9 U/mg 4 1.58 =2 74 Wekct. 7hct
2to] oF CEEXH acetone fractionS-2] & 3492 43.9%=
rAa5F3 L, 20-40% fraction©] 25.4%2 4] & 31482] 57.8%
2 7P =0, Z) fraction?] total inhibitory activity (TIA,
U)= 20-40% fractiono] 5,228.7 UR 713 =1, T2 02
40-60% fraction (3,385.2 U)o|gic}. Behetol(YT Thumus
albacores) & CE®] Z} acetone fractions 2] BAPNA©] tfj st
STAS} purity+= 20-40% fraction©] Z+2F 30.4 U/mg 2 1.8uf
2 7P =2 uhd| 0-20% fraction©] ZF2} 16.7 U/mg 2 1.0uH
2 71 vkt 3hcleto] acetone fraction?] £ 3482 CEol
j5le] 31.3%2 74319 1L, 20-40% fraction (23.2%)0] & 3]
&Y 741%E AR5t 7HE Eskon, TIA: 3]¢a 2
o] mpk7FA| &2 20-40% fraction®] 2,026.4 UZ 7} =9t W
el (AP Theragra chalcogramma) & CE2] acetone fractions2]
BAPNAZ?] th3t SIA Y purity= 60-80% fraction©] Z}Z} 39.3
U/mg 9 3382 7P =311, th3-2 & 0-20% fraction (22}
28.9 U/mg 9 2.4ul)) 9 20-40% fraction (212} 26.5 U/mg U

S UG - g e -

2.24)9] <=0 %121, 40-60% fraction®] Z}2+ 5.2 U/mg 4 0.4
=2 7P wekck W] & acetone fraction?] & 3482 CE
o thsle] 22.8% 2 Fr4d1$ L, 20-40% fraction (16.1%)°] &
3|59 70.6%E AA|5ke] 71 =3kom, 2t fraction] TIA
AA] 34T} o] 20-40% fractiono] 1,746.9 UZ 7} =
Skt SHH, Lopuska et al. (1999)2 9] 7S 2 R E 0-50%
acetone 0.2 H2]510] A2 trypsin inhibitor fraction®] crude
extracto]] ti$t =& 9 AR E= 86.5% Y 1.782kaL Sfof
A AT} (20-40% fraction)o]l B]5}Fo] 3|45~ =2 HHH| 4
AEs 32 Ao g eyt

o]AFe] AwE n|F2o] Hol o]F & CEE K E acetone L& B
23t 7} fraction®] BAPNAO| T3t TIA, SIA, 348 2 purity
= fraction 7}l = 3% o] &ro] % 20-40% fraction©], o]
7re] vl o) A= 7jehedo] o S8 crude extract® 225t A 0|
71 St A o2 e

3k, 35-9] o] F & 72 CE (100 mL)E acetone > 2 #{ 2|5}
o] 2251 4%-9] fraction 52| casein®]l tigh A2l 2/J(SIA)zt
Sja= ST 2= Table 29F 2. 7tharo] & acetone
fraction®] casein]] Tt SIA L} purity+= 60-80% fraction®| Z}
7} 18.6 U/mg W 13281 2 7P4F =941, 22 & 0-20% frac-
tion (Z+Z+ 17.8 U/mg ¥ 12.74), 20-40% fraction (22} 12.9

Table 2. Trypsin inhibitory activities of fractions obtained from
the crude extracts of fish eggs by the acetone fractionation toward
casein as a substrate

Total Protein
Fraction volume (mg/ SIA TIA!
(mL) mL)
Skipjack tuna
CE 100.0 7.2 14 1008.0 100.0 1.0
0-20% 45 09 178 721 72 127
20-40% 7.3 59 129 5556 551 9.2
40-60% 5.0 9.3 39 1813 18.0 28
60-80% 3.0 1.0 18.6 55.8 55 132
Yellowfin tuna
CE 100.0 5.3 6.1 3233.0 100.0 1.0
0-20% 4.6 0.9 400 1656 5.1 6.6
20-40% 7.5 88 107 7062 218 1.8
40-60% 5.6 56 261 8185 253 43
60-80% 25 08 832 166.4 5.1 13.6
Alaska pollack
CE 100.0 9.2 02 184.0 100.0 1.0
0-20% 59 14 131 1082 588 655
20-40%  10.3 6.4 0.1 6.6 3.6 0.5
40-60% 48 148 0.3 213 1.6 1.5
60-80% 1.9 1.6 5.2 15.8 8.6  26.0
CE, Crude extract; SIA, Specific inhibitory activity; TIA, Total
inhibitory activity.
'TIA (U)=Total volume(mL)xProtein (mg/mL)xSIA (U/mg).
2 Recovery (%)=(TIA of each fraction/TIA of CE)x100.
3 Purity (fold)=SIA of each fraction/SIA of CE.

Recovery? Purity®
(Umg) (U) (%) (fold)
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U/mg 9 9.2u})2] <=0]8].0.1, 40-60% fraction®] Z}2} 3.9 U/
mg % 2882 7}AF It} Acetone fraction®] & 3482
85.8% CEo]l thalo] oF 14.2%7} F438411, 20-40% frac-
tion®] 55.1%FA 7F =& 4=Fo0]¢l o, ZF fraction?] TIA
= 20-40% fraction®] 555.6 UZ 714 =911, th2 9 & 40-
60% fraction (181.3 U)o] itt. Stfato] & acetone fraction 2]
casein®]| t gt SIAL} purity+= 60-80% fraction®| Z+2} 83.2 U/
mg % 13.681 2 7P 32 wHH, 20-40% fractiono] 2H2} 10.7
U/mg ¥ 1.88] 2 713 Gk}, Shtfato] & acetone fraction 2]
= 3482 57.3%= crude extracto]] 5} 42.7%7} A5}
A1, 40-60% fraction®] 25.3%%2 & 35829 44.2%= *}4]
3} 0, o] fraction®] TIA= 8185 UR 74 =2 A0 & 1}
Ebytct. Hel & acetone fraction?] casein®|| t gt SIAL} purity
+ 0-20% fraction®] 22} 13.1 U/mg & 65.58) 2 7MLk &=k,
Th30 2 60-80% fraction (242} 5.2 U/mg 2 26.081)2] <=0 $1
o). W] & acetone fraction?] & 3482 82.6%% crude ex-
tracto]] th5}ko] oF 17.4%A &= 748 21, 0-20% fraction©]
Z 3489 71.2%% AFA|5F4L, ©] fraction®] TIAZ} 108.2
U= 7H} =& 2o = Ueyth

o]A}e] AR, target protease?] trypsin®] tst BAPNA %
casein 7| 2 o] 3t #|s|&A] 0.7 AF E o] = 2 acetone frac-
tion2] SIA U purity 12|31 TIA ¥ 3]4=8-& 1.2/} protease
inhibitorQ] 2| & B3ler 1= 329] o] & B = 20-40% o]}

AulA O 2 acetone w22 o] F < crude extracts 2 H-E| 13]
A2l & 4= Q= ol vl A g2 A, {718 E AN e R
HA 545t 22 HFEEERE T A=A BT R Y
A7} E Aol o] F01A] 7] wfiZof| Z} fraction®] 3}/ -B-0] 5k
A, FATgo] e givke A T3 22 o] qlof #e
o 2 A wo] AfelE] 3 Qlr}. 12LY, acetone H-3H-L 23]
L Zpolof ofgt ol B g ob 2 eof wet B a vyt
et A, e A2 Al AlRT 2ok AR E= acetone®]
ol wWol & 4= Q&= A, £2 % ¥ acetoneo] 'UAYSHTH= A,
acetone®]| 2|5k Tl A o] /42 of7] Al 4= Qlok= A 5t
28 = Qlth(Heu and Ahn, 1999 Kim et al., 2008a; Kim
et al., 2008b). w}2}A, acetone -2 H| acetone] HAY
= F|adetes 7718 34 AR E ol8-staL, Ao ARt
oA Gde] WS B astslel Aggichy, a0
= protease inhibitors =& sh=t] o]& 7}s5t2] 2F Azt

Ammonium sulfate fractionQ| XsH&A H|m

3%9] o] F & CE (100 mL)Z%-E ammonium sulfate (AS)
2 AEsfo] 23 45(AS 0-20%, 20-40%, 40-60% L 60-
80% E3Hs12) 9] fractionS 2] BAPNAO] that A5 241} 3]
88 43 A= Table 33+ 2o, 7chato] & AS frac-
tions2] BAPNAo| tfj gt SIAS} purity+= 60-80% 33} fraction
o] 717} 91.3 U/mg 2 3282 714 =9k, T80 2 40-60

% 33} fraction (212} 56.6 U/mg ¥ 2.08)2] <031t} o=
AS fraction52] & 3|82 44.1 %2 4] CE9| H|3}o] 55.9%
7} 451 A1, AS 40-60% 3E3} fraction©] 24.2% 2 A 214 2]
54.9 %= 7P =3kt o] & AS fractions 2] TIA+= 40-60%
fraction®] 4,975.7 U 7} =9ka1, t}2- 2 2 60-80% frac-
tion (3,989.8 U)o|%it}. Stfato] & AS fraction®] BAPNA
of tht SIAL} purity+= AS 40-60% fraction®] z}Z} 39.8 U/
mg Y 242 7P &8 wHH, AS 20-40% fractiono] 212+ 17.4
U/mg 2 11812 713 i), Sopedo] o AS fractions2] &
282 59.6%2 CE°l disto] of 40.4%2] fHag Holom,
AS 40-60% fraction (38.1%)0] & 3]4-8-2] 63.9%Z )5}
o] 7V 9 watol ohle TIA 94] 81483} o/ 2
3331.3 UZ 714 =9kt el & AS fractions2] BAPNA©]|
st SIAS} purity+= AS 60-80% fraction®| 2tz 106.8 U/mg
2 9 1uj= 7} =3k, o202 AS 40-60% fraction (Z2}
41.2 U/mg 4 3.58[)2] <=0]3]t}. o]ufje] AS fraction®] & 3

Table 3. Trypsin inhibitory activities of fractions obtained from the
crude extracts of fish eggs by the ammonium sulfate fractionation
toward BAPNA as a substrate

Total Protein
Fraction volume (mg/
(mL)  mL)

Skipjack tuna

CE 1000 7.2 28.4 20592.0 100.0 1.0
0-20% 35 06 7.9 16.6 0.1 0.3
20-40% 39 70 2.7 73.7 04 0.1
40-60% 59 149 56.6 49757 24.2 2.0
60-80% 38 115 91.3 3989.8 194 3.2
Yellowfin tuna

CE 100.0 53 16.5 8745.7 100.0 1.0
0-20% 24 05 213 256 0.3 1.3
20-40% 49 40 174 3410 3.9 1.1
40-60% 54 155 39.8 3331.3 38.1 24
60-80% 41 120 30.8 15154 17.3 1.8
Alaska pollack

CE 100.0 9.2 11.8 10856.0 100.0 1.0
0-20% 38 1.1 19.6 819 0.8 1.7
20-40% 188 9.6 41 7400 6.8 0.3
40-60% 6.1 189 412 47499 438 3.5
60-80% 32 102 106.8 3486.0 32.1 9.1

CE, Crude extract; SIA, Specific inhibitory activity; TIA, Total in-
hibitory activity.

''TIA (U)=Total volume (mL) x Protein (mg/mL) x SIA (U/mg).

2 Recovery (%)=(TIA of each fraction/TIA of CE) x 100.

3 Purity (fold)=SIA of each fraction/SIA of CE.

SIA TIA" Recovery’ Purity®
(Umg) (U) (%) (fold)
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T8 83.5%% CEO| t5}o] 16.5%7} 743151l AS 40-60
% fraction (43.8 %)°] | 2] 52.4%% 2}A|5ko] 714 =9ko
i, TIA E3F 3|58} ZHo] AS 40-60 % fraction®] 4,749.9 U
= 7P =9tk

o]F & CEZEE ammonium sulfate= 2213} fraction=2]
BAPNA 7] o] dfgt SIA 9 purity= 35 o|F ¢o] &L+ AS
60-80% fraction®], 12|11, o}Z7F AS 60-80% fraction %]
= FE7F 7P Seshlar, TIA 9 3l-5-2 3350 o] 7 ¢o]
HE AS 40-60% fraction©], ZL2] 12, AS 40-60% fraction 7+o]|
= Ffegolr 7 94t

Nagashima et al. (2004)2} Choi et al. (2002)2 Z}Z} &0
(Takifugu pardalis) 7472 4 7}ttgho] &2 KE protease inhibi-
torg B£8ot= AFE A%E3 Z23 trypsin (BAPNA 7] &)of|
o3t A s&Ad o] ZH2F AS 60-80 % fraction X 50-80% fraction
oA Z¥zF Uebthar Harsto], & At A ukel fARE Aeke
e it} 3L Ee et al. (2008)2 Australian wattle Acacia
victoriae A2] trypsin inhibitor ¥ chymotrypsin inhibitore]]
T3t Aol A AS 25-50% fractiono]| 4] AS 0-25% 2 50-75%
fraction® t} oF 1.4-3.58) 73sF Aa|&AdS Vel St 21
gt g,

ojeh A2 AP R | o] Hop ool 7 &R 4-El ammonium
sulfateE- ©]-8-5}9] protease inhibitors &3+ t}2 A 34
= AA 17k AYE L2 o83 HA 3l H9olli= 7kl
& crude extract 3-8 60-80% fraction ©|-8-5}= o] Z435}
], B2 gAste] BAlEE A 7Ee] Al 7o) FEH = o]
B3 2291 7 $-oll= 7itkgo] U crude extract -2 AS 40-
60% fractionr ©]-8-5}+= 2l o] 2 &3}z e} FetE it

Table 49]]+=3%2] 015 & CE (100 mL)25€] ASE A 2|5}
of {213t 4%-9] fraction=9] caseinol] gt Alsf &/dx} 3]
= ST 2 Ueh ek 7hekdo] oF AS fractions 9]
casein®] gt SIA®} purity+= AS 0-20% fraction®] 22+ 58.1
U/mg 9 41502 7} =911, th-2-2 2 AS 40-60% fraction
0] Z+7} 9.2 U/mg 2 6.68[ 2] 420 %10 ™, 7€} fractiono] Z+z¢
3.4-4.6 Umg ¥9] 4 2.4-3.38] HLZ AS 0-20% 2 40-60 %
fraction®]| v]|3}o] Wkth o]= AS fractions-2] caseino]] gt
% 3|28 119.5%2 238 2715191, AS 40-60% frac-
tion®] 80.2%=A] & 34589 67.1%= 7P =8toH, TIA
= 3480] 74 =2 AS 40-60 % fraction©| 808.8 UZ 714+
=L, T2 2 AS 60-80 % fraction (148.6 U)2] <=o| it}
glt}eto] & AS fraction=2] caseino] th gt SIAL} purity+= AS
40-60% fractiono] Z}2} 20.1 U/mg 2 332 713 &=k,
U 2] fraction®] 74 2+t 3.3-18.6 U/mg ¢ 2 0.5-3.0u4
B2 wokth o5 AS fraction®] & #1482 70.5%= CE
of tsled 29.5% 7TAsFA L, AS 40-60% fraction®] 52.0%
2 F 3489 7T4.1%E At 7MY w=8koH, o] fraction
9] TIA7} 1682.4 UR 714 =& 7o & vhelyith E3- He

B - YE - Y

- eA -

Table 4. Trypsin inhibitory activities of fractions obtained from the
crude extracts of fish eggs by the ammonium sulfate fractionation
toward casein as a substrate

Total . .

. Protein  SIA TIA" Recovery’ Purity?

Fraction "‘(’r';‘f;e (mg/mL) (Umg) (U) (%) (fold)
Skipjack tuna

CE 100.0 7.2 14 1008.0 100.0 1.0
0-20% 3.5 0.6 58.1 1220 121 415
20-40% 3.9 7.0 46 1256 125 3.3
40-60% 59 149 9.2 8088 80.2 6.6
60-80% 38 1.5 34 1486 147 24
Yellowfin tuna
CE 100.0 5.3 6.1 3233.0 100.0 1.0
0-20% 24 0.5 18.6 22.3 0.7 3.0
20-40% 4.9 4.0 3.3 64.7 2.0 0.5
40-60% 54 155 201 16824 520 3.3
60-80% 41 120 104 5117 158 1.7
Alaska pollack
CE 100.0 9.2 0.2 184.0 100.0 1.0
0-20% 3.8 1.1 1.1 4.6 25 55
20-40%  18.8 9.6 0.1 18.0 9.8 0.5
40-60% 6.1 189 21 2421 1316 105
60-80% 3.2 10.2 2.0 65.3 355 10.0
CE, Crude extract; SIA, Specific inhibitory activity; TIA, Total
inhibitory activity.
' TIA (U) =Total volume (mL) x Protein (mg/mL) x SIA (U/mg).
2 Recovery (%) =(TIA of each fraction/TIA of CE) x 100.
3 Purity (fold) =SIA of each fraction/SIA of CE.

& AS fractions2] casein®f| st SIAS} purity+= AS 40-60%
fraction®] 22} 2.1 U/mg ¥ 10.58]2 7} =33, o302
AS 60-80% fraction (212} 2.0 U/mg ¥ 10.08}))2] <=0 it} o]
E AS fraction59] £ 3582 179.4%2 2.35|8] 2715k,
40-60%0] 131.6%E % 3]2-8-2] 73.4%= A|510] 7} =
9rom, o] fractione] TIA7} 242.1 UR 7} =9t}

o|Are] AFtE u|Fo] Ko} o]F o crude extractsE5-E| AS
2 233} fraction®] caseino]] ot SIA 2 purity+ 7}t}=o]
9] AL AS 0-20 % fraction®] 7F4 =9Fo ) TIU 9 348
< tho] 4o SRl BAIRIO] AS 40-60 % fraction®] 71
39k}, o]} 2 AL ml2o] Ko} thatols ot LE] am-
monium sulfateE ©]-8-5}9] protease inhibitorE %3} th,
Fit AAste] AEARIE F7HeR o8 H4 Aol
oo & crude extract G2 AS 40-60% fractionS: ©]-85
= o] st et At STt

Ammonium sulfate F&YHL crude extract2HE 13]9]
A )7k 7R, 420 Tl A A7t b A, B
ol w4 7h5o] 4 A, v d B K} e A 52
e o] glo] Balu oA go] A=l ofek. T2t
ammonium sulfate &2 85 = Zpo|of oJgt Eou
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otz i o] Qare yo} 8w ale] 20| Ko A,
1A ammonium sulfate S AFEEFO 24 BA 6l Lok

=2 9] H3lo|| A|7to] tha A 7]= &, ammonium sulfate ¢
Aplof Tpaskr) dold 4= Q= A, ol T Fofl 2egt
wrko 2 chE wAdo] op7|d 4= Qe A, A AR R A
Z} fractiono] @o| A Ao =N HH2A 0] At 4,
=2 % ammonium sulfate -§-9fo] FAHE 2 WAYsH= ] T}
ot o] Qlth(Heu and Ahn, 1999; Kim et al., 2008a; Kim
et a;., 2008b). w}2}4], ammonium sulfate] |3t FJHH-S
A2 A g8aLA} s A9 A 2 & I3t w9 of 0§ 7
oA, o] & gt 7 AF-EH A B I T1ear, '
= AT ks nhAstoiop & Al 0 = et} o) 4be] Aut
o} 1ES Folo] 359 o} F & CEZ ¢ protease inhibitors
of AIIE S8 Slat o R thie] SIS o]
acetone ¥ ammonium sulfate 22 Zof & AIAES H
o} G870l W o2 g0 2 A7 71538t AS EaHolat
2 getelgi.

Native-PAGEO]| 2ot 2=2ls1t HE

o]F oF ==E 9l AS fractions] native-PAGE Z7|9% 2
S} Fig 12} 2o}, ¥4 7hcao]2] CE (lane )0l gel At
o] cationic protein band@} % 7tof| F--9] protein band7} &+l
2l o, AS 0-60% Z3Hs1=(lane 2-4)0f| ©|27] 7}A] gel A
©t9] cationic protein band”} £A5}= ¥H4H, 60-80% 3E3Fs
I fraction (lane 5)o)| 4= gel S7H-E2] protein band7} A4
gor Eeaig oigolel 49w sirkgolst SRt
Z5Fo] Lo, AS 40-60 % fraction (lane 4)o]| Al gel Z7HAE
9] protein band”7} A 0.2 FE| 7 A 0.2 LEhd o] 7}
c2fol( lane 5)2} ol7} T, T Gafw Ffolo] <t
BEaIE H7]9% Aol s ekl 2 Eaksw 8
protein band 2| ¥-3£7} Z}7| t}2A| YEPd o 24 1 B3l g u)
7} 91A] ¥l 2™, AS fraction®] A3l &4 H] 1 (Table 31} 4)°]
A2 AS 40-60 % = 60-80% fraction=©] trypsin A 3[| &4 o]
735t 21 0= el gof whet o] 98] A7 of| A= A5 = fraction
(AS 0-40 % fraction)¥} %= fraction (AS 40-80% fraction)
© 2 }50] target protease trypsin @ papain, 452] A]HARE-
A 49 BAPNA Y casein 7] A& /-0 = #Jsfj2gd ol thsf v
A HESHTH

Ammonium sulfate fractions?| target proteases
2 AEZA0| CHEE Xahatd

3% o] & 2 E ammonium sulfate S AFE-5lo] A%
fraction (AS 0-40 % fraction)2} 115 fraction (AS 40-80%
fraction) 2.2 H-3]5}¢], target protease trypsin®] BAPNA 4
casein 7] & of| thek A&/ 2] A= Fig. 29F £t

A, 7he ol o fraction] trypsin (BAPNA 7] )] Hf gt #]

1 2 3456 12 345 6
ST YT

Fig. 1. Native-PAGE of AS fractions from the fish egg extracts.
Lane 1, CE; lane 2, 0-20%; lane 3, 20-40%; lane 4, 40-60%; lane
5, 60-80% AS saturated fractions and lane 6, 80% AS supernatant
fractions, respectively.

&2 AS 0-40% fraction®] 30.9 U/mge.s& CES] 29.5 U/
mgo]| H5}o] 2ol 7} Q14| 2] k-2 WO, AS 40-80 % frac-
tion2] 7-$- 88.2 U/mg 2 2 oF 3uff J7}5131t}. Caseinol o gt
A& AS 40-80% fraction©] 24.4 U/mg 2.2 CE (4.2 U/
mg)°f| Hlato] 5887} S7FsFGi T T3k, Sristo] ¢ fraction
9] trypsin (BAPNA 7] 2ol that 45242 AS 0-40 % frac-
tiono] 0.8 U/mg & CE<] 9.6 U/mgol| v|5te] @A 5] 7h4st
WA, AS 40-80 % fraction®] 7-9- 66.7 U/mg o2 oF 7THj7} 5
7V5FA L), ol2d caseino] t3t A& AS 40-80% frac-
tion®] 16.8 U/mg 2.2 CE (1.0 U/mg)°i| H]5}o] 16.88]7F 57}
SkGITh. e o fraction®] -9, BAPNA 7] || tf3h A|s&
442 AS 40-80% fractiono] 31.1 U/mg2A CE (16.6 U/mg)
of vstof oF 1.9847} F715131 0™, caseino]] tht A a2 d-2
40-80 % fraction©] 13.0 U/mg®.2 CE (0.3 U/mg)o]| H]5}o]
oF 40,157} Z7F5191. ol o] 2k B AgeIA] AT 3
9] o]fF YRFE 5 % £33 AS 40-80% fraction®] 7
- trypsin inhibitor®] 3] & 37}-7} 214 | ¢l t}. Target protease
papain ¥ A]3 A8 § Av(Alcalase, Flavourzyme, Neutrase 2
Protamex) 2] casein 7] 29| o3t AS fraction®] A& H3
£ A& A3= Fig. 30 Ueriet 7ol & fractions
©] papain B! Al /-§- A Ao Tt A 8242 protamexE Al
9|3t papain X 35-9] AJ A& 84 0] A9 fraction®] F5
Agle] 2 Apo|7F AU Hadhe BEE Kol 28 w
E Ao 7F QIR = A] ¢Fkar, ©HA] protamex ] -9~ AS 0-40 %
(0.22 U/mg) 2 40-80% (0.18 U/mg) fraction®]| 4] CEol| T3]
w8 as Yet Sl 12 ar, o] 4o 9ol A% 7t
thgol et AR AE B ieh W o fraction®] Asi2d
< ProtamexE A €| 3t papain H 3F5-0] Al g a4 &
3] a7} ¢1X|(papain, Alcalase 2! Neutraseo] ts}o] = 2=
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Fig. 2. Trypsin inhibitory activities of fractions obtained from the
crude extracts of fish eggs by the ammonium sulfate fractionation
toward BAPNA and casein.

fractions, Flavourzyme©] tfs}o]+= AS 40-80% fraction)%]
I}, 22U, ol F oF CES] F-Roll TAgl0] AS fractionS <]
papain % 4F-0] A3 A8 A Aol tigh A/ 0.06-1.62
U/mg W12, trypsino] tigh A &/(1.7-24.4 U/mg)°] H]
&) FA 5] Fe Zo)Qlr}. 3HH, Ustadi et al. (2005) Ht
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Fig. 3. Proteases inhibitory activities for commercial proteases of
fractions obtained from the crude extracts of fish eggs by the am-
monium sulfate fractionation toward casein.

proteases inhibitor®] H-3£ = target proteaseS! trypsin®] ta}
o] % AsjEAS et (i et al. 2011), TFHE- 2 & pa-
painof| thet As&/d RS Kol WA, 450] Alga ol of
St Asf e i vu]sh S Bk ofy 2t 28lof whE at
&= AR A 3k

359 o}F & CEZFH Aol utE £ ayt A
AS 40-80% fraction= TjAFC.2 3lof, A oA "H-g-A|7H(15-
120 min)®f| w2 target protease trypsin®] BAPNA Y casein
71780l ek Asi&d o] A= Fig. 49k 2ot A ©A HESA|
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7H(15-120 min)®f w2 AS fraction=2] trypsin (BAPNA 7]
4 9 casein 7] Aol tfet AL 352 ofF o mE
A BESATE] A Gl 2ol 5 HolA] ghghon, ofF 719
Aeg S Fekarol, Griato] @ e ool oloict. La]
L, trypsino]] tht A2 == of 7 4ol S5l BAglel
trypsin®] £90|2] 7]2¢l BAPNAZ| casein 7| & Xt} 73t 7
O 2 vyttt whebA, target protease2t AS 40-80% fraction
2o} 2 oA §EG A7 3040] ARt A o 2 ke Qi)

oAkl AM=ZHE ofF &9 crude extractso|A] protease
inhibitor®] T3 S Ffolo] T2 FEHel LIuPHE
ammonium sulfateE ©|-8-3H W0l ¢l or, F #3|E4(TIA,
U) % 51582 12jg 49 fraction® 3%2] 0} HE AS
40-80% fraction®] $itt. o] F 7k S0l WA 8= 7 fike
24 of5 QRS YN AJRE U3 olgo] B B, T 5|5
= 1] o] 8x-Y AY o 2 RE 7844512l protease inhibitor2]
$oh 2ol oJ5t ATl B8 ere] 7| 2A2 2 A4S
At E3E o] 5 %] E9] target protease?] trypsin®]| tf gk
Al gdAdo] 73st A0 2 el serine protease inhibitor7} TF
& wAshal Lol I YA, 2 AP R4 Bt A5
Al 7+o] A3 HEGE 304 ool Hofuh= A& &9l & 4= Q)
Qltt. ko 2 o] o Lof| A= batch T+ preparative chromatog-
raphy -5 0]-8-3F 2] Weto] thafj A = HE7} o] o] A of &
Aoz Atz

Ab AL
o LEL 201045 FR(EWE|ER)] AU
SATAT] AN Wob ST /| 2ATAY010-
0009921).
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