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To identify and examine the distribution of proteolytic inhibitory activity in crude extracts from fish eggs,
and to determine the applicability of these protease inhibitors as anti-degradation agents in surimi-based
products and fish meat, we compared the inhibitory activities of various extracts from fish eggs to those
of commercial proteases, such as trypsin and papain. We used the optimal conditions for the screening
of trypsin activity: 30 ug/uL of 0.1% trypsin and 0.6 mM Na-benzoyl-L-arginine-p-nitroanilide (BAPNA)
with a pH of 8.0 at 40°C for 60 min. The activities of papain and four commercial proteases were investigated
after mixing with 100 ug/uL enzymes and 0.3% casein with a pH of 8.0 at 40°C for 60 min. We performed
a screening assay to detect the inhibitory activity (%) of crude extracts from eight species of fish eggs
against the target proteases trypsin and papain. The assay revealed a wide distribution of trypsin and papain
inhibitors in fish eggs. The specific inhibitory activities (11.6-28.6 U/mg) of crude extracts from fish eggs
against trypsin and BAPNA substrate were higher than that (0.64 U/mg) of egg whites, used as a commercial
inhibitor. The inhibitory activities of crude extracts from fish eggs against trypsin, and of egg whites against
casein substrate (1.94-4.51 U/mg), were higher than those of papain (0.24-1.57 U/mg) and commercial
protease (0.04-0.32 U/mg). The extracts from fish eggs were rich in protease inhibitors that exhibited strong
inhibitory activity against trypsin, a serine protease, and papain, a cysteine protease.
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Table 1. Characteristics of target and commercial enzymes
used in this experiment

Optimal conditions

Enzyme Manufacture Origin

Temp. (C) pH

Trypsin 40 8.0  Bovine pancreas
Papain 40 6.5 Papaya fruit
Alcalase 2.4 LFG 55-70  6.5-8.5 Bacillus licheniformis
Flavourzyme 500 MG 50 7.0  Aspergillus oryzae
Neutrase 0.8 L 45-55 6.0  Bacillus amyloliiensquefaciens
Protamex 1.5 MG 40 6.0-7.0 Bacillus sp.
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Fig. 1. Effect of the enzyme concentration on trypsin activity
toward BAPNA and casein as substrates.

Enzyme activity was measured by the method of Erlanger
et al. (1961, 1966) with slight modification. Protein
concentration: 1 mg/mL. Reaction condition : 10~50 pL of
enzyme; 3 mL of 0.5 mM BAPNA/50 mM Tris-HCI1 (pH
8.0); 40C, 1 hr.
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Fig. 2. Effect of the enzyme concentration on caseinolytic
activity of the papain and commercial proteases toward casein.
Enzyme activity was measured by the method of Anson (1938)
with slight modification. Protein concentration: 1 mg/mL.

Reaction condition : 10~250 pL of enzyme; 2 mL of 0.3%
casein/50 mM Tris-HCI (pH 8.0); 40C, 1 hr.
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Table 2. Enzymatic activity (U/mg) of target and commercial
enzymes under the optimum condition in this experiment
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Enzyme BAPNA Casein
Trypsin 17.50 7.15
Papain 0.05 0.83
Alcalase - 2.40
Flavourzyme - 1.25
Neutrase - 2.25
Protamex - 2.56
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g FEh o] Frako) glo] Who], o B o] & crude
extract7} THE o] F9] &oll Hlalo] oF 2ujA 9] FHf Aol &
B3tk o]/ & FE=9 gkl g Hiale waw
glassfish & crude extract®] T3} @ geFo] 20,031 mg/250 g
(B4 8,012 mg/100 g, Ustadi et al., 2005b), 4o & crude
extract’} 1,046 mg/25 g (3} 4,184 mg/100 g, Kim et al.,
2006) 18] 3 HE] Aol A FE3F crude extract®] T sheF
© 1,192 mg25 g (34F 4,768 mg/100 g, Ustadi et al., 2005a)]
2hal stof 2 AT AdpelE Apol7t Ao, o] oF Y
FEx7 ol Aol 7|k Ao R ATGEHATH

target

Table 3. Distribution of amidolytic inhibition activity of crude
extracts from fish eggs toward target proteases

Total protein  Trypsin Papain
Fish (mg/100 g inhibition inhibition
sample) (%) (%)
Alaska pollock 3,700+£158  24.4+1.3 27.5+13.5
Bastard hailbut 3,088+250 28.8+1.2 8.5+£12.2
Gizzard shad 5,823+369  23.2+1.1 -
Mullet 2,464+250 11.6£1.3 22.2+11.5
Red seabream 5,739+ 390 16.3+0.8 -
Skipjack tuna 2,377+158  39.4+2.3 45.2+13.8
Yellowfin tuna 2,536+ 231 33.0+1.8 40.3t12.6
Yellowtail 6,273+254  27.1£1.3 0.4+£0.1
1% Egg white powder 1,000 8.0+0.1 -

Values were mean of triple determination.
-, Not detected.

Values were mean £SD of triple determination.
-, Not detected.
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o5 42 HE] 53 crude extracts®] trypsin (BAPNA 7|
2 A dd 2 7ergol ot grigo] & crude extracts7}F ZH
394 B 33.0%°] Ao oR ek A EdS Below, W,
A, o] & o= 23.2-27.1% WY AHEAHS, 5o
(11.6%) 2 & (163%)2 A FEXE el
Positive control24] A] ¥+ egg white inhibitor®] 7-$- BAPNAYI|
3t trypsin A3 EF-2 8%l ETste] 8F9] o F 29 crude
extracts BT} W& AdPdHdoz B A, papain
(BAPNA 7] d)ell o3t A e &g & Heof, 35, ol (0.4%),
9] (8.5%) 2 egg white inhibitor®] 75 A ajgd o] A
Al YERA @2 WA, JhohEo] (452%), SrhEol
(40.3%), TBE] (27.5%) 2 FO] (222%)% Bl o A
4 JERST 12y, papain®] BAPNAS] H| & 4%
(0.05 U/mg, Table 2)°] UF w1 Ao A& &Ade] A7}
7] papain®] ANLF X FFE ddstrlol= tha FEvt
NS Aoz A=)t A 29F9] o] F HA (Nagashima
et al,, 2004) ¥ 7}t}sro] & (Choi et al., 2002), 18] 3L white
croaker (Hara et al., 1985; Cao et al., 2000) ¥ carp (Hara and
Ishihara, 1987)9] TSl trypsin (BAPNA 7]1&)l thal] # &l
g S UEFY = serine protease inhibitor”} 3 $Hbal H a1
}% 2™ Saitoh et al. (2005)> Japanese eel A& 2] crude
extractol] = papain 2 ficin &40l 3l A& S Vel
T}l &} cysteine protease inhibitor”} 3L 3tT}al 19T

Table 4. Distribution of caseinolytic inhibition activity of
crude extracts from fish eggs toward target proteases

Total protein  Trypsin Papain
Fish (mg/100 g inhibition  inhibition
sample) (%) (%)

Alaska pollock 3,700£158  10.9+2.2 11.1£3.5
Bastard hailbut 3,088+ 250 5.6+1.4 37.9+14.6
Gizzard shad 5,823+ 369 1.7£0.1 -
Mullet 2,464+ 250 52+1.3 25.5+11.5
Red seabream 57394390 10.6+2.6 30.6+13.2
Skipjack tuna 2,377+158  18.8+3.2 39.9+13.8
Yellowfin tuna 2,536+ 231 26.6x24 53.0+12.6
Yellowtail 6,273+254 359+1.8  38.5+10.1
1% Egg white powder 1,000 14.5£2.0 4.4+1.6

Values were mean +SD of triple determination.
-, Not detected.

Table 4= ©lF L ZHE F=3F crude extracts] casein
714l gt target protease2] A3 AEIEE UEIH Aol
ot WA, typsinell tHE A3 22 o] 35.9%)7F 7HE H&
A3 EAdS veEhdiglen, oo 2 S| (26.6%), 7ttt
Zo], egg white, BE| 2 F50] 10%2] AEH S UER
St} whdd] woje} Hoje] A9 5% nivke] AdEd-S YE
d Bolt). A papaindl e o] F ¢ crude extractse]
A Ex= Folrt 53%Y =2 Al 48 B,
G, 35, 7Hekedo] 2 wolo] A9 30.6~39.9% H 919 A3

g, Aojot egg whited] A5 A &Ado] AL A<

e ekgkel B3 trypsin A 8] &4 ©] papain A&l 24 KL
o w2 AaE eI o] X7 papainell tigh A& o]
trypsinol] et A gnct JojHoR w1, A3 ed o]
HA7Y AA el o] fi= B & 4EA (Table 2)°] trypsin]
H] 3} Yo}, control (O] & crude extractE F7FSMA] ¢
dzayol gt 480 FaFo] Agiaor i
E78kaL, controlol] tiEE Ao W& A2 S e
Bl 7191kt

Nagashima et al. (2004)2 5] (Takifugu pardalis) 72 2]
A A3 proteased] thaled = casein 7] @l 3} = papain,
trypsin chymitrypsin, thermolysin 5 2] &2l st = 3|
2SR o] serine, cysteine & metallo-protease”} &gk
tta 3k o, glassfish & (Ustadi et al., 2005b), o] &
(Yamashita and Konagaya, 1991b ; Kim et al., 2006), & ™ €l
& (Ustadi et al., 2005a)°ll 33} protease inhibitore
cysteine protease$] papain % cathepsin Lo 5F A& S B
%, serine protease$! trypsinolli= A LAS HolA| g=va
SLE

ol’de] Aie}l oA FibsEe] 22 (35, A4, ¢
)l we} protease inhibitor®] L7} THEFHS Hl oM,
E-3] o] F ol serine protease inhibitor (Choi et al., 2004)<}
cysteine protease inhibitors (Ustadi et al., 2005a; 2005b; Kim
et al., 2006)7} H-3E 3Tl dFo] o] Fo W} protease inhibitors
o &axol zto]7F AUtk mekA, target protease 2 714 9
TH ot AP AE B BE ApolE HGlowH,
A2 8F2] ] FF crude extractsl| &= casein % BAPNA 7] 0|
3k trypsinol] Wk A3 2}-§-¢] papaindl] Y] 7F3}A|
L EFE O 2 A serine proteaseE ] 3l 3}+= protease inhibitor”}
F2 Fxsted ddEd o, HolF AL 759 ofF
¢+ crude extractsoll = cysteine proteaseZ4] papain?] casein
7120 Raflo] gk As) & O 2 cysteine proteaseS 3|3}
= protease inhibitor'= X 3= A2 FAHEHJUT

Target proteases % Al & a4 sk A&
F &2 H-E protease inhibitore] A2 o] &7l S
AH B 7] §5lod, 8% 9] crude extracts T, ©HA I L
target protease®l] st A& (%) 18] YRR Fo]
A& arelate], fElvhe} A9l FAojFoRA oLt
Ho] 2 ZZH8 o= o] &3l WA, TXHELE g 7}
THE Ttukge] 2 gugo], aga AP g AF R A
AZEA o] §¥a A= W ¢S AT ol & 459
AF &S tdo 2 BAPNA 7120 tiste] crude extract 52
1 mg G o] 1A|7F &< target protease®] H| &AL 1
UmgE #4715 A3EAd (Inhibitory activity, U/mg) S &2
A B A3E Fig. 30 YERATH
4F9 offF UEHE FE3 crude extracts®] trypsin
(BAPNA 7]3) Aa|&Ae 7lrteto] 7} 28.6 Umgl =2 vt
o] (17.0 U/mg)ell Hlste] =gkom, e (13.3 U/mg) 18] al
94 (116 Umg) &ollom, tzg-24 ARSE Ala
protease inhibitor?]l egg white powder (0.64 U/mg)X.t} #]3)| &
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Fig. 3. Distribution of inhibitory activity of target proteases
(trypsin and papain) by the crude extracts of fish eggs and
egg white toward BAPNA as a substrate.

do] oF 20.1~44.74] =2 Sl vk EF, 9A, HH, 7kt
Fo] g grjio] A4 T 4FF{o ofF L2EH FE
crude extracts®] papain (BAPNA 7] )0 ot AHaf|&d-2 3
tZol7t 0.51 Umglo & 7Febato] (0.38 U/mg), HEN (0.18
U/mg), 93] (0.12 Umg) B thx7 = A&-3 A3 protease
inhibitor?] egg white powder (243 7 A &)l vt Ut
Trypsin@} papain®] (BAPNA 7]&)ell o3k Ao A s &A (%)
Z 3} (Table 3)9} Fig. 39] inhibitory activity (U/mg) 2 3}<}
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papain A S Hol= A AZE xS & UAAeH,
gk papainL.UHE trypsing 28HAl A sk A Al7F ohF
XS 5ol FIEAH

Nagashima et al. (2004)> 59 (Takifugu pardalis) 747
crude extracts®] trypsin (BAPNA 7] &)l thst A& (0.92
U/mg)e] 71 Z38lthar 813 21, Choi et al. (2002)2 7)o}
o] ¢ZRE FE3F crude extract®] 0.0095 U/mg2] A3l &A
S YERdTIaL sfod, - AFFA e} A& A gt
kol g Bl ow, o= AL I9E Helshes FHES]
718 @9 B 9k AIZEY] xpole) ZIRIEHE A oR HHEHS
ok e o] g s st ete AT o F & cude
extract®] A a0l e FAoZ ATE)

kA, o] F & protease inhibitore] A+ 2 o] &7154
1E ¥k ol 2} protease®] 7| A5 0]AdS A St Al A
S A 7141 casein 7] AE A3} target protease! tryps
3} papain, 12|32 450 Al FRF A0 EIEA A& A
(Inhibitory activity, U/mg)E 3&2] oF <¢=EEH FE3
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HE] & crude extracts] protease A 3| &2 trypsin (3.16
U/mg)®] papain (0.85 U/mg)°ll H]3}e] ¢F 3.74] 735} o,
4% AlF AEFEAE 0.03~0.19 Umg B9 AsdAdS
VER AT 259 tho]F & crude extracts®] target protease
of thgk A vkl ¢l SRl #ARIO| trypsinell
iste] Zioke] 9 SriEtolzt 247t 451 Umg 2 3.58 Umg
o= 7b =gta, t-8- O & papain (2H2} 1.57 U/mg 2 1.38
U/mg)®] o]l om, 4529 Al -8 adol thatod = 2h2t
0.06~0.32 U/mg W] 2 0.13~022 Umg2.2 A 3|24 nn|3}
Atk wgh Thrhgol el gokaro] & crude extracts 7 target
protease H Al A& @ Lol digk AT o] AFA
AES »E dwlia]giol diste] 7itiego]7t grigol
¢ crude extractsol] H]Slo] =& AT FEE HTh

ole} Z& tFolR{ & H W ¢ crude extracts®] target
protease (casein)oll st #3|&dde] A2 w]Fo] Hol
target protease®l] tgh A3 &Ad2 HE] & crude extractol] H] 3}
o] t}Eo]lF & crude extracts”} target protease] FFoll ¥HA
glo] B Egtom, 450 A9k A8 a Aol dlstel= 3% 9

7 & crude extracts B A4t 3 AS|Ed S B Alet
protease inhibitor] egg white powderi= trypsin (casein 7]2)
A Egol 194 Umge=, 4F9 A Agaxs
(Flavourzyme, 1.08 U/mg ; Alcalase, 0.56 U/mg ; Neutrase,
0.28 U/mg ; Protamex, 0.04 U/mg) ¥-5Fo] o} 2} papain (0.24
U/mg)ell HIt] = =9t} whebA], thiolf & crude extracts
= EEola WH ¢ crude extract”} Al protease inhibitor3]
egg white powder?] target protease (casein 7]Z)oll 3t A3
AR} £ Ao E YERY, o] F ¢ crude extracts®] protease
inhibitor=2A] 2|4 o] o] 875 4S s A=A
I ou 7} AJTE 459 Al A8 E A (casein 7))ol o gk
A &2 egg white powderol] H]3}e] o F <o FiFoll A
$lo] & o]F & crude extracts”} Alcalase, Flavourzyme 2
Neutrase #]38] &4d-& @9k} Protamex A 8l A& -F-A}&}H
71t mu| gk Ao A =4t o] 4] AFE caseing 7] E®
3} target proteaseso]l T3 EE o5 & crude extracts®t
egg white powder?] 8 &A A HE= trypsinell tist 75
7} 1.03~4.51 U/mg W= 71 748k91aL, oh2- 2 & papain©l
st 749 (0.24-1.57 U/mg H$1) 2 Flavourzymeol| thst 73-9-
(0.14~1.08 U/mg B <=ol3dt}.

Nagashima et al. (2004)2 0] A ZHE A A3 protease
inhibitor®] 7 -9-, casein 7] &l |5} serine protease?]
trypsin B chyotrypsin ¢HH & A 2l 274 (100%) = H1 ¥H,
cysteine protease®] papain¥} metallo proteaseQ] thermolysin]
A gL 10% wiRtelztal washglth. 359 ofF
glassfish, 1] 2 HE] &) crude extract®] papain 2 azocasein
o] tigk Aal&de] 27k 0.09 Umg, 0.08 Umg 2 0.3 Umg©|
2}al alo] A& @9 o] Aol & S B E & AT
target proteaseS} Al A&7 ol thet AP BT} IS
0] T} (Ustadi et al., 2005b ; Kim et al., 2006 ; Ustadi
et al., 2005a). T3}, papain®l] 3 o]F & AHA| protease

inhibitor & A] ¥ egg white inhibitor2] #]3]]&d ¢] cathepsin
Lol vlste] =& As|EAdS Blvtal B 118} target protease
o] FTFoll wet Aol zfol7t A5 AT g,
= A A ARSSE 450] Al FEEAS] HAVE 2 A
71&ol w3t 7| 5ol el tlgh AFH.AL (Heu and Ahn, 1999)
ol Al o] & AlF FEEALELS cysteine proteaseZA] cathepsin
B, H ¥ L3} serine protease 24| trypsin % chymotrysin 52}
AL 71 A 5ol d& vepdtha 314, o F & crude extracts
of o3 AEAHES HEPH O REA o]E o F &9 protease
inhibitor 241 2] 2§ Fo] Wrtal ArhE Uk

w2hA, o] F 49] crude extractsoll = BAPNA 2 casein 7] %2
2 3= trypsindl] Wk A3 &4 o] 7Slo] serine proteaseE
T2 AsetE AATE o= EEE ERE oly g papainol]
3 &4 Aal Arele v 4] g aiel vlste]
2 YERY cysteine protease A3 A= F¥E3FAL 92
AL, 1 A ] A= ikl &, o]
B o] FolQltt. o]e} e AF{E w|Fo] Ho}
9] crude extractsE U 2= AP A o] &5 8o =
X3} protease inhibitorE FGAFF 11 5 S
2l FE M-S 7Ws}o], protease inhibitor =]
Fokg 2Fgete] thFshAl Fofoll AFgAH o= o] &
o] 7hsatel et At E T
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