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Summary

Cathepsin Bl [EC 3. 4. 22. 1] from the liver of squid, Ommatostrephes sloani pacificus,
was purified by the following steps: homogenization, ammonium sulfate fractionation
(30-9809, saturation), DE~23 cellulose column chromatography at pH 5.0, CM~23 cellu-
lose column chromatography at pH 5.0, gel filtration on Sephadex G-100, DE-23 cellulose
column chromatography at pH 6.8, isoelectrofocusing (pH 3.5-10) and DE-23 cellulose
column rechromatography at pH 6.8. The purified cathepsin Bl gave a single band on
polyacrylamide gel electrophoresis both at pH 4.3 and pH 9.5, and had an isoelectric
point of about 5.7. The molecular weight of the enzyme was determined to be about
18,000 by gel filration on Sephadex G-75, and was also estimated to be about 20,900
by SDS-polyacrylamide gel eclectrophoresis. The optimum pH for the hydrolysis
of a-N-benzoyl-v-argininamide (BAA) and o-N-benzoyl-nr-arginine-2-naphthylamide
(BANNA) was about 5.0. The value of Km for the hydrolysis of BANA was estimated to
be 2.17 mM at 40°C in 0.1 M acetate buffer, pH 5.0.
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7z cathepsin Bl D475t (J425,000) XU /NI BHTFREBFTHTHAH D LRI, Fl
BDA BTHB Y U 47, Dorytheuthis bleekert,  JFIH & Bl X 172 cathepsin Bl {3#413,600
DHFRAEFT DT NP S icEhi,

=2 A4 91, O. sloani pacificus, DIFIE®D cathepsin B O AMEEIEIAd % C & 3B RINE
SO S EHNEEB EHI NI, D cathepsin B iF, WY K HBITRBEHE LT BAA ©
B N2 72T, cathepsin Bl » B2 AR CH -7 L, L ZOLTREFNHTH -7, &
W BT, Y WEEI N EE LR LSS S, cathepsin B ORILETTS & & b

JifE s /e cathepsin Bl 02 30 B R MIEE T OO TH A~ RE KT 5

2 B A FE
B =2 191, Ommatostrephes sloani pacificus, OIFIEITREGRUE (3 o iitEd,
BHTRETT -7 70— —hRBEFEINT.

a~N-benzoyl-L-argininamide » HCl (BAA) & «-N-benzoyl-bL-arginine-2-naphthylamide-
HCl (BANA) it v 7 Biesths (KB oA N, bovine serum albumin (5% 5)
X Sigma Chemical S5 Shfz. CM-23 & DE-23 cellulose {Z Whatman #HO G TH - 7.
Sephadex G-25, G-75 & G-100 {3 Pharmacia Japan 7/ 5 A S 17z, Ampholine (pH 3.5-10)
2 LKB L2 51 shic, A HEN (UM-2) &+ (UF-202 & UF-12) 1 Amicon Far
East i ot ohic,
BAA MRS RESEMOER 2-mercaptoethylamine D fEYEF T cathepsin Bl L0 B2 itk »
T XN D BAA KM B W THEERT 5 7 v = = 7%, Weatherburn O i
B THREBEEHE, 625nm KB APSLHEORMMEZET AT LKk > TER LA, KGR
AU, 100p] ORESEHE, 40 mM 2-mercaptoethylamine, 1.0 mM EDTA - 2Na, 25 mM BAA &
K01 M EEERR R, pHA45, DORYD, TOARBERE 400ul Th-72. 7 r==7 O
g, BRI & LT ammonium chloride 2 H TR/ HEkICk » TEK Sz,
BANA MAKAREEEDER L-cysteine OFFET T 30°C I BT cathepsin Bl 1Tk - THi
BEh B BANA MAKSMEERIC BT AT B 2-naphthylamine %, Barrett O 5 ok - T
R, 520nm KB AMNCEORINEMET A itk »TER U, RISRAEIZ,
500 OFE#HE, 1.46 mM L-cysteine, 0.73 mM EDTA « 2Na, B & 08 0.1 M B, pH 4.5,
DOKD, TOEERIE 2.05ml TH -7, FMEIEIE, 2-naphthylamine 2 £1¥88 UCH W
TR/NZERICE » CHERE .
RYNRIEREOER 2 0 7HOBER, 280nm KB AREEAIETECEICE-T,
Wit Hartree!® itk - TilgB i Lowry SO TH -5 T, bovine serum albumin #*
BT E UTHOTMET A Stk > TERSh .
RA-AE FFREOMRER, UM-2 B4 ABE L NE L v (UF-202 i id UF-12) 20T,
3.5-4.0kg/em® DEWEF 2 CTMAELEH STk,
RUYPOYNLTPIRFLBRRE RV 72007 FAVERKEIE, 1585 vEHNT pH
4.3 & pHO5 IKBINT, Davis O F#® K- TiFbhiz, BETFAHF L 1EHEYD 4mA O
ERWEEETHC LI ST, FARBMENIE 0 BEKEE, kB, Frdo
2 vy Hig, Diezel 5 D7 ITHE - T0.25% coomassie brilliant blue G-250 # T Hef
Ehiz.
HAEIRE MHEz s HOBSBEAKRINL, pH3.5-10 © pH &4 5 £ 5 ampholine %
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JBNTHib . Vesterberg DI ILH-T, & 55 L 1.0% glycine 1AL S M i sk
7%, 0-409% sucrose (EMMYILEEAER) & 1.0% ampholine % 4% LKB HAERKE S 5 &
(110 m)) T, 400V T 68K BT 3 ¢ &k - THkBy S W7o, B, » 3 2 THBEH
vy B 25mlFORM I, BONIBET IS v a VICDNT, &2 vy TR EE®
B KU pH OMlER1F - 72,

Cathepsin B1 O3 TROMUIC B 5T~ TORMII 5°C cHbhic,

FLIERE WM = x4, O.sloani pacificus, DIFRE (% 6kg) & 0.9% NaCl £4r0.1
M FERRAERN, pHSO, ZHNT Y —) v/ 7L E ~RTheE DV F 4 A LI, ZORET 3 — b
N —XEMOTHBLEHE, 20 A% 8000Xg T 205 MM Ui, 20 kili%, celite
535 & standard super-cel %& 2@ HiBI# & UCHOTREI A LI, 2B THED AREM
HERIR &P A2,

BB WROB  HERRBOCE AR BRI HEEE LIS 2 S A TR0 SRR & L.
TORGWE 2WHEER Uct, BUTA% 8000xg T20 ARELSMT 2 LKk -
Rk lice €O LIFICE SWICHREMATIOR fafi s Lic, Z0RANE 2 B E Lk,
8,000 xg T 205 ME.OAHE L, BOhALTAZLERDED 001 M EigEEE, pH5.0,
WM UTc, COWmIEH 5 Lo 0.01 M EEET, pH5.0, TFHFk LT 7z Sephedex
G257 35 4 (9.0x43cm) ERANWTHF VBB 5C LIk T, BEEDSDOREE 0P
’fi’ﬁo 7.

B3 DE-23cellulose 1354003 b05 7 40— HE2ERMOBERY, 0.00 MR
HHe, pH 5.0, TEH{L L TB Iz DE-23 cellulose # 9 & (47x40 cm) i@ L. J&wnc,
FREMUBEHREZHLT, 27 2 ESIhR 02 vy HEEH S, WEShics v

7HEOBRME, Bl PO NaCl O EE0.3M & 1.0M LBEKIc L Cifbhi. Fig. 1k
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Fig. 1 DE-23 cellulose column chromatography. Fig. 2 CM-23 cellulose column chromatography.
(4.7 X 40 cm) (4.7 43 c¢m)

1. 0.01 M acetate buffer, pH 5.0
I1. The buffer containing 0.3 M NaCl
II1. The buffer containing 1.0 M NaCl
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FDI7u= 5 A THB. cathepsin Bl D H 5 22Ky UTHE B U7, cathepsin B2
B 5 aitlkasdh, 0.3M NaCl 247 0.00 M FEERBHE, pHb5.0, TR LTS/,

AR CM-23 cellulose 15 Ao 0T b5 74— WIBWTHShe BANA ks
EHEATD 757 va vEHEDT, $5m 0D 0.01M B:iEER, pHS50, TEH/ELLTBL
7o CM-23 cellulose 1 5 & (47X43cm) WHEEBERM U, 75 2 IKBHEI g v 7 HiE,
0.3M & 1.0M NaCl 241 0.01 M g, pH5.0, 20 TEEMICGEIIE /. Fig. 2
2ot cs — 2 Thb. cathepsin BL @ BAA WK iEHEL, 0.3M NaCl %43 B0k
THEBEINTE R 75 7 v a YIKBHENZ, ThoD 75 7 va vZ2HHT, BAABICE -
Td L,

555 ERME  Sephadex G-160 [ KB4 AE WEBRMCHONIIRIEE, Ho00H 02M
NaCl 241 0.01 M BEER MR, pH 5.0, T {k LCHB v Sephadex G-100 # 5 & (5x130
cem) KHEML, AUBEHEEZROTLAEICE > THEB UL, 2Ol <2 —v% Fig. 3 KR
3. BAANUKAMEEET T A2 757 va >y (FHF66-100) 2EDT, WA AMBICk - Tl
Uiz,
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Fig. 3 Gel filtration on Sephadex G~-100. Fig. 4 DE-23 cellulose column chromatography.
(5% 130 cm) (3.6 %30 cm)

56 DE-23 cellulose WS A O Y57 — WEWTHONKLBEEEE 001M
y CERIBIEE, pH 6.8, ICF(L L7ct:, R UBIHHICFIE/L LT B\ 7z DE-23 cellulose # 7 &
(8.6X30cm) IKHM LT, B 5 2% EROBIHE CH48E, MHED Asonm #50.1 BT -
THD, 77 2SS hIzx vy B4, i ® NaCl 5% 0-06 M % THEMMIT LIFT
wilE g/, Figd 3207 u= 75 4TH5., BAA AN REREET S 75 7 v a v
(FH 85-105) HHHT, WHAABICE - THERH L.

BTN AABIKE WERETHONLHBRRERAABICX 5T 1.0% glycine 1
LU, MIROBIECD LT VT, TOMKBREHLBRIKT I, 77 290 pH Atk
EoTHMENI s v A 25ml SO5M LT, Fig. 5 KEDOFREERYT. BAA ks m
EHEETBE 777 vay (BF16-24) 240T, o U0 001 M v o EEf%, pH6.8,
EHE LT Bz Sephadex G-25 1 5 22 FWTHF Vv AB L.
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Fig. 5 Isoclectrofocusing (pH 3.5-10). Fig. 6 DE-23 cellulose column rechromatography.
(1.7x 6 cm)

5 8 ERME DE-23 cellulose h3 LB/ 0% b5 7 4 — BB CHRE LI NI ERE,
0.01 M v »E#ilig, pH6.8, Ik LT/ DE-23 cellulose % 5 4 (1.7 %6 cm) CH 0
Ltz 7 7 272 [/ DRI Tk - 7%, B O NaCl i3 % 0-04 M F TERBINIC L H
S5, WHEENIc s vy BOBEMET -7, Fig. 6 3207w~ 177 4 TH5H. BAA ks
WIENZHT 275 7 v = (FH5134-136) ZHDT, WA ABEICK - THEEHE L.

& £

Cathepsin B1D #8553 B IcBWT, ML E pH5.0 © DE-23 cellulose AT 2
w b Lok, Fig. LTl o s &5, BAA X 0 BANA Z /K44 % cathepsin Bl {25
5 L& EMY Licat, BAA OBENMKG T S cathepsin B2 (34 7 2153, 0.3M NaCl
Zodr 001 M BERE I, pHbL0, Ick » THEBE N, CORBEYTICEHEENS cathepsin
Bl i3, CM-23 cellulose #3227 w~ 1757+ —iCk-Tiltfishsz, Fig. 3 iKilohb &
51z, Cathepsin Bl |4, Sephadex G-100 77 5 24k 3 A@ITHB T, # F £ D void volume @
W2 fEDMEIElEdN. CoEBEE pH6.8 T DE-23 cellulose 2T 7 w= | Uil
Fig. 4 KH 6N B & 51T, cathepsin Bl (Z DE-23 cellulose g5 &, 0.01 M ) iR,
pH 6.8, 1 NaCl J1JE245 02 M Tixth aicds, BAA MUKAGMIEHED ©— 2 &2 ¥y B D
FNE—F LD T, ZOMERERABLIKIEICE > T3Sk, Fig. 5IciS
NAEIW, 22002 7O~ 7 BESNIcH, BAA kS ERO v — 71, L0
Wpl fizxdbox v s Hoe—-y L., ZOEWN 75 7 v a VOMEERY T 2 Y AT
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LR BERINC K > TR, RIS —RDO & v ) HD N F DB < B
BERNF—AD Ny FRERING., 20iE7 7 7 v 2 »%& DE-23 cellulose #5427 =L
75 74—tk > THESM LIS, Fig. 6 KRonB LI, =204 V¥ HD =78
I%AW*%M%W@E—&&~ﬁbt.ﬁ%,%%ﬂﬁm%ﬁ%%%%%@WEMTmblm
i&bEﬂfwé.C®%ﬁKBPTW%%%®ﬂE@50%T%at.ﬁ%MKMﬂéhk
cathepsin Bl £2/1%, Fig. 7iciloh s L 5ic, pH43 & pHO9S5 L itBWF A FKEIT 7 )T
3 R ABEKINTBNTH—D & v Ny PR R

Table 1. Purification of squid cathepsin Bl.

Traction Total Activity Specific Activity

(nkat) nkat/mg
Extract 17,292 0.44
Ammonium sulfate 12,283 1.31
DE-23 cellulose 8,604 2.79
(stepwise)
CM-23 cellulose 6,167 3.59
(stepwise)
Sephadex G-100 3,404 5.06
DE-23 cellulose
(gradient) 2,331 7.77
Isoelectro-
focusing 1,147 12.4
DE-23 cellulose
(gradient) 870 13.2
16k
Cytochrome C
J Squid Cathepsin Bl
‘ v Sagittated Myoglobin
. ‘ % | Calamary Cathepsin BI
;
L2k
Ovalbumin
f 1oF
g s H L 1 L i N
4.0 4.2 4.4 4.6
Log{MW)
Fig. 7 Polyacrylamide gel clectrophoresis of Fig. 8 Determination of molecular weight of cathepsin
purified cathepsin Bl. B1 on Sephadex G-75.

The protein solutions were applied to a Sephadex
G-75 column (1x103.5 cm) equilibrated with
0.1 M acetate buffer containing 0.4 M NaCl,
pH 5.0, and eluted with the same buffer.
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Cathepsin B O#H Fig. 8 i3, ¥ SN ic cathepsin Bl M4 7% Sephadex G-75 #

74 (1x1035cm) ZHITHNEBERLTNE, 24 71, O. sloani pacificus, O T
P58 5N 7 cathepsin Bl D4 F1 1345 18,000TH 3 LfEsES Wiz, %42, SDS Y 727 ) o
TR R VELIKENC & - T cathepsin Bl 04 FiEFH kiR A, Fig. 9 oRd. fiuEx v
7% 7 B % X U cathepsin Bl @ £ B (Mobility) & 2h oD 2 v s HO AT RO AR ED

Fig. 9 Determination of molecular weight of cathepsin
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Bl on SDS-polyacrylamide gel electrophoresis.
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Fig. 11 Lineweaver-Burk plot of BANA concentra-

tion against activity of cathepsin Bl.
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Fig. 10 pH-activity curves of cathepsin Bl

against BAA and BANA.
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. 12 Thermal stability of cathepsin Bl. The
enzyme solution was preincubated for 60
'min at a given temperature at pH 5.0, and
the remaining activity was measured.
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Moo MED 5, cathepsin Bl O4FR 1341 20,900TH 3 LiftgEshi,

Fig. 0 A on B k5ie, Mit& i cathepsin Bl {2 pH4.5 MLED M IR S hrz o
BAA Ok Al Uic i, BANA Okt LT pH4-65 OREIRTlmEER L.
BANA o fii/k Rk 45 58 pH 350 TH » 7z, ,

Fig. 11 lItjRr& N 5 L 5 i, cathepsin Bl @ BANA # k5% Lineweaver-Burk @ 7' v

FICHE - TYER LT~ 7ok ith &, 40°C T 0.1 M BRERSGET I, pH 5.0, & W S48 F T,
cathepsin Bl @ BANA %9 % Km i3 217 mM ¢H 5 M s hic,

Fig. 12 KA oN 5 kS ic, Wil&hic cathepsin Bl 13 pH 5.0 THIRJE T 6040 ik i S 872
H, cathepsin Bl {1 30-50°C Qi C#RETH -7, 50°C P LOBEETZOFE % - /2.
%72, cathepsin Bl i & 5 BANA MK RICEIT T IREDHIICOWTHT IR, S, £0
i EEE 40-55°C CH » 7. Flz, &N cathepsin Bl 3, 54 — bSO Ima T
T, —20°0C BN THH ARETH 2.

2’

& %

WS wiikahicx i, Aar 45, O.sloani pacificus, DIFIED cathepsin B {20
WOMEED 5% S5hic cathepsin BL (M. W. #25,000) XY d/Mh& L, 204 FRIZED myo-
globin (M. W. 17,800) ICIEWETH A S i ahiz,

COWRITD EFNT, MEEOBI - BHIC, BH O Y IC Sephadex G-25 itk 3 4 o
Al LA ABIE, UM-2 (G55 1,000 8 LOSF2 05T 5), 20 3MAABEEEHL
1.

HLEE 2 DE-23 cellulose 71 5 2 & OT pHBO KBWWTHHUIHENLS, 214450
Wil Hiic it BAA & BANA Oks % il 4% cathepsin Bl & BAA @ 2% 7k 4>
4% cathepsin B2 BFENTNWT, TS EERASHEIN S T &S hIC -7,

I MBEZ T R v 2 A @ cathepsin Bl @43 F 513 Sephadex G-75 12 & % # v A58 1C
£ - TH18,000 TH B LHfEEdhic., LhLEAS, SDS-#Y 77 )y A7 2 P& ABEKIIC
Lo TEDHTREF~IHER, Thidi20,900Chs LEHa Nk, 2O SDS-Ey) 77 )0
TIFFAVBREKBICE - TR XV HDGFRERDBME, NERE VNI EBRUHY) =7
F (M. W. 15,000 LLF) BREZEEZTEDT, ThoOHTFREUTET B, Z0msss
KELIEBEHMESNTNEY, 2024 7 OfF M SRS N cathepsin Bl 13, 4 Tic+
Y 4 A, Dorytheuthis bleekeri, DTl o B ST % cathepsin B1 (M. W. #513,600) X b
bHPRED T,

WL DHLELD cathepsin BL @ BAA % & U8 BANA ik AMRZIC 53 5 55 pH 12 6.0-6.2
THoTedf, ANk A S D cathepsin Bl D ZNEH5.0THY, + Y 4 7D cathepsin Bl O
i pH 45" IGEWETH » 1z,

AR 4 % D cathepsin Bl O E L, v Y 4 & D cathepsin Bl O%EL (p16.8)Y kb

%<, 5.71‘%0?’:.
- AN 4 D cathepsin Bl @ BANA Jiksific g3 Km fi{lz 217 mM ¢4 D, Yy 4H
@ cathepsin Bl @ Km i (14mM)* {GEWMEER Uz, 2hoo Km i, F0RFHEH» 55
Sz cathepsin Bl IKOWTHE SN Km i CH 5 20 mM? XY 72 D INS IS TH » 72

CNODOREP D, AR 4 N D cathepsin Bl DIEIL, ¥ ) 4 1 D cathepsin Bl ®2h &
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BRL T8, WAHYHOUMO cathepsin Bl O ZNEMH D RoTI 5L & BT -
7o, 3B, At 4 AD cathepsin BLIZVY Y 4 2 cathepsin Bl &RIMIC, 48 cathepsin Bl
DAREDOOTHRT B DORBE LT, WHBWOMEED cathepsin Bl X b & <Shain
AEEDbNS,

i) B

AN RF AT, Ommatostrephes sloani pacificus, DIIF i & cathepsin Bl % Fil D fE : &=
VI AR, MR (30-90% FaF) , DE-23 cellulose # 5 57 v } 75 7 4 — (pH5.0), CM-
23 cellllose # 5 47 m= 2574~ (pH5.0), Sephadex G-100 {c X 3 # 1 A3y, DE-23
cellulose 7 5 27 mu< 1757 4 — (pHE.8), fEESAKD (pH3.5-10) 3 X (£ DE-23 cellulose
AF7LWru<r 7774~ (pHES) Ik > TR L/, Mil& iz cathepsin Bl {1, pH4.3
EPHOS WHBYBHY 77 ) A7 3 FAAVBRKEINC BOTH—D N pEELZ), &2, %
DOEFHRIS pHOT W ZQHHAEHA L. TOMEDOHFIZ, Sephadex G-75 KK L 3 5 v 5t}
Wk ->T#18,000 THAB LHMEESN, T/ SDS-KY 72 97 3 FAAMUEGRKIIKE 5T
#120,900 TH D &iii&d . a-N-benzoyl-L-argininamide (BAA) & «-N-benzoyl-pr-
arginine-2-naphthylamide (BANA) @iz fRIT %3 % il pH 134 pH 5.0 Th - 72. BANA
MRS WIS % Km fifild, 0.1 M BERRREMEHE, pH 5.0, T 40°C iItBW\W Tk 217mM TH 5
Eriliahic,
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