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Proteolytic properties of enzymes from the muscle and viscera of anchovy have been examined.
Cathepsin L, chymotrypsin, and trypsin showed similar Km values for casein. However, they had higher
Km values for myofibrillar proteins than those for casein. The k. of cathepsin L and chymotrypsin for
myofibrillar proteins were higher than that of trypsin, and also cathepsin L and chymotrypsin caused
higher hydrolysis in myofibrillar proteins of anchovy and yellowtail. In the presence of sodium chloride
(0~25%), proteolytic activity for myofibrillar proteins from yellowtail was higher than that for casein.
Proteolytic activity was decreased with the increase of sodium chloride concentration. Cathepsin L had
been less affected by NaCl concentration and temperature on the hydrolysis of myofibrillar proteins than
chymotrypsin and trypsin. Cathepsin L and chymotrypsin were more responsible to the autolysis of

muscle proteins from fish than trypsin.

Key words : anchovy, autolysis, cathepsin L, chymotrypsin, trypsin

o} (Barrett, 1977; Kirschke et al, 1980; Ueno et al.,
1988a, 1988b). old @ T AR ALY FE F o
7o) AHFdstel] B8 A7 4oz olf F A}
St v A wE G s ANEE dAso R
oM Sl AR Fo] 7 chymotrypsin® trypsing.,
283 2K ME cathepsin LS 2z Ba), A3

o 189 E2HA 542 B3t (Heu et

10

of =82 1944 % $EseAFTAT TR

Aol oJstel FYE AT YR,

557



al., 1995a, 1995b).

olfel F7d EE3te B0 & ww A
BRzA9 z7t4stg F7AA e

283k, £3) trypsinol 23 Ijr

A8l (activation) = FHALE 7 A
e YAAAA 88 v E e (Martmez
d Gildberg, 1988). o159 z7t4stel #HE A7
= F2 olfY WAFA EE3= chymotrypsin
trypsm4 )\gﬂ.ﬁ-ﬂ‘__ —,"30]] leﬂcq olocq 76*“

AAE o QWA B 7|7 B AFe
u] A8 A oldt

Ho) 7ol 2w §F 23 §9 7HE3e &
Fol #¥3c HEAY trypsin SA}E A o5y
(Ishida et al, 1994), o] &+ pH 74904 Hj&A
g /M0 B gyt

A, o] & oI Fu FAFRAES o8&

AN Z ] Aol B AAMo] nZzY

(o]
=
A7l 24 Fol £Xdte DR ELd B

)
oy
oz

oo

ff_} % (Song et al, 1982), A4
ol BT A A g gl oS
o g% Fo #3 Bivt $88 £ (Cha
and Lee, 1989).

AE (Pyeun et al, 1995; Heu et al, 1995a, 1995b)
dAE o F AHFHEI vl A BE X & AR
2 AA3d AFysle A Fad JEIA4Z FE3
T Aztast #o] 248 243 YHozHH £,
Az ol AsEA EA distd Bty
ct.

B doAe olg AAaLe
g 28 A28 A719532
o] Z7pastel "&“WYC ‘I’_”—“j‘ 3

>_1>

ox.
N
i

a2
oo
X
-4
M
¥
>
-3
fob
A
W
L
ﬁ\L
H
E
o[o
ojp
i}

N
it
Mo
jaish
ot
A

YA|R Y WWE cathepsin L, chymotrypsin & tryp-
sin - Heu et al. (1995, 1995b) 8] 3ol whe} ZA @
A2E NEE YT

CHHE =5 =X &

o
+= bovine serum albuming
et al. (19519 Wyo=z &3

o o x
2UNFEYHe

et al (1990)9 #¥-&

i 94X &3 dol& 25g¢) 47 10u) 29l 25mM
KCl ¥ 45mM EDTAS #3= 40mM Tris-HCI
(pH 7.0) §d4& 7tsta] g A7|2 287 FA3A 7
T, gA4E (600Xg 15%)3Ath 9 Ws‘% 2§l
HhE-ated Qo] AAbo] 1081 39) 100 mM KCl 2

mM EDTAE &-43h= 40 mM Tris-HCI (pH 7.0) %
A& 7tstel FAVZ 1T #AMAN F 4R
(600X g, 15%)3A}, of ZAbe] thA] 108 %2 100
mM KCl ¥ 45mM EDTAE ¥#8l= 40 mM Tris-
HCl (pH 70) £40oz #4447 042 W H9 chee-
seclothZ o #sta, ¥l A4S HEF (600Xg,
15%)3te] L gEAs FHA TR oude @

itk

AN BH [ Anson (1938)9] Wild we} Ea
9 714-¢ WSAIAH F2HE tyrosined Lowry et al.
(19509 #og FAstAen, at9 g4 e
99 whg A ()7 ZE2% (mDol diste 1
pmole®] tyrosineS FA 71 %& 1Unit (N2
B, 281 1RE4 L B4 Imgd A U=
A eRd i,

Chxl (=0 il Kinetics : @& 7|2 &
B £ 35 (Km9 0 W34 (Vmax) € ca-
A dEds Jde 9 Frdz
48 ZAF 2, Lineweaver-Burk9] 4 (Dixon and
Webb, 1972)0 whet 733tk 849 3 24+ &
28943 001~040% %] S casein B Z¥AF
G A g §f-3hE 100mM NaCl - 20 mM Na-acetate
(pH 6002 WENO2 3] 40TA 3AT S
HLOA];q EASA 23y o g48 2435

o L
L

558



A §F JAFozZHE Eeld Cathepsin L, Chymotrypsin ¥ Trypsin®] @A Bs EA4

A

=

i Eof CEAY 2
A7t wkge 2+ f4e ZHMREN A
| 1:2002.2 3t 100mM NaCl# 0.02% so-
dium azideZ ¥-%38= 20 mM sodium acetate (pH 6.
0) &4 FoA, 20CAA 0~1808 7 TFAITIHA
AP E HEEde] dAFE AT U, AV E
ANEE zA&L, E4ZEd I EHF=E SDS-
PAG A719%% (Laemmli, 1970) 2.2 438t}
TUAfrEYde W Bao AHEE ddEA
(cathepsin L, chymotrypsin, trypsin), 258 £38%
(cathepsin L+ chymotrypsin, cathepsin L+ trypsin, ch-
'ymotrypsin+ trypsin), & 3% 9] EFEL (cathe-
psin L+chymotrypsin+trypsin) @2 ¥H$A# #A
HESYT &, 7tzte] 54 2 EFaAY 29HR
g A el wlgS 1120022 &9 100mM NaCls
0.02% sodium azideZ F3h= 20mM sodium ace-
tate(pH 6.0) &4 Foll4, 20T A 0~1808 7t i3
AIHA AIHEZ g Ed ] Y FE 8] SPSS)
e A795 8 NEE ASAY B3 294
g st 2+ 549 THA
TollA 60E3} BHGAI b, HhS-E
4

3y =
tyrosine® ¥& EA3t LR

2

3t oo HE

[
e

1= 0

ax
Ho o Iy
mo rfL [0

o

L
oo

100 mM NaCl * 20 mM Na-acetate (pH 6.0) 712 &<
of t3le NaClel FEF %7 0~25% 2 H ¢ el A
5% tAo2 H7tstad 30CoA 3AI7E HHEAIA &
284 23 gt AR 18, g€ 3
7hekA Sks W EAENY e dUEHe
2 Jehh gt

AStUEED 259 A8 49 &4 (0~25%)3
oA z+ as4s 2d4F 2 712 H3ELS
10T, 20T, 30C % 40ToA 31 ¥hEAI7 & &4
S A a8z, FHE 24 ol Wate Di-

559

xon®] %} (Dixon and Webb, 1979)°ll &3} NaCl 5%
o gt Hd WMEEEE F3H L, Arrhenius? 2
EXE 2= i3 48 NA (keal/mole) & F
A

Zn o o
HMoio|Ho| et HIS
A WAL ZRE FAF chymotrypsin trypsin,
28R B3R 25025EH AAE cathepsin LY ca-
seint SYHF T Fro GE PSEXE
27359 Lineweaver-Burk 4 ¢ 2 Jehi® Fig 13
£t Fig. 19 e vhe} 2ol Al HA 9 casein 7
Ao g Km @2 S48 348 veEhled, 249
Afad Ao gk Km &2 cathepsin Lol v]3)
chymotrypsin® trypsine] A Yebytch

Ry
=1

H

Caseln
- -
60- S
S0
20
z
7
20]
A
10 =
[ ~ —~ -
-20 20 40 60 80 100
1/8 (%)
Myofibriliar_protein
804
604
Z
" £
> a g
20
:': 0 10 20 30 40 50
1/8 (%)
Fig. 1. Lineweaver-Burk plots for the hydrolysis

of the natural substrates, casein and myo-
fibrillar proteins by the cathepsin L(A),
chymotrypsin((1), and trypsin(l).

Table 12 cathepsin L, chymotrypsin 2 trypsin®
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Table 1. Kinetic parameters of the cathepsin L, chymotrypsin, and trypsin against natural protein

substrates
Substrate Enzyme Km (%) Vmax ket (min™")  ke/Km (min~}/%)
Casein Cathepsin L 0.12 0.23 5.93 4945
Chymotrypsin 0.16 1.74 45.20 282.75
Trypsin 0.11 0.19 4.86 4422
Myofibrillar Cathepsin L 1.86 0.56 14.50 7.77
protein Chymotrypsin 0.60 1.08 28.10 46.80
Trypsin 0.32 0.19 4.86 15.20
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Fig. 2. Changes in SDS-PAGE of the anchovy myofibrillar protein during hydrolysis with the cathepsin
L, chymotrypsin, and trypsin.
Hydrolysing condition:
Concentration of enzyme; 50 ug/ml.
Concentration of myofibrillar protein; 10 mg/ml.
Used buffer; 20 mM sodium acetate, pH 6.0 containing 0.1 M NaCl and 1 mM sodium azide.
Incubtion temperature; 20T
* Molecular weight standard markers: PB, phosphorylase B; BA, bovine albumin; EA, egg albumin;
GD, glyceraldehyde-3-phosphate dehydrogenase; CA, carbonic anhydrase; LG, B-lactoglobulin; LA,

a-lactalbumin.
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Fig. 3. Changes in SDS-PAGE of the yellowtail myofibrillar proteins during hydrolysis with the cathepsin
L, chymotrypsin, and trypsin.
Hydrolysing condition: Refer to the footnote of Fig. 2.
* Molecular weight standard markers: The same as in the legend of Fig. 2.
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Changes in SDS-PAGE of the yellowtail myofibrillar proteins during hydrolysis with mixed

Hydrolysing condition: Refer to the footnote in Fig. 2.
Abbreviation used: CA, cathepsin L; CH, chymotrypsin; TR, trypsin.
* Molecular weight standard markers: The same as in the legend of Fig. 2.
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Fig. 5. Comparison of proteolytic activity of an-

chovy cathepsin L, chymotrypsin, trypsin,
and the mixed enzymes of the three enzy-
mes for yellowtail myofibrillar protein.
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Fig. 6 Effect of NaCl concentration of the hydroly-
sis of natural substrates by the cathepsin
L(A), chymotrypsin((J), and trypsin(l).

e Yeiglt 18, A B2 BEFE 15~25%9)
NaCl #7'2 53 20% 9o 84& B9 ®olt
TEH Ao 3l NaCl 5% H7LEAM ca-
thepsin L& ¢ 10%9 €4 F71& 242, chymo-
trypsin® trypsin® #A9 WIHE HolA Fhow,
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Z4 =" (Brown and Smith, 1990), 0] 57 &
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ojg} 39T & d¥EY F/te WE fx9
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#2] % Cathepsin L, Chymotrypsin ¥ Trypsin® @3 &3 54

NAY £2F wile 93 EZHIE 237 o
o] (Dixon and Webb, 1979), 1 ¥ s 3}l A]<]
AREHOR A& o] DHARHEAT} oA
g 2o ZAHA dFIAYE FAHE
At
o2 20%0)49] 4
9 AgFrdAe
Aoz ¥8A A
(Pelczar and Chan, 1981). fﬂra}’ﬂ, AZY £4L& 1
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Fo 2 AYPPE FEAFL U}, 2 o]{FEA A
Z AzA ANEE 20% Y59 JgdAGE A
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Ags ﬁsi QI%EM, Ho g g OE?SMIAH

ALz Artas #o 9w
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7} 052U/mg, 0.70U/mg, 141U/mg 12X 243U/
mge] %11, trypsine 0.22 U/mg, 0.12 U/mg, 0.14 U/mg,
2331 026 U/mgeldet. mebr, A Eihe 2x9
d53 giel F4x FUiste 4TS EeH, 2

€ 2=d9A NaCl 529 7o 93t &4
24890 Dixon oA vEbd 7 5 §49|
W3tE cathepsin L¥ chymotrypsin® W& 144
o2 Walsle 2x o Wsld didte AP,
trypsin 10C8} 20T A 440 FASA Ta3m
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Fig. 7. Dixon plots for NaCl concentration and

temperature on the hydrolysis .of .the myo-
fibrillar proteins by the cathepsin L, <hy-
motrypsin, and trypsin.
Vmax value(U/mg):
Cathepsin L; 0.19 at 10T, 0.43 at 20T,
0.62 at 30C, and 1.96 at 40T,
Chymotrypsin; 0.52 at 10T, 0.70 at
20T, 1.14 at 30T, and 2.43 at 40C.
Trypsin; 0.22 at 10T, 012 at 20T,
0.14 at 30T, and 0.26 at 40T

&4, NaClel 7t A 2 &&= (10~40C) A
o] g48 =78l Arrheniuys o2 73 AHE
Fig. 8o YeElAch Arrhenius 402 78 #43}
JUAE NaCl& #7184 F%4g 9 Cathepsin Lol
8.88 kcal/mole, chymotrypsin- 6.85 kcal/mole, 222
trypsing 7.17 kcal/mole®] 2.5, 20% 9 A9 & H7}

& b
o =

Log Specific activity
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Log Specific activity
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"
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Log Speclfic activity
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Fig. 8. Arrhenius plots for effect of NaCl concen-
tration of the hydrolysis of the myofibrillar
protein by the cathepsin L, chymotrypsin,
and trypsin.

Activation energy(kcal/mol):
Cathepsin L; 8.88 at 0%, 10.31 at 10%,
and 8.70 at 20%.
Chymotrypsin; 6.85 at 0%, 9.40 at 10%,
and 9.59 at 20%.
Trypsin; 7.17 at 0%, 7.63 at 10%,
and 10.87 at 20%.
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