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19804EDARR D THRECIMARVAMEREE) OFIRMBRT. RLIEZHADEHRGRRERESHD—D
ThHBHVADEE (BE) Pl TREETHRAGEEREZFER Lz, O
Bal bk, ROSHMbENZBEROEEIIODWTHRET 5.

FERHOHYAHEE (B NEHEOBAREEZEEY y—VPOATME (74T 2F
B) OLicoBTHMEL TAHERERE. WTFhH37TC. 2RO > Fa X1 a > THHE
TSRIEEREEL T/ gEWS R AMEEZR LTz, Katsuwokinase (KK) &
M E N Z OBEROS T RIZKI.5F. SEALNE0THD. TONKRT I ) BAE
O—KKEE 16BIE) 1XI-V-6-G-Y-E-— T E 24P Ty bHkO NI T Y (YT
o057 —+) EH8BOMRAMEEZRTZENHo 2, KKIZFLZ DGR I FEE, RKiC
pyro-Glu-Gly-Arg-pNAIZHS L THIV =%, Bk R8I Z O 172 ke P MR e & i St ©
HD. Sifbxh/=BeE (NPGBT 52% active) DIEMEDTLHODT 4 TV U RHREIET Z
ZI D 2 6EbHD., EETOERE 10% NaClOETFTTHEBEIWT B I L3k
Mmolz. £z, KKOT 4 7Y V4MmEE—ROE) > 70577 —¥A > eES—Th5
DFP., SBTI. BPTI 3 W7 T OF =itk THEINSEHOD, TSAI VA2 EE
5 —THB e - AAED ¢ - MCHATIZEBEZ 2N - T,

H YA OEETI00MEL LS BAETHROREICDOEFD, ARENTELETICEORE
MMt TOREHIMEEEINTNS, TOEWREEZFIHALZH LW TEROBRRE DS
BORETHAIN. SHRIBL DHEEL 28 U WEEER 22 AVER RAETR £ O &R ik IR
BOTFHICH HLWEDOMRERASD D WIEFEL OB ABETFHERNOBEERR (BKE
REEFARES) EMELUTHRIEHT S ZENGROBTH S,
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1. WFREM

19804ELAKE, B4 TRECHMMRIS ML) EAMMTERRMEEZONSKERDZ &I
L0, P ORBTEESZREI L, DWW TIRIMRARICH < MRIEDHRIE. HBVNIET
B ETRoTERL'"", £z, TOMmMPREAERIAOBF-ELTYyoFF—+, +
Y FUFF—UEREDHEMAEDRETORIICKL 2 M EATTEIIMA T, ®Ehi
BEEMNINERNEMIENS O -PABMAREZRINBT SXI )= 7 I FR—F—EED
s EHSMI LR,

F<a, EERCRERE. MEEYPORBEEDITIIOVTIRIhETHEL TS
At Al BLIZHADERNRBERNDO—-DTOH2H YA ORI (WE) hic
B CTiRETHRNIBRBRERERALIZDT, TONMETLE, KOS h-fER
DOYEE2EMETIC D W THRET 5.

2. BHEHIE

pyro-Glu-Gly-Arg-pNA (S-2444). H-D-Phe-Pip-Arg-pNA (S-2238) 72X D&M~ oEY
A LEE (A7 I R 1. KabittBoboZERA Wik, 747U ) —4 i3Signa®l,
hoEVIIFHEEREZWE,

BERTEYEIL. 0.25mM2 OEY 1 LAJEE. 10mM potassium phosphate buffer (pH 7.2 &
Z20iE 7.4). RUBROBERZSIURIEH Lol'hT, 3TCIKBNVWT, £RTS p—=
FO7 =Y >0405nmil BT D RPDOWKICIET E. AN EMITEH L,

BERTEME Lunitid, ol 7.2CT 1 &S0 1 nnol DILEEERMICERL > BRER
mELi, WiEHE., 1neOMEEHEDLZDOiItHTRLUE. EAR. 747U K
UHEA I TIMBEENERE, HFIZHREL TOWRVWESORMOERITFE. £
THi#' 'Y O -> 2. KiBIEEFE Op-nitrophenilguanidinobenzoate (NPGB) 1Tk
BIEESY A FL—3 3 vidChase & ElliottdHIE'® Titizo iz,

BERERETOSIE X, DavisTEEWKBNRE' " KL VBRE L., PRI, BEREEAFTEMWL
TSDSTESIKE ' ® R UHPLCIZ X B F WVIFBE P ICL D ME Lz, SEROWEITBEH >
2> 7.
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KEBRMEHT, ER. WHhDBM,. WHEA—. WERLIOEI N Y I ORiE
(Fig-1) (®34» AR, H7H15~22%a88) 24M. £/, a3, 415, 7IOH¥FE
RS (ILERTS—1) Z2BA. KKOMBIKIZE ¥ 3keZz 4 {5ROKThItEL .
B U 7= (eddiRiglx. 0.73% NaCl). BEROKBIZ0~4TCORMETIZBWT, 10md
potassium phosphate buffer (pll 7.2)thT. S-2238%7 YA LILAZMNT, TD5H
MIEEZRBEICEMO 70T T T 4 —IicXDHBL I,
BRREEFEHAONKGY = ) BEAL. BT R oMtk TarA o -
H— (ABS) ZJANWTEMLALZY,

3. RS

BREOHYAEE (BB NEORBEEZIRET « TV RO LICoETHEL T
Blz, Fig-2MFDRRTH B, WTFHhH3TC. 2FMOA > Fa XA a3 THES
FAI L EPERE L TASC0 gL WO AR IBEMIEEZ R LTz, BLIX T DEIIRBRERE
F&HYAFF—1 (Katsuwokinase;KK) EFERZ &IZU .
ZDEIBHEWITHITA N, FaAH20WETIOHEFTEIBD SN Mo/, Fig-31E
ZTORBERTH BN, 73 OHETIIC, 18BE > F 212 a X LTHDTHNE
MBRRONERETTH S,

MR L=y A s RERME. 3kg) tiskoRBRK (12 1) 2B 008U REYZ
DFW/=#. 10mM potassium phosphate buffer (pH 7.2) T¥#{b L /=DEAE-Cellulose
(10X30m) 7=A>X|I/OI T F5T7 4 —LK0ObufferPDKCIBEZZLEE. 0.3M
KCl1Z&Es@ bufferCRERIEYEM 2% 7 = O > PH-10BR /M IF @B T %8¢, DEAE-Toyopeal
650M (3X20cm) IZE DB\ OT LZEfTW, bufferP DKCIREZ 0 ~0. SMICZ L = B RER
ErREAEE, RICHES N-BESEE S 2Buthyl-Toyopear 8k < b 757 4 — (
3x20cm) ok V. bufferth DELBIEZM~MICEL S ERRTEIEERILE®R, 25
o, B—@isE LTEshzBEREE %2 Cel lulofine GCL-2000 (2X100cm) & B4 ILIF
BIZEORBTUE%, Bon-mEm>ZMono Q (0.5X5em) AT LZEM., & kiiks
O kY 574—I2&kD, DavisBRKIIENICH—ZRBICHE Lz (Table-1) . &
WA MtH# % LymographylZ T2 B S OREMNFig-4 TH 2. 7 FRk#3. 6/ DFTICERE
todsZ MM, REORRITHEREZSDS-BLIKIMIEIINT T, EREAEED
BEIEOLEL D TFEY 35,000THolz. 2B, SDSABEPD2 —ANHhT s )
—VOATEICBN T, TR — B biZBsnahofk, £k, AMEROD
STFRIE. FIVIFBREIZE > TS, #35,000~38,000EME =N/, 18> T. AREFEIT.
W—RURTFRENSREZE)IT—HATHDEEASIZ,
LEATRKQKEETKKIZp] 5.0& 82N (Fig-5) . AMRILB&MBIEOERAT
harEEZONIZ,
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HRMROHBH T R AEICEBNEKET = ) RAEO—KGEEZMIT L= %Fig-
6IZRT A, ABERDIOEIEIXL-V-6-C----ITFERLERTy FHKDRY T2 (Y >
TaF7—¥) P LH18% OMEEERT I Lo .

FiBIREEDONPGBY 1 b L — a > OfERIE52.0% acliveTh-o7/z. ZOKKD7 47
UBRMEEETIAI Y (56.2% active) DENEREL THEEZS, KKOEH
EHERTFUEZOTT IR L0265 EN - 7=,

Fe, BHRREBTKKEMNzDLERMETH D, I OREBTIIpH 1~10/ 8
(37°C.3043) THLRIET B LB Molz, BT, TEDT 47V BRMIENEIR. 0~10
% NaClDIHFTFTIEREAEZRZRA SN T,

Table-2 B&EEOIRT = FIHTAKKOREENFREZ R LEZDDTHD., HICKKR
TOFF—CRETHS5S-2444, HHWVWIE PO EIEETH 5S5-2238 1 L Tl < M
THZENAB, £eo KKOT4TY BERICHTI2ERAENOEZEZAX. 1M
DFP. 1mg/ml SBTI. BPTIH BV FFoF = CHEI NS, —ROTSXICHE
HTHBA 70 7 )AT70 BPZ2VIEFSFFVLER (1ng/nl) TREEES
FahwZ Ao k.

4. £ %

ZHET. BAEOLI=-—VRRBERHO—DOTHIEFPOTOTF7—BIKETSH
RIWH T M2 20, K, BBEBECETIHDOREELEDNDA, B4id
AVFOEE (BR) FiCERDTHRERT. BomORBEREERALLE.

AVFFF—PEHBMFTENEZDEERDONPGBIZC L 251 FL—2 3 > TOHFHED
OEMEE., E BB OBRERDBVREMELINE T FIAIDHTFOHIF{EHHRNE
Aoz,

AV FDOEEIZI0E LB BAETHFOBRAICOIED, RINTELETICEFORE
Ot COLEHERAEINTVS, ZOEVWHEEZFALZHFLVWNTESORREDS
BORETHAI0. BEAEREZEOMREOKBLILLMELbIZoTWESH,
HEBEBLUEMREETD LERBOTHICHB<E L WED mMREMTBD D WNWIEL DA
M EMOBREERS REREAXR) BMELTRERM TS I ENBRLDEDKX
ERPTHS.

5. THOFPE

KKD2—KBEORE L, MEREMRANOKA. RUBD TRWEREEZHMALZ
mLOLMIRE&DREE.
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Fig-1 "Shiokaras” samples indicating fibrinolytic activity.

[ig-2 Fibrinolytic activity of katsuwokinase.

Katsuokinase extracts (A, Katsuwobune; B, Saitokakuich; C,
Fukushin; and D,lkinoshima, respectively) were applied directly to
fibrin plates. Katsuwokinase was extracied from 100 g of cach
skipjack Shiokara with 150 ml of distilled water for 15 min with
stirring at 4°C.  The material was filtered through gauze and
then centrifuged at 3,000 rpm for 10 min. Sample volume was
30 pl, and the incubation time was 2 hr at 37°C.
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Fig-3 Comparative fibrinolytic activity of other "Shiokara” samples.

Extractions from opossum shrimp (A), octopus (B), squid (C)
and shrimp (D) were carried out as described in Fig. 2. Sample
volume was 30 pl, and the incubation time was 18 hr at 37C.

-329-


SSRF020
スタンプ


Fig-4 Zymographic pattern of katsuwokinase.

The katsuwokinase extract (ca. 20 pl) was applied. Numbers
on the right side indicate mol. wt. in thousands using u-PA as the
standard.
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Fig-5 Isoelectric focussing of katsuwokinase.

One ml of katsuwokinase extract dialyzed agariment distilled
water was applied.  After electrophoresis was run for 22 hr at 900
V, fractions of 2.5 ml each were collected. The major activity peak

corresponded to an isoelectric point of about 4.7.
«—-+ Absorbance, X—X pH, O—O Activity, respectively.
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"able- 1. Purification of katsuwokinase

Steps Total ‘otal Specifive  Yield
protein activity  activity (%)
(mg) ) (U/mg)
1. Crude extract 42516 34650 0.8 100
2. DEAE—-Cellulose 1908 16275 8.5 47.0
3. DEAE-Toyopearl 428 4215 9.8 12.2
4. Butyl-Toyopearl 20 1179 60.5 3.4
5. Cellulofine GCL-2000 6 576 93.5 1.7
6. Mono Q 0.5 57 113.4 0.2

Table-2 Comparative amidolytic activity of Katsuwokinase with
several synthetic substrates

Substrate Substrate hydrolyzed
(nmoles/min/ml)

pyro-Glu-Gly-Arg-pNA (S-2444) 1175
H-D-Ahe-Pip-Arg-pNA  (S-2238) 80.7
H-D-lie-Pro-Arg-pNA (S-2288) 69.5
H-D-Val-Leu-Arg-pNA (S-2266) 5.6
H-D-Pro-Phe-Arg-pNA (S-2302) 4.0
H-D-Val-Leu-Lys-pNA (S-2251) 3.5
Bz-L-Arg-pNA 0.4
Bz-L-Tyr-pNA 0
pyro—Glu-Pro-Val-pNA (S-2484) 0

The reaction mixrute (1 ml) contained 20 | katsuwokinase

extract (213 pg protein), 25 X 107* M substrate and 0.

1

M phosphate buffer, pH 7.4. After incubation for 10 min at
37°C, the p-nitroaniline was determined from the absorption
at 405 nm. The results are expressed as nmoles of substrate

hydrolyzed per min per ml of katsuwokinase extract. Each

value is the mean of 3 determinations.
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A salt-resistant thromboritic enzyme found in salted fish guts "Shiokara”
HIROYUKI Sumi, NOBUYOSHI Nakajima and HISASHI Mihara®
Department of Food Science, Okayama Prefectural Junior College,

*Department of Physiology, Miyazaki Medical College

Summary

Katsuwokinase (KK) is a unique fibrinolytic enzyme recently been discovered in skipjack
"Shiokara”, a Japanesc traditional salted fermented food. A crude enzyme cxtracted from
skipjack Shiokara exhibited very high fibrinolytic activity of over 45 CU/g (fibrin plate method)
, based on plasmin.

KK not only hydrolyzed fibrin but also several synthetic amido substrates, paticularly for
pyro—Glu-Gly-Arg-pNA. The fibrinolytic activity of KK was not affected by the presence of
over 10 % NaCl, remaining stable over the pl range of from 1 to 10 at 37°C for 30 min. It
was inhibited by DFP, SBTI, BPTI or aprotinin, but not by £-ACA ant ~AMCHA.

The crude enzyme contains at least 4 kinds of KK and the major form purified had
pl of about 5.0 and mol. wt. of 35,000. The N-terminal amino acid sequence of 16 residues,
[-V-G-G-Y-E-Q-Z-A-H-S-Q-P-H-Q-V-, had over 78 % homology with that of trypsin. The
fibrinolytic activity of the purified enzyme was about 2.6 times grater than that of plasmin

by molar ratio, demonstrating its identity as a new very potent fibrinolytic enzyme.
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