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SRIE R 0.05 HBERE MR (Z MK A,pH 7.5) ,
1 500 r/min 5J%% 15 min, 53 % T 3 000 x g &%
B> (Hitachi CR21E) 10 min, & L) F ¥ /EH
W, T3 ULIE LLZ Wk B (0. 6 mol/L NaCl-2% i
B A,pH 7. 5) 3 BIMRAFLEVOK T IR BUHLUL 33k
FH,2 0 h )5¥BHT 10 000 x g Z£4 TR
B0 30 min, G EHBREIHER R 10 45
B(v/v)4 TZEMEK, L1 mol/L HCI &35 pH &
6.8,F 3000 x g M4 T ¥R EE.L 10 min, g
PLEELL 0.6 mol/L NaCl-50 mmol/L B§HRZE b
(M C, pH 7.0) , AR LSRR HAE
(AM) , WHBAT T —22HBERZEN

TS g ZER BRI 6 & (w/v) &
¥ B 5% (1 500 r/min, 15 min) , FyK/K {2
BL20 h, B0 (10 000 x g, 30 min) |, fff8 B iE
WA A BT (AMO)
1.3 EARRENE

25 H Rk B € SR A Biurret 53k, LA IR
EEERIRE
1.4 A3k EARRIEREE T E

BERAE BT LT 4 CRIET T, REE
Sepharose-6B ( Pharmacia Fine Chemicals) fé) % e
1% (Excell SD450 column,2.6 x40 cm) WA 4
W C FHLF. B 70 mg HLEhERE HH M BFE,
Ik C #EATUERL (0. 5 mL/min) , PEALLH 7
L) B shik £ {X ( Gilson 202, France) 4 10 mL U
£1404E,. WESEHHATEAM L MEH,
1.5 ALAZERE LHENE

TP 2 % Barrett %7 Jr gk R R Rk Bh,
T-HHHAZEOME L K4 BKY Z-Phe-Arg-
MCA i FHRTBCHIE 0. 1 mmol/L ¥¥K , B T kK
H& M, 7£0.45 mL RFHE S S50 0. 25 mL
i) 4 mmol/L EDTA-0. 4 mol/L Z B4 E v
(pH 5.5) , 4§ 20 mmol/L & FE i i 2K Bt &
B, T25 CHith 2 min, Fh0 0. 25 mL §¥ 0.1
mmol/L & BURY, FFIE R M. & 25 TLRIE 30
min J§,ERNERZRPRENL. 5 mL 0.1 mol/L
RALBY0.1 mol/L ZRE MWW (pH 4.5) &1L
RN 7ERSHEK 370 nm, JH 6K 460 nm 4t
W52 i i Z et AMC f9%5% 3% & ( Hitachi 650-10S
WHAL) . DAKRME AMC B B ERER 2, %
25 C.30 min &4 F&F5T 1 nmol AMC E XK
1 AN (unit) ,

1.6 HMzsiEkEAHMRENEERHSKRELE

FEFE L2 pLEIEREHER, 4940 g &
BER RN 4 R & (w/v) B A,pH 7.5,1 500
r/min 5J3% 15 min, 5K T 3 000 x g £ TH
%850 (Hitachi CR21E) 10 min, J#:/E LT
H—K B . BT EIEWFR Ry SPL, PLiE
PR AML, AM1 B ZFEEPIR, BEBRKK
9 SP2.SP3, JLIERIK  AM2,AM3,, it —2b
LR K AM3 LI B 4 #OF T koK
20 h 5, %5 E.0 (10 000 x 2,30 min) |, fiFf8
EIEBEIM 10 F5& (v/v)4 CTHMBAK, LI mol/L
HCl Y pH £ 6. 8, B HE L (3 000 x g, 10
min) , X—ERAEFRA—K ke - JLIE” A0, B
LIS LB WA DPL, JilEy AM31, 4k%:
R-ULIE AL BT IK, BT f5 WAy DP2,
DP3, JLIEMRIK A AM32,AM33, ZILIEH 23
DIk C Vil & M. 7EEEUEM SP1,SP2,SP3
B DP1.DP2.DP3 £ & Hr %5 [E 4 NaCl,
W HEEE 0.6 mol/L, LL{R#F NaCl Ik E 5
AM BANHEmBERE —3, WEM L& FEPHA
HEHE L FBHE,
1.7 HAR/ZFOEH L WEEERI M

BHBEBRAL & MEH D P BRHHR
FHM L SHERE S, 7o L B A E AR g
W (Lo, B 1), BFEAEARE pH AR MR AR R
LA LA A [E) BT 3 D R B /A T, R
FEHE L AR OB, B SN E Tk F
1.5 HiE P i , fK48 A 5 0 € 70 B , VR A 28
IS

s %r 53 AI{E A Z-Phe-Arg-
MCA, Z-Arg-Arg-MCA, Arg-MCA F Boc-Gln-
Ala-Arg-MCA 1E 5T E R Y o

RFE pH s EF % 2 FEH pH A
4.0,5.0,5.5 4 mmol/L EDTA-. 4 mol/L Z,
RONZ WS W LA K pH 28 6.0,6.5,7.0 F) 4
mmol/L EDTA-0. 4 mol/L BEEE 28 mh i /B MBS
5 W

BB B %R A0, 25, 35,
45, 50, 55, 60, 70, 80 TN &M T EBEE

BER R F 89 LBhBRE H A
(AM) L, 5% & 0.2 mmol/L E-64,2 mmol/L
B Z B8 (IDA),0. 2 g/L STI ( soybean trypsin
inhibitor) , 0. 2 mmol/L % ik B# ( leupeptin ) , 4
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mmol/L —Hi7 i (DTT) & 4 mmol/L Z,—J%
WMz B4 (EDTA) BAET 25 CTHRMET RM
15 min, DLZEIR/KAME RS EXHIR, W€ I 58 LG
ERRMHNE AR L B

2 GRRANYE

2.1 ALZFEAR LEZBUHRESERNRE

PR T v DA FE R i £ B P R VLB IR R
H B Z T BER AR , R B B & Rl
FIHAE OB L F7E, KISt 0% 8 2EmE
FMRBEAFIE(E L) . FBARTEERENIRES
SAIFER, RALRELM L AR (L,
B 1), BE—MERY L, AL HAE A L
BTEHER 97.6% ., UL EERFZAHAEZTLE L
WRERUSIERE HIES A 2N, X 5 RATBIHE R
ERER—F,

—o—actomyosin L.
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Fig.1 Sepharose 6B gel filtration of actomyosin
from southern blue whiting surimi

Shimizu %5 1 38 M\ 1105 £ L BE S5 AR Y 20 B8
153 i £ BE BE L 45 4k (modori phenomena) -3
K ¥4 Sepharose-6B #E ¢ i3 Uk /5 3 144w 25 AILBR
A, AR TG REE S, RAEMER
fE. BHREPHERETSAMAPLARAE AR
L AR B Y, B R AE L L 5
R, MAREARB.H—H 44&EH
B L Rk hE BN EARE QK EE, BN
WUIEME LB 2 E O WL E B UIEREE L
HERE A RIRE A R B E AR KR
AR, BR & 3 IRk BB
BEH HAAEOE L RARBENRELHEM
B, ATHE—-FHTTHAEAE L SUIRE
HIRR KA B R T ZERER R KGR

— UL ANH, 5 18 45 R VR R LA UL
RHASTHREAM L WEE(E2) . KiEtkd
4 SP1.SP2 il SP3 A RE M L 5B
5T AM1,AM2 Fl AM3 R R Al L R
SR ML £ B Bt b, AM1 H R H
EHRE T AM2, T AM2 B 5 T AM3, B S2BR
BN, FETRRRRERI BT EA SR
EEEE N B B — Kl BT )E,
DP1 A B {5 50/ X DG AMBL BT 32 1 AM3
5, KRR ZAERS/RERIHRAEAM L BE
ZREE KR = R —UL R AL B B R R B
BRERYCE, H o AM32 f1 AM33 {H A
Ko ULHREZHAREAMRE L AiEL T
BB UIRARER

BV unit/mg
enzymatic activity
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Fig.2 Activity of cathespin L in the fractions

obtained during the bleaching process of
actomyosin extraction

EUER AR TUAT K TZ, W LUES
IKBAREL TS TR VR R BR R B R H A A28
WE PRFERYE IR UK —5RRY)
R, BRURIE— R ARSI R R R
(B R AR BEBER 25 (L TR A HF A BB T i R vk 45 3
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WSRO TE A o . AR 4l
HAEAM L B TEXRELELEET XERK
ViR, HEMEWFHTEE, —RAREOM L S
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ULl ; 7/ — R RER R EHAEAM L 53K
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A BRI R - FIE LB T, KRS
PIE RS R



33 W r, % B IR AS A BE P L AR AR BT T 339

2.2 HAAZFAH L HBEROEEERS

A EEN e BB THAER
B L i) % —JKY) Z-Phe-Arg-MCA R ATRIRH)
SfERe (B 3) . HAEHM L /B TWIIE, 68
BB RE P2.P3 7 E R G K EERE
HEARER" . S He B A P B Ak it g 41
HEEM L JAB/K % Z-Phe-Arg-MCA , R B K
FRBMEIEHAE AW L RGBSR E™
AP HAE AR L SR L. THRE
HME B B&—M)RY) Z-Arg-Arg-MCA ZHREH
B H {) & —HRY Arg-MCA LI R RE QML —
K Y Boc-Gln-Ala-Arg-MCA B BH — &%
FEH KRR, e A —TE Rk B IR H R 1R Ol
THREGHE, REEARHRPIEHAEH
P L, /3 Sepharose-6B BEHE— K EHT i I 4G
HHEER, EAHAZEOME LD LHERN
97.6% ,F PR RBIR 20 A D B A S E 0B

B.H DI K RE A
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22501
E.2
S5 200 .
=P '
22 150} /
§ S 1007
= S,
S gt //
0 & 7
0.0 0.5 1.0 1.5 2.0

WeSF /(mmol/L) concentration

B3 ALFEAH L EBHENAES R EDHEHEE

Fig.3 Activity of cathepsin L in L, on various
synthetic substrates

BEAPH SEEN Yo BEI VB
RS SR AN LB TRER™ , £RPA
T AR E AN L AR ERE pH 0y 5. 5,7 pH
EEPHERY 6.5 ~ 7.0 WEINKR RA B R M
{E8, AN EEMER 35% (B 4) . RELMIA
BRWZMEERE S 45 T(ES5), X58K
He B ek py RO A UE I L — B i R R
W45 43 H KA AE LA 50 T iR 40 ~60 T
Y R P, BRI 2 4 30 B o R B T pHL IR AR
RERREENAREOM LRTRETSS
BER R IEFEE B

BER F MY RGBT E-

64, IDA } leupeptin (5ZAKER) H/ERT , ik 2
WEHERE HFERIE R Ly P ERNABAAE R
B L 5 s AR R iEdE (R 1) . MAEHE
BOE R AN B9 DTT F1 EDTA ERREB A B2
L. MENEAR LG, Eh2aREARD
B9 STI WIXFHE & h AT ABE L B9 5 H%
HHHBEWRER, U LSRN SR HAESHE
B 2f e SRR U B BB ARAE , R L 0 R BEE R
R REAM,

Z100r X
2= 90F /
80F
70+ ¥
60t
50F &
400 \
40 45 50 5.5 6.0 6.5 7.0
pH

B4 ARAZEAELEBELTAE pH THHENEE
Fig.4 The pH dependence of cathepsin L
relative activity in L,
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Fig.5 Temperature profiles of cathepsin L in L,

*®1 FAEBEHER . EWEFNHEREAR
AAT|AR L AT REER
Tab.1 Effect of inhibitors and activators on the
activity of cathepsin L in AM and L,

k0l BE o NEhaER 4AREAE

inhibitor/ concentmtion (%) B (%)
activator AM Lo
control - 100 100
E-64 0.1 mmol/L 0 0
Leupeptin 0.1 mmol/L 0 0
IDA 1 mmol/L 1.75 1.86
STI 0.1 g/L 108.76 101.39
EDTA 2 mmol/L 114. 84 111.84
DIT 2 mmol/L 263. 48 258.69
EDTA+DTT 2 PmoVL+ 249. 42 213.47
2 mmol/L




340 K = % #

34 %

BB B ) BB P R AT B R B X
REET BN BAN —H . BANXEY
T BEEER B WS RN SR B DR IEAE
H—BHT,

3 45k

REBRENEERAHATEAME L EH
g BEmBESIRE AL 0, BT PR Eg S
o BEHER 97.6% , RHHAE AN L W AEREA
HREAFEASEER, BRAATEABLA
RS LB ERER HRBUL R  H FALE SR R &
Bro FNBEREZNTIE BT ie M MR A T A R A M SR
TR T XM USIRE ARG SRR
H PR IRAH N E H B, XM R BRI B
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Studies on cathepsin L in the surimi of southern blue whiting

HU Ya-qin, YAO Yan-jia, CHEN Jian-chu "
(School of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310029, China)

Abstract ; According to the conventional method, actomyosin was extracted from the surimi of southern blue
whiting ( Micromesistius australias). After Sepharose-6B gel filtration of the actomyosin obtained, cathepsin
L activity was monitored in each of the fractions collected. The results showed that the activity values in the
actomyosin samples were much higher than that in the washing water, suggesting that cathepsin L could not
be removed completely during conventional leaching and still remained in actomyosin sample. Further
purification of actomyosin by dilution-precipitation could not remove cathepsin L effectively, indicating that
cathepsin L might be dissolved together with actomyosin in the presence of high ion-strength solutions. The
profile of the gel filtration showed hat the main peak of cathepsin L was obviously separated from that of
actomyosin, suggesting that cathepsin L was non-binding with actomyosin. Fractions that showing the main
peak of cathepsin L were pooled to be called L , partially purified cathepsin L. L could strongly
hydrolyze Z-Phe-Arg-MCA, a specific substrate for cathepsin L, rather than Z-Arg-Arg-MCA, spcefic
substrate for cathepsin B, nor Arg-MCA, substrate for cathepsin H, as well as Boc-Gln-Ala-Arg-MCA |
substrate for trypsin and trypsin-like proteases. The above results indicate that L ;. was a crude cathepsin L.
Cathepsin L specific inhibitors, such as E-64, specific inhibitor for cathepsins, and leupeptin, inhibitor for
both cathepsins and trypsin-like proteases, could suppress the activity of L, completely. Activators for
cathepsin L, such as DTT, EDTA + DTT, could effectively improve the activity of L ;.. As a result, the
effect of activators and inhibitors confirmed the partially purified crude enzyme, L., to be a thiol-type

mix *

cysteine protease. The temperature dependence and pH dependence of the activity of L, were also

investigated. L, had optimum temperature of 45 C which was right in the temperature range of modori
phenomena. L had optimum pH of 5.5, but kept high residue activity near neutral pH, and the pH range
of surimi processing, suggesting its high potential ability in modori phenomena.

Key words ; southern blue whiting ( Micromesistius australias) ; cathepsin L; leaching; inhibitor
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