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Sammary

Cathepsin A from the liver of squid, Ommatostrephes sloant pacificus, was separated into
two active fractions such as F-I and F-II on CM-23 cellulose column chromatography
of the crude enzyme solution. Cathepsin A (F-I) was further purified by gel filtration
on Sephadex G-100, isoclectrofocusing (pH 3.5-10), DE-23 cellulose column chromato-
graphy and isoelectrofocusing (pH 4-6). The purified cathepsin A (F-I) seemed to be
homogeneous on polyacrylamide gel electrophoresis and on ultracentrifugal sedimentation.
Its sedimentation constant (S ,) was 7.94x10-%¥, and its molecular weight was
estimated to be 100,000-105,000 by gel filtration on Sephadex G-100. From the UV-
spectrum of cathepsin A (F-1), Ei%%,... was calculated to be 17.3. Cathepsin A
(F-1) strongly catalyzed the hydrolysis of Z-Glu~Tyr and Z-Glu-Phe at pH 5.0. The
values of Km for Z-Glu~Tyr and Z-Glu-Phe were 1.8 mM and 2.8 mM, respectively,
in 0.1 M acetate buffer, pH 5.0, at 37°C. Cathepsin A (F-I) was strongly inactivated
by diisopropylphosphofluoridate (DFP) and also inhibited by N-ethylmaleimide, PCMB
and 5,5 -dithiobis (2-nitrobenzoic acid).
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A A A4 J Ommatostrephes sloanti pacificus, ® FED 5 3 HH O cathepsin A (F-D), (F-1I-
A) & (F-II-B)” REMEh, £72+v Y 142, Dorytheuthis bleckeri, DT 5 cathepsin A
(F-D & (F-IDY #ilEhic, ChoomBicd &T0T, 4 2 HDNFIEHIC cathepsin A &
BRI THEELTCHNBE EELZ ohied, Kisu 67 L -2Ta vt 4 I DO cathepsin A
& UTiE catgepsin A (F-D ICHM T B3HEOSBIFELTHT, B0 cathepsin A (F-1I-A)
& (F-II-B) (& cathepsin A (F-D M5 LIk > THEBRINTLKBAMETHSI &I
AR R I i,

COMMERLLENT B 2HITIE, cathepsin A (F-1) 2R84 308 8H 5 EHL SN,
AKEEITBNTIE, =24 DD cathepsin A (F-1) O & 204 SOTRIT 5.

£ B A E

1. &R

2z A A4 J1, Ommatostrephes sloani pacificus, O FFRRISERAGE (B »Sdesh, 1
ENBETCFT 4 —~F = 7 —y—ICREFESh.

BB X RS F S, N-carbobenzoxy-a-L-glutamyl-1-tyrosine (Z-Glu-Tyr),
N-carbobenzoxy~a-1.-glutamyl-L-phenylalanine (Z~Glu-Phe), N-carbobenzoxy-a-glycyl-1.-
phenylalanine (Z-Gly-Phe), N-carbobenzoxy-a-glycyl-L-leucine (Z-Gly-Leu), N-carbobenzoxy~
a~glycyl-L-proline (Z-Gly-Pro) # & ¥ Benzoyl-a~glycyl-1-lysine (Bz-Gly-Lys) {34 » ¥ 7 H
PR 2 (KR »OoMA I, Human y-globulin, bovine serum albumin, ovalbumin,
chymotrypsinogen A & cytochrome I3 Schwarz/Mann #7515 54172, Ampholine (pH 3-10)
& (pH4-6) 12 LKB OB G TH 7. Tosyl-L-phenylalanine chloromethane hydrochloride
(TPCK) &8 4% (Bk) »» &, Diisopropylphosphofluoridate (DFP) 14 Koch-Light Laboratories
hoENFRAZ NI, CM-23 B L& (8 DE-23 cellulose {3 Whatman HO8GTH - 7.
Sephadex G-50, G-100 {3 Pharmacia Japan #5518 57,

2. Cathepsin A EMOER

Cathepsin A D #1E1Z, Z-Glu-Tyr QMRS HRIC K - THR L7z L-tyrosine %, Moore 510
DOFHHIT L - TRE SN2 Ninhydrin {32 H0T, Iodice 59 ORIt > CTER SO,
TEHEIE D AR, TTHEY KEEIhic kiR LTtH 7.

3. AV OWREOER

F oy HOBER, 280nm KB AWOLEZIET 5 C LILK T, ®iidE S bovine
serum albumin 2 ¥ & > ey B & UTHNT Hartree'® 12k » TR &N Lowry 5 OF
FRICHE » T 660 nm B D POLELMET 5 C &ick » TERI O,

4. B 58 :

MR OB, PM-10 B A8 L E -+ v (UF-202 s UF-12) 2 H0 T, 3.5-4.0kg/
cm® QEHRT X TIMELEHSFTFhhl.

5 SRUPOZYLTIRSLVBRXE

RYT I YT FFVBRKENL, 7.5% 5 BT, pHA3 & pHO5 I2 51T, Davis®
DOFECHE > TiTbhic, BETF v 5 4 1AKMY 4mA OEBHKEBBT S LIk -,
FUBEMENT s o0y k&S, kB, SO s 29y BT Diezel 5 O fkic
B - T 0.25% coomassie brilliant blue G-250 % T #ffa s hi,




RRYE - AT © A% 4 1, Omimatostrephes sloani pacificus, DD Cathepsin A (F-I) O 39

6. BEDRE

Spinco model E ##.04% LT, 20°C 18 BT, 5k 52,640 rpm THlE & fuiz®

7. Cathepsin A (DEAY

i) #tH A2 A4 H, Ommatostrephes sloani pacificus, OIFRE 1 kg %, 0.1 M AR 15K
(pH 44,0.9% NaCl 2 44) 21 2Ty — ) 7 « Lo —fhthed+ 4 X L., 20
FET A — N —€TAHBUIE, HEHLEBC IS BHIT, A% 4°C T 20 % ®
Ufc. 20 AHEELHEE (10,000X g, 15min) L7k, S0 F - — 7 RICIEE, WE&itkT
BB, ZOMBEBDT, Celite 535 & Standard super-cel % A:B#iM# & ULTHWT
WMol ABWT B EILL T, HREOBWILAELET,

i) WMZRAB  LEOAWICEARRE ML TOBHREM Lo, Z0RAHE 4°C T10
R U7, B U2 CAMERET B dicaOs i (10,000X g, 15 min) Lz, 20 L%
ICE SICHERME 2 MATEOBRANC Uic, LU TAYERLABICE - THEDT, 001M
Mk R 7Y (pH 5.0) iTia MR U, Visking tube ($36/32) i CR UMHERICK UCTEN Lic. BT
PGB L TAZRET B0, £ORIERELNE L.

ili) CM-23 cellulose S A2 OT TS5 7 4 — R cHohciiiiike, bobh LD
0.01 M Feie #1034 (pH 5.0) 1T L LT H 7z CM-23 cellulosel s 7 £ (5.0% 30 cm) IKZHM L
o, A5 L ERER UBEEER TR - cth, NaCl CHBEEZBRMENICHDTHRIBEZIT-
7z. Fig. LICZ DM ¢ 2 — v %73, Z-Glu-Tyr 2K 5 EHE, 01 M NaCl & 04 M
NaCl czhxhigidhicr 5 7 v vichkibdhiz, g4 F-1, #8385k F-I0 &FAKE. £
@ cathepsin A (F-I) 13 UM-20E B4 A8 (475 20,0000 LD & v~y BE{igdT5) =
HAOTHEARBT B LIk > TS O,
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Tig. 1 CM-23 cellulose column chromatography.

iv) Sephadex G-100 ([T Xk B 4L AR BB 1T BT i 3 iz cathepsin A (F-D) M
Z, HoHLH 02M NaCl 2&Er 01 M B:EREHK (pH5.0) WFHiL L TH 17z Sephadex
G-100 # 5 & (5x120cm) @MU, LEER USHR%E, 2ml/cm’/hour OiE#E T, LA
BMUTHHM UL, 20BHE 4 — it Fig. 2 iKRINTHWS. Hi—0 Z-Glu-Tyr ks sk
DO — 7 HEEah, Fhid blue dextran 2000 Z AT H 54 L3R Shik void volume D
Wl 5iE0RRCHREIh:, BEEE L7 7 7 v a vEHEDT, BRAABICL > TERE L.
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Fig. 2 Gel filtration on Sephadex G-100.
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Fig. 3 Isoclectrofocusing (pH 3.5-10).

Activity (Asqro /hr)

B e Activity (Awo/hr)




F4E - 4 0 2 A B, Onunatostrephes sloani pacificus, DD Cathepsin A (F-I) OHF8 41

v) HRERKE (pH35-10) BTl 57z cathepsin A (F-1) i#i% , 1.0% glycine
X LT BT 5T EiCk - T PHML L7z, Z2DRE#ik%, Vesterberg® o J5ik (T -,
ampholine (pH 3.5-10) & sucrose % i NTHM L THIeHh 5 4 (110 ml, LKB) iz L7z,
B 7 6 0-2°C IO LIS A5 5, 400V T48M R4 5 C L0k » THER T D 2 vov 0 B %
HRAN U, B, AMINAET7I 2 v (25m) & pH, # v 2 EIBE (Assons)
& Z-Glu-Tyr MK RIETEZEWE L. 2D 24 — > id Fig. 3 IWRE N TS, pH45-4.8
Bficaildhier 57 va vROAB, 2D~ 2—3% LT, Z-Glu-Tyr Mk RiE
Pl s N, HHEA LI 75 7 v a2 VAEDT, 5009 001 M BEETHE (pH5.3)
I {k LT 31072 Sephadex G-50 7 5 4 (3% 30 em) ICHA L, [l LIEIGEAE T F 0 5l
U7,

vi) DE-23 cellulose 5 60T 57 4 — BBEE TH: S5 N7z cathepsin A (F-I) &
WE, 55 L® 0.01M FERBEE (pH5.3) ITEHL LT H L 72 DE-23 cellulose # 5 4 [0
MU, NaCl CHBEEZBEBMICHEDTHEHN L. Fig. 4 320 s7u< 75 4TH5, Z-Clu-
Tyr ks s, 01M NaCl 2 5L B ciaHIhic 7 7 7 v a v ichii s hik.

0.01M Lr-— 0.01M Acetate buffer __)I(_().OlMAcetate buffer_?{
Acetate | +0. IMNaCl 0. 3MNaCl
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Fig. 4 DE-23 cellulose column chromatography.

vil) HABRIKE (pH4-6)  AiBH CH S o Kk UM-20E 20Tl L, 1.0 %
glycine i3 UC-H4 &N Uiz, £OME#ik%E, pH4-6 OHAD ampholine 2T, WHiilo
FHEIC X - CTEBESI U, Fig. b B2zt 2 —rcHs. Z-Glu-Tyr k4 migko
e 732 R HO -7 SFE-H U, 2 s BO DB BFEBED SRk,
755 va YEBEHFIISISE TOEHSEHEDH T, Sephadex G-50 # 5 £ HNTHA8T 5
T &tk - T ampholine & sucrose 2 U7z, B oNfE &% cathepsin A (F-I) &L T
Mt
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Fig. 5 Isoclectrofocusing (pH 4-6).
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cathepsin A (F-I) ORIk - T, fEMIT 5.8mg D¥—171 cathepsin A (F-I) # 51,
ZFhid pH 5.0, 37°C It BT 1 T 924 pmoles/'ml @ Z-Glu-Tyr & /KBS BIEEEA

Fig. 6 Ultracentrifugal sedimentation pattern of cathepsin A (F'-1).
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Ufc. ZOMEMHOIUIRE, MHMROBEELIEICTE L, 0.26%TH - 72,

IO X N7z cathepsin A (F-I) @8y 72 ) o7 2 NP ABERIKBICE —TH - -
DT, IoIHEMEBELE-T, Z08—tH~i:. Fig. 6 13583 52,640 rpm KB 2
hifos s =D 1> TH5. cathepsin A (F-I) BH—Re—s%RL, Lrdbzor— 7 as
BETH -7, SN Sy DHIZT7.94X107° Th - 72

Fig. 7 i3 Sephadex G-100 it & 3 v ABic & B & HEHE L vy T & cathepsin A (F-I) ©
WIHEREZTDH 5 40 void volume EDHAE, Zh o0 ¥Ry DT O% BT L
TFwy b LEMTHS. ZOMRP S, cathepsin A (F-1) @4 F4 13 100,000-105,000 < &
bEfEEINL.

cathepsin A (F-1) O#HRIL= <7 + % EPS-3T B[ 37 [ 54064 BERFE I T HISE L
To#E R Fig. 8 ICRY . £ A <7 } 5 555, cathepsin A (F-1) B, pHBO ITBINT,
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Fig. 7 Determination of molecular weight of Fig. 8 UV-spectrum of cathepsin A (F-I).

cathepsin A (F-I) by gel filtration on
Sephadex G-100.

Azgonm/Aogonm 1 1.50 TH Y, Eif c0anid 17.3 TH 3 LFH S hic,

cathepsin A (F-I) ®#&HE Z-Glu-Tyr & Z-Glu-Phe OEE~X T 5 fhfFEtE%, Linweaver-
Burk ® 7w v FHRICE - THER L CH~ o/ E% Fig. 9 & Fig. 10 R, 01 M BEBEHK
(pH5.0) #T 37°C W3 &4 T, Z-Glu-Tyr OIMKRSBRIGICEB T 5 Km i3 1.8mM ¢
db, ¥/ Z-Glu-Phe DZFhiTB T 5 Km i3 28mM ThH 5 B3Nz, Ric, £EOE
i dipeptide i kICx 95 cathepsin A (F-1) OfEfZEH~~ToiR%E Table 1 KT EH TR
LT3, cathepsin A (F-I) i3 Z-Glu-Tyr 3 X 18 Z-Glu-Phe £ d & koL, 17/KH
T2 100% O KRS BEER Uiz, Z-Gly-Phe OHIKAHEE 17 BT 42%, ¥k Z-Gly-Leu
DENIXB% UbEF LD » 7. B, BzGly-Lys 38X Z-Gly-Pro i LTid&l,
cathepsin A (F-I) e Lk -7z,

cathepsin A (F-I) i3 pH 45-5.0 O T Z-Glu-Tyr ZHE b LS MKRFM LIz, Fi, 4°C
T 18 Wi 4 @ pH ¥ Ui, cathepsin A (F-I) X pH5.0-7T4 O TRETH » 73,
pH74 X0 & pH THBEICRRETH -7,

cathepsin A (F-I) i3 33 M © PCMB OEETC59% MlEsht, £, 5mM N-ethyl-
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Fig. 9 Lineweaver-Burk plot of Z-Glu-Tyr con- Fig. 10 Lineweaver-Burk plot of Z-Glu—Phe con-
centration against cathepsin A (F-I) activity. centration against cathepsin A (F-I) activity.

Table 1. Hydrolysis of Various Dipeptide Derivatives by cathepsin A (F-I).

dipeptide reaction r~Amino acid Hydrolysis
derivatives time pmloes (%)
Z-Glu-Tyr 0 min 0 0
45 min 0.80 20
90 min 1.73 43
17 hr 4.40 110
Z~Glu~Phe 0 min 0 0
45 min 1.01 25.2
90 min 1.83 45.6
17 hr 0 112
Z-Gly-Phe 0 min 0 0
45 min 0.12 3.2
90 min 0.21 5.3
17 hr 1.68 42
Z-Gly-lLeu 0min 0 0
45 min 0.11 2.8
90 min 0.21 5.3
17 hr 1.01 25
Z~Gly-Pro - 17 hr 0 0
Bz-Gly-Lys 17 hr 0 0

The reaction mixture contained 0.2 ml of the enzyme solution,
0.4.ml of 10 mM dipeptide derivative and 0.2 ml of 0.1 M sodi-
um acetate buffer, pH 5.0. The mixture was incubated for
various periods of time at 37°C.  Aliquots of 0.2 ml were taken
from the mixture and subjected to the measurement of the ac-
tivity, as described in the previous papers’®.
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maleimde O FIETF T 57.5%, 1.7mM @ 5,5'~dithiobis (2-nitrobenzoic acid) DT T, 33%,
1.0mM DFP OFHET TO5%, EhFhlRihi,

= 5

AN A A H, O sloani pacificus, O OB E NI HIE LM E CM-23 cellulose 7 5 4
v b 7T 7 4 K> THH LI, Z-Glu-Tyr I LTHEEEA TS 2204 sh,
Z1id cathepsin A (F-I) & cathepsin A (F-ID) &WHEhZY, L7 o= 05 20, v
A B OIFIED cathepsin A WOWT HEEENALY . 22 4 HIFHO cathepsin A (F-II) 12
E SR 2OOEHILINMIAMEEIN, TN 5 (2 cathepsin A (F-1I-A) & cathepsin A (F-II-B)
LI, %@ cathepsin A (F-II-B) QA MICEREN, 204 FREH57,000 THs &
WeEahi, v 0420 FEDS B0 a3t cathepsin A (F-11) 4 T8 d 8
58,000 ¢dH -7z,

CNETIC, #R OIS 3EHO cathepsin A (AL AIl & AIIL ERER7) 28, %
72D U ABED S 2 FHD cathepsin A (S8 & L)% 8 S /2. cathepsin Al AIl & AIII
DHF-1R 24 F 4 100,000, 180,000 & 400,000 TH Y, F/z cathepsin A (8) & A (L) %
N5 REZNEN 100,000 & 500,000 ©H B L3N, cathepsin A DB EREAH Lo T &I,

L LIS, a2t 4 5O ED» MM h o HEHREE 001 M BB ik, pHb50, i
jt & UT T Sephadex G-100 I & » TH v Aifh L7z, cathepsin A (F-1) 1249 5 Hi—
Oe—7OHPEEEN, 2, LOM NaCl2 & LROBEHEEEE LTHNTH v Al
U7z, cathepsin A (F-1) C#l¥id % © — 7 O flic cathepsin A (F-II-A) & cathepsin A (A~
II-B) it 4 s — 7 BEEINIT., ChoDHEE, =247, O sloani pacificus, DI
i 12 cathepsin A (F-1) O AHEE L TWT, cathepsin A (F-1I-A) & (A-II-B) I, cathe-
psin A (F-I) HESIEIEELTHBUTELZESTHAD WO afElERLz. oW
etk e W oI T A7 0ICiE, £3H—78 cathepsin A (F-I) 2zt 4 hDOWEHSBEC &
FHBETHDH EHFL SNz,

ek BWLROBIEICE > TAL A A4 BIFIED cathepsin A (F-I) 2584 2 kR L7z,
#Bohie cathepsin A (F-ID BHEIV T2 ) 47 3 FAAVBRKNIC, $ABHONIE—T
Hote. TOhBEY, Sw,.,. 37.94X1078 TH Y, Sephadex G-100 K LB ¥ VBB L -T,
Z O 4 FiniE 100,000-105,000 TH » 7o, EEELEIRBOFKERD S, cathepsin A (F-1) 0%
IR 4. 7T TH ot 2t 4 B FHD cathepsin A (F-1) ® Z-Glu-Tyr & Z-Glu-Phe fizk
ST S KEm s #h 1.8mM & 28mM Th b, Th ool A v A 4 A D
cathepsin A (F-II-A)" &+ Y 4 # [FIi® cathepsin A (F-ID® @ Km fii &iSig—H L7z,

A A A4 B D cathepsin A (F-I) ORI, K UABD 51 57 cathepsin A (S
& LY = 2 4 A D cathepsin A (F-II-A)7 BE v Y 4 5 D cathepsin A (F-
Y ozn&L{—# LT,

AN A A BD cathepsin A (F-I) 13, =24 A FEOD cathepsin A (F-1I-A) B LU+
5 4 B IO cathepsin A (F-ID) &Rk, DFP Itk - TR b lEI Nz, /- PCMB,
N-ethylmaleimide & 5,5'-dithiobis (2-nitrobenzoic acid) T & - T $33-59% B & i,

i =
= A 4 J1, Ommalostrephes sloani pacificus, D PO cathepsin A 13, TOMFEHFWE CM-
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2cellulose #3547 u=t 73740 —Ck-T200kMms (F-1 & F-II) kafidni.
cathepsin A (F-I) % Sephadex G-100 itk 2/ v 5, #MAB&AkE (pH3.5-10), DE-23
cellulose 7 a7 m= b 77 7 4 — EHMEBLRKY (pH4-6) Kk - THilEh, HHEIh
cathepsin A (F-I) EERIEE YV 72 47 3 FAVBRKHNICEBELCHICE—TH 7.
FOUBER, Sww 127.94X1078 TH Y, 2O TR 100,000-105,000 Th 5 L#fEES NI,
ZOHIMBILA 7 T L5, Bl g 1217.3 TH S &S hiz, HAARWKT) (pH4-6)
DEHEM 5, cathepsin A (F-1) O%HBAIZ4.7 TH -7z, cathepsin A (F-I) &, Z-Glu-Tyr
& Z-Glu-Phe % pH 5.0 THMiMICAKSMEL 7. £ o EId 5 Km filid 0.1 M EEfgi%
##, pHB5.0, T 37°CIEBNT, #h*xh 1L.8mM & 28mM Tdh -7z, cathepsin A (F-D
13 pH5.0 ILB T diisopropylphosphofluoridate (DFP) Tk » Tk { & hvic s, PCMB,
N-ethylmaleimide 35 X 15 5,5'-dithiobis (2-nitrobenzoic acid) it & - T bR E iz,

X ik
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