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ME B & EAM-RE RB* AR BAM

Studies on the Virulent Factors Produced by Aeromonas
salmonicida, a Causative Agent of Furunculosis
in Salmonidae-II

Studies on the pathogenicity of the protease of Aeromonas
salmonicida Ar-4 (EFDL) on yamabe (Oncorhynchus
masou f. ishikawai) and goldfish (Carassius
auratus), and the substance which
exhibits cytotoxic effect in RTG-2
(rainbow trout gonad) cells

Kenichi Tayma*, Tsuneto Taxamasar**, Yoshio Ezora*
and Takahisa KiMmura*

Abstract

Previously we reported on the purification of the extracellular protease from
the supernatant culture fluid of A. salmonicide Ar—4 (EFDL) by acetone precipita-
tion, ammonium sulfate fractionation, DEAE-cellulose and DEAE-sephadex A-50

column chromatography.

In this paper, we examined the pathogenicity of the protease of 4.
salmonicida Ar—4 (EFDL) at each stage of the purification on yamabe (0.
masou f. ishikawai) and goldfish (C. auratus), and then studied the cytotoxic
substance other than the protease which was detected in process of purification.

In conclusion, we certified that the extracellular protease of 4. salmonicida
Ar4 (EFDL) was a causative agent of furunculosis and we considered the
cytotoxic substance to be a glycoprotein functioning as a co-factor of toxicity of

the protease.

* bR KRR R .

(Laboratory of Microbiology, Faculty of Fisheries, Hokkaido University).
o SmNRERLE

(Mochida Pharmaceutical Co., Ltd.)
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% =
BIRY TNz X O, B-Z 3Ry rHAEORENSERTHH 5, AT~
(Oncorhynchus masou f. ishikawai) Z2HRAEL, 3 b a 41 B DO AT D 3&/A (Carassius
auratus) WHBNT A ABBIEOBERN? B A LN 3 L bRV THAR L L T A
salmonicida Ar-4 (EFDL) BROREIEZ 6 Vi KEBO 7 n 7 7 — PGB B 5 FEREOR
FIROFEC DN TOREBRN, I5COBEMNBRCBLTRHINI 7 v 5 7 — FLULORRM
KTt 5 BB onT H BRAL I,

B F E

1. #RALGOLUIECHAETEEZ HRALLTrexeSRAEHOIL, ¥~ ILESIKESCERTS
BOLEHEZIRRTSI Y &« < 2460 5 5TE N 12 BRERN 10em, KEH 14g © 0EAZHT,
ERIFBRARFEIUTOLSAEE, 5 AU ZERERN 9em, EEHPN 16g O DEHNI,

HRADFF I, 181 BF 5 ABUKE % v, KRz 15°C ik #5, BRIC X - THEOH
e +MCEL TN 61T 12, AR T 7 BEFHRATL, BROZLVWT & WAL LBICER
CBRL, EBREI % BL TRBOSETHE R 12, B8 ¥ v ik 5 £SO BRI
EIKE SMEBRBRIER OBEOHARIL BV TIT - 12, RABATHBOARIERMS 13~14°C T
boleeg THITNTOERITKNT, ERUIMF L BE2IT-12,

2 FERUEFAGEMABRAEREHOTARE FRE X Fig. 1 @R Lz, BEK A salmon-
icida Ar-4 (EFDL) O A@RREWIZ, 20°C. T 27 RfiREHER®%E, 20 HF0 B2 EE (9,000%g,
5°C) it X hEEHL, HPREEHEMRNUKT 2 EkEE, HARER 2T —TREC/L3 X
5 CEEEEMAREKCERBL TR)L 2, 37 ey 7 — YRRER Y 5 55 LI ERD
23, FREOBEHERS 7o 77~ YEMIBEARBE>—ECHBELI %K, 2 Fn Va7
7anE— (HAR) THEBEL, CORE?EBERERICERKL TERTDH 5 C & 2HERL I1tkic
HERAL 12, SREARFOXNR L, EHBREREEOBRE S, BHEEHENEHKE, Zothoik Tl
BEERIK P 100°C T 30 FEMEL 72 b D % v 1z,

3. BRHOEEERUEBRZE Ay s &R0 I, 2 HERAR 1:2000 EBED
RET I IERFBF A EL XUk R~ b (MS-222) TSR 308D & 1 HREHBEEL T HREME,
¥ NRETDNTI, RERERY 7 5 BOTH 5mm OFERI, &AW T RAKRNZERLY S
BEW» 5% 5mm TOHANCHTERBREL 17,

FTNTORRCBNTHEARS BT 28, APEEROATYMIZs B U, BHAER
ROBROFEPHRL 12, T EEOFKR, BREL THARAT OO TEIBHBE TS &3, &
BRI L 2 BRA OV TR EEEOT ML e EmL 12, ST 3 A BB R
BABE kg X0 OHKRERT, BNERBEORARN o5 7 —YESOEEZ D>V BAE
YR CHAFETRED kb 50% BEE (LDso) 2EHHL, ZNFNORBOFREED 5142
i % BRI 12,

4, RTG-2 HEMARCHT 2 HHRSHEORBRZ Y ks 3 7 v 7 7 — ¥ BEiEED
DEAE- ¥V e~ R4 5562uv 57 4~ R DEAE- ¥ 7y F 92X A0 25 62uv s
57 4—RBUZEENT 7S 7o 2 v 2HRAL, BRIV A st 22—~ FOFI I
RTG-2 #if (= < AfAEFEREE) 2REL 72 10% v~ BRIRMEN 4 — & v MEM #Hi%
0.1ml $E43EEL, 18°C T3 ARIFiIEER2T, 20 702 MEEL NI E3E % 0,05m] %8
EREU, IoRBELT, BHicHnA&ES 0.2M, 0,3M KI° 0,5M HBML 72 BHizRL L
0.05ml FEHEREL, 18°C it 2 AREN -4, & v <) r Fimck YR EE. #Eikickh 0.1%
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Incubated on a shaker

{

Centrifuged
Supernatant of culture fluid Viable cells
{ {
Protein precipitated with -————————  Washed with sterile physio-
acetone (67% v/v) logical saline
{ i
Protein precipitated with ammo- Suspended in sterile physio-
nium sulfate (859, saturation) ————| logical saline
| -
Protease purified by DEAE-cellu- Inoculated  Control
lose column chromatography —————  to fish sterlie physio-
{ logical saline
Protease purified by DEAE-sephadex
A-50 column chromatography —

{ {

HA filter Control

(0.45 mu) heated at 100°C
for 30 min.

Confirmed Inoculated

sterility to fish

J
Inoculated
to fish

Fig. 1. Preparation of samples of A. salmonicide Ar-4 (EFDL) for pathogenicity and
toxicity tests.

ZYRENNAFL y b2 S - VISR TRER, BREEOFEEBRL I,

5. MIEEPROEMBBEA<T ML 4, THL»CHEREEEDS S N 12 ZESO—H e H
DTEEERIT & b BREEERKCHL T—B L THEL 2%, StER 2 v TRIRA <2
MBI,

6. PEEOKRHE (Molisch KE)® 5%a- 77 F—ib + =2/ — VI 1~2 HEHR 4. OB
MRS ANA 1ml A, 1ml OBEERPH»CERL, BERECETEREFOFELE
BT,

7. MASHPROPIRCHTIEERR HRARCFEFRINED 1. LRAKRTH 5, T
HER 4. TEDIEREEYEES % 50% RV En ) FUERE RV BEEERICL Y 0°C
RS, RO TEERCRL T—RBITL T, 2. TR HEERERCI VRT 7 405~
(HA B) TRBLTHRAL I, ZHBIRGERDS 2RV, 3 ERERCRSRIAED 3.
LRBETH B,
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Table 1. Pathogenicity and LDy, of 4. salmonicida Ar-4 (EFDL)
on yamabe and goldfish

(A) yamabe
Fish number died*
(?n(;s/fg,; Days after inoculatiolrlr - LD, **
1] 2] 3] 4] 5] 6] 7] 8]
157 5/5
15.7 o/5| o/5| o/5] o/5, 0o/6| 0/5| 0/5| 0/6 49.6
1.57 0/5| 0/5 0/51 0/5| 0/5| 0/5| 0/5| 0/5 ’
control 0/5| 0/5| 0/5| 0/5| 0/5 0/5| 0/5| 0/5
(B) goldfish
Fish number died*
kk -
(Eg;ig) Days after inoculation LD, **
1 ] 2 | 3| 4 [ 5 \ 6 } 71 8
181 o/5| o/5| s/5| /5 |
18.1 0/5) o/5| o/5] 0o/5] 0/5| 0/5| 0/5| 0/5 519
1.81 0/5| o/5| o/5| o/5| 0/5| 0/5| 0/51 0/5 :
control 0/6| 0/5| 0/5 0/5| o/5| 0/5] 0/5| 0/5

*: fish number died/fish number tested
**: wet cell weight (mg)/fish weight (kg)

Table 2. Toxicity and LD;, of supernatant culture fluid of 4.

salmonicida Ar-4 (EFDL) on yamabe and goldfish

(A) yamabe
Fish number died*
Dose** Days after incubati “ LD, **
(mg/kg) ays after incubation 50
1| 2] 3] 4] 5 | 6 7] s
91 8/5] o/5| o/6f 0/5| 0/61 0/5 0/5| 0/5
9.1 o/5| o/5( o/5| o/5| 0o/51 0/5| 0/5| 0/5 | not
0.91 o/5 o/5] o/5| o/5| 0/6 0/5| 0/5| 0/5 | calculated
control 0/5| 0/5 0/5 | 0/5| 0/5{ 0/5| 0/5| 0/5
(B) goldfish
Fish number died*
(2(;7;;; Days after incubation LDjo**
1] 2 3| 4 5] 6] 7| 8
112 o/ 0o/5! o/5| 0/5) 0/5| 0/5| 0/5| 0/5| not
control o/5| o/5| 0o/6| 0/5| 0/5| 0/5| 0/5| 0/5| calculated

*: fish number died/fish number tested
**: protein (mg)/fish weight (kg)
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] 7

1. S#RELEEOKENE SR8, Ard (EFDL) #0O + v~ ROSRCHT 2 RIRIEORERER
13 Table 1 IWRLIZ, ¥ IREDNTHD &, BREEEDE LS 157mg/kg Tid, BER1BHE
THR 5 BT NTHREL, BRAR IEEBMEORE, HRANHOLRFHAREGIRDLNS &
$hiv, FRRCHMBENERIN Db 70, 15, 7mg/kg BEL 115E BRI ETORE
BEDONZ DL D120, TTEHEZT TAEBLIL, T2 1,57 mg/kg M T 5 BRI
D oM oTe —F, ST 18l mg/kg BELBE, SHETIRE, 4 BRETRINTOHR
AVBRL 7, BRAR EEWMHEORE, BARNHMKSHRARMESED SN2 &, BERO
B, g EEREOTAENEDLNZ DL d 5120, N EFicRRRA oL 51,
18. 1mg/ke BRETIX, BRARIY o708, HERAT N TICEEREOMERCSIBBRD 5N
720 1.81mg/kg ERRBWT HRIROERZETI DD -1,

PLEDREED &, HRBERED ¥ v ~RISMTHT S LDso EZN FH 49,6 mg/kg, 57.2mg/
kg CEMINT, TR Y IARISROBRAOHEER, BRI OBLE o EEEOTH
Fio TR, TNTHEEE? BRI MLET,

2 HREEELIFOEM FROFEI Y ¥ RRESRTHT 5 BEOMIMKEIRIE Table 2
CRLT. ¥ v ~IKEEHEYRIZLT 91 0meg/kg BREL 1254, #%1 0 HT 3 RORANGE
U108, DMBOETIZA LN IH o172, BHA IHERRIASEORER O HARHMBED bh i,
9.1mg/kg KU 0.91 mg/kg ERE TR ERAOERRA GNT, MERRBED SN LD 5T,

Table 3. Toxicity and LDy, of protease*** obtained with acetone
precipitation on yamabe and goldfish

(A) yamabe
Fish number died*
Dose™* Days after inoculation LDy **
(mg/kg) 5o
1 2] 3] a4 5| 6] 7] s
101 9/51 0o/5| 1/5| 0/5 ) 1/5| 1/5
10.1 o/51 o/5| o/51! o/51 o/6| 0/5| 0/5| 0/5 31.9
1.01 o/5| 0o/5| o/5| 0/5 0/6] 0o/5| 0/5| 0/5 '
control o/5| o/5| o/5| o/5| o/6, 0/5 0/5| 0/5
(B) goldfish
Fish number died*
Doso** Days after inoculation LDg**
(mg/kg) ¥ 0

1{2]3‘4{5 6| 7| 8

133 5/5
13.3 0/5| 0/5| o/5 0/51 o/5\ 0/5| 0/6| 0/5
1.33 o/5| 0/56) o/5| o/5] o/5| 0/5| 0/6| 0/5
control 0o/5| o/5| 0/5| 0/5| 0/5] 0/5| 0/5| 0/5

42.1

*: fish number died/fish number tested
**. protein (mg)/fish weight (kg)
**k: see Fig. 1
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SRTX, 112mg/kg B LHE, SHERROBEERMEORER BN A S ichs, BT
B3 H0R>EL B o1
DAE, StAEEE LHOBENEY >0 t» b, 1D BEHUBLED -1,

3, 7l EREARESOEE MROFBEILE Y ¥ v <RI ST 3 E4ORMNERR
Table 3 iTRL 12,

e RICEREHNEIR LT 100mg/kg BRELUES, BE%Z1IHBT2R, 3BE, 5ARRY
6 HEiC 1 B3 OBEL 12, BRADERHMIK gk, HANHLERCGRARBSSED s,
10, 1 mg/kg K%I* 1,01 mg/kg B TIIARADOBEZA 5N T, MoBRLBD L 570,

—%, &l 133mg/kg HEU IS, BEES 1 BB THAATITHREL, BERAEHRR
DY v <DBPE L FIEOERMA 612, 13.3mg/kg KI¥ 1.33mg/kg HRE CI3EBEATCET
DOERETRISIBEVED SN2 BBIZA SN 512,

DEOERE» S, ¥ v X ROSAITHT 5 LDy 32N Fh 31.9mg/kg, 42.1mg/kg & EH 2
hize

4 WMROEZLAROEM FiRoFEicd b ¥ v <RI & whd 3 SO BRMEERE Table 4
TR T,

YeRZEHEHYERL T 32,1 mg/kg ROX 3.21mg/kg BEREU25BE, Wb EELHER
TTRTEL 72, 0,321 mg/kg HRETIZ, BREIAO5NT, MEERLBHOLNT 512,

&ATIY, 27 1mg/kg BRUIEE, BE1BHTTNTERL I, 2. 71mg/kg T i BERMS
FTIC e R O ST, 0.271 mg/kg TRETORENED SNz, HeBRERAGN S -T2, OB

Table 4. Toxicity and LD;, of protease*** obtained with ammonium
sulfate precipitation on yamabe and goldfish

(A) yamabe
Fish number died* o
Dose** | g : : —
(n?;?kg) Days after moculatlonmﬁi’ - LDjgg**
1 } 2 } 3 ’ 4 \ 5 ‘ 6 | 7 [ 8
2.1 | 5/5 \ | 1 ]
3.21 5/5 | ’ ; Lod
0.321 o/51 o/5| o/51 o/5] o/5] 0/5 0/5| 0/5 :
control | 0/5| 0/5| 0/5| 0/5| o/5| o/5| 0/5| 0/5
(B) goldfish
Fish number died*
(lzf?gsfl:;) ] S Days after iﬂoculati(;n“" B LD, **
1 ] 2 \ 3 \ ' 6| 7 \ s
o1 5/5 ‘ ! i S
271 0/5| 0/ 0/5| 0/5] 0/5| 0/5 0/5\ 0/5 8,57
o.211 | o/5| o/5| 0/5| 0/5| o/5| o/5| 0/5| o/5 ’ :
control | 0/5| 0/5| 0/5| 0/5| 0/5 0/5 0/5I 0/5

*: ﬁsh number dled/ﬁsh number tested
*%. protein (mg)/fish weight (kg)
***: gee Fig. 1
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Table 5. Toxicity and LDj, of protease*** purified by DEAE-cellulose
column chromatography on yamabe and goldfish

(A) yamabe
- Fish number died* 1 7
Dose** . " B *ok
(mg/kg) | Da,ys‘ aftgr inoculation - LDy,
1) 2] 3| 4] 5 [ 6| 7 { 8
103 85 1/5] o5 15 o
1.03 0/5: 0/5| 0/5! 0/5, 0/5| 0/5, 0/5| 0/5 596
0.108 | 0/5| 0/5| o/5| o/5| /5| o/5| o/5| o/51 3
. \
control | 0/5| 0/5| 0/5| 0/5| /5| 0/5| 0/5| 0/5 |
(B) goldfish
) Fish number died* |
- e
(lr)xi);/ek 2) B Days after inoculatign o LD, **
1l2| 3] 4| 5]6|7]s
28.9 5/5 e e
2.89 | 0/5, 0/5] 0/5] 0/5 0/5| 0/5] 0/5 Lol o,
0.989 | 0/51 0/5| 0/5| o/5] o/5| o/5| o5 o5 P
control | 0/5| 0/5| 0/5| 0/5 0/5| 0/5| 0/5| 0/5

*: fish number died/fish number tested
**. protein (mg)/fish weight (kg)
¥*x: see Fig. 1

BEAICDOVTIZY v RREEARLCETRD 7 + + VBB RBREEORS & 112 FEDOIER »
ZL7,

PLEDEERIY, ¥ v~RE &AM TS LDy 220 FNh 1.04 mg/kg, 8.57mg/kg & B3
nt,

5. DEAE- i O—ZXNhFL707 b SETOTFT7—EESOEYE RO Hikicd b v v~k
T ERICHS 2 BHEOBFERIZ Table 5 ITRL 12,

Ye~CEAEMAYEIRL T 10,3mg/kg BREOES, EE1BHT3E, 2HE, 4HBR 7 h
Fh1R3OBRIEL 2, 1.03mg/kg &IF 0.103mg/kg R TIIBERMAIL 2 {, MLRRIFADS
ﬂ/ltx‘» -7z °

SATIX, 28, 9mg/kg LGS, BEEELIBETINTRIELZ, 2.89mg/kg K 0,289
mg/kg ERETREEIALNT, M6 RBRIZED 5N 2b 510,

D LEDOER» L, YRS HT S LDs 22N Fh 3.26 mg/kg, 9. 14mg/kg L BHIN
o BEAR DV TESAT UM Hfihia s hizfiis, AR 7 & b IRBEEEAREED
B SRR ER L 12,

6. DEAE- 7 7F 9y VX A-50 hFL7A0% M SETATF7—FESOE Y FiioFdkiic X
b ¥ v RREEEGRITHT 3 EEORIER X Table 6 1TRUL 17,

YIRREHEMAYRICL T 12, 1me/kg BEREL 25E, BE%1 B ETISTOMMRARBREL,
1.21mg/kg BEETI21HE, 2BERZENEFN 1R TOHBIL 12, SMBEIBENA LN FERRAICY
15 BRIRVBD 51750 572, 0,121 mg/kg B CRITS BLRA LN LH -T2,
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Table 6. Toxicity and LDg, of protease*** purified by DEAE-sephadex
A-50 column chromatography on yamabe and goldfish

(A) yamabe
Fish number died*
Dose** D . lati LD, **
(mng/kg) ays after inoculation 50
1) 2| 3] 4] 5] 6| 7] 8
12.1 5/5
1.21 1/5| 1/6| o/5| 0o/56| 0/56| 0/5| 0/5| 0/5 159
0.121 o/5| 0/5| 0/56| 0/5, 0/5, 0/5| 0/5| 0/5 :
control o/5) 0/5| 0/5, 0/5| 0/6| 0/5| 0/5| 0/5
(B) goldfish
Fish number died*
*k
:1);’;71{ 2) Days after inoculation LDy **
1) 2| 3] 4/ 5| 6| 7|8
2. 6 5/5 '
2,56 1/5| 0/5| o/5| 0/5| 0/5| 0/5| 0/5| 0/5 5.11
0.256 0/5] /5| o/65| 0/5( 0/5| 0/5| 0/5) 0/0 :
control 0/5| 0/5| 0/5| 0/5| 0/5 0/5 0/5 | 0/5

*: fish number died/fish number tested
**¥: protein (mg)/fish weight (kg)
**%: gee Fig. 1

LATit, 25.6mg/kg LR IHE, EEE1IBATTNTERELL, 2.56mg/kg TIZ1HE
1 RBEIEL 1208, DRI e R SIS A 6N 5 L D b D -1203, BRITES 3B
U7z, 0.256 mg/kg Tidfal 6 Bz aH b ieh 517, BBEEARICONTiE, ¥ I~RIERAL K
ARRD 7 & b EBEAERRERORE L IZRAKROERZ2EL 12,

PLEO#RY Y, ¥ v < ROSAIRT S LDy 2N FN 1,52mg/kg, 5 11mg/kg L HHS
iz,

ERBINE TOY IRKIERCHT 5 HRBOFERRC B CHIBABMS ARIBOL LN
o1z, F 12 Table 7 RINE TOFERBROEEET D THRLIL

7. RTG-2 ERMBICHITIHEURBR k3 O FHRABRCBSN TR F 7 ~¥ DO ¥ IRKY
SRTHT 2R, BEMSED e ORTERLIY, BROE SR TH 5 DEAE-tva~2h 35
A2 R 7 MAEBEPPFEBET UL S, a5 7~ YIS OEEMEOEEITRRE SN,
Z L TCHPRRDFHHET, DEAE- vvu—~ XA 5620w b 57 4~ R DEAE- ¥ 77592 X
A-50 BS565u2 b X574 ~DRBHY 52 2 L IZDT RTG-2 HEEMICHT 5 FMk%2H
Nz, #ERIE Fig. 2 KU Fig, 3 W&WRU Iz,

39 DEAE- ¥ un—RHSAIuv by 57 4 ~CRBIZEHEB7 574 2> O RTG-2 Hiaic
X9 2EM (Fig.2) 2, Pur7—¥EEPETS75 9 2v a3 No 82~No, 103 DEFCHD
51, I5ICEDHROAEBED 0.2M » 5 0.4M OHETHEMEINS 7 5 2 v 5 » No, 125~
No. 217 OEISMC $ AL EBY bz, COESICIE Fig.2 » 5B 5604 X 9, Schacterle and
Pollack #:» THRHINELIBEABOY— 23RO oNLb o1, LBHBEL TAES 0.2M, 0.3
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A. salmonicida ODEH:TSH 7 wT T —LORYE

Table 7. Comparison of pathogenicity of viable cells and toxicity of protease
of A. salmonicida Ar—4 (EFDL) on yamabe and goldfish

Clinical signs LD;, (mg/kg)
Purification steps —
yamabe ‘ goldfish yamabe | goldfish
Swelling, haemorrhage | Swelling, haemorrhage
in muscle in muscle
: Liquefaction of muscle | Liquefaction of muscle 5
Viable cells Haemorrhagic spot Destruction of skin 49.6 7.2
at liver Scale loss
Discoloration of lesion
Supernatant Swelling, haemorrhage | Swelling. _ _
in muscle Scale protrusion
Acetone Swelling, haemorrhage | Swelling, haemorrhage
precipitation in muscle in muscle 319 .1
Liquefaction of Liquefaction of muscle : .
muscle Scale protrusion
(NH,),S0, as above as above
precipitation 1.0¢ 8.57
DEAE-cellulose Swelling, haemorrhage
column chroma- in muscle
tography as above Liquefaction of muscle 3.96 9.14
Scale protrusion . :
Haemorrhage around
heart
DEAE-sephadex Swelling, haemorrhage | Swelling, haemorrhage
A-50 column in muscle in muscle
chromatography | Liquefaction of Liquefaction of muscle
muscle Scale protrusion 1.52 5.11
Congestion at fin-base | Haemorrhage and
congestion at fin-
base

M ROt 0,5M JRINL I-6BEHE T, MRSl T e BRIEED b sh 12, AEIOMIEEGE
REpPEMEIC L VBELIZLL S, 77~ YES TR — FPHEDS 3 EEBREEL
TWBEDIREHLT, 752+ 2> No, 125~No, 217 OES T3 — b DSEED 2 i3 okl
FRBLTEY, FRABRRCEEVEZINT, ILXBEOENICOVTEI S/ 2 v 2FHROD
4 =& MEM T 248, 45RO 8 ECHRL T, BRd & RO HEE CRIlRIC 3 5 Bk 2 B8
Uz, Pig.2 KoRU I &L, RIEMEE 0.25M~0,3M ST 5 752 2> No, 160 %
e U ESCEOEENED bhiz, —F, DEAE- £ 75 F 92X A-50 #1562 u=t 5
74— TR ZLEH 752> 2> ® RTG-2 MIMITHT 2Bkl Fig.3 RFRLIEZCEL TFusF
7 —¥EEEET 5752 s> No, 89~No, 100 OFEi4F ST IZED SN sh - T2,

8. MIEMEMEORNBBERNZRT ML MREEES ORI A < & b v % & 7RI
Fig. 4 WSRU T, Hb 5H65 /0 & 5 i ARE I3 200nm KRB K 255, 280nm L § b F
D5 RINPRBD 612,
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100 1.0
a
g
~
3
- 75
&
3
- qo.5
o)
K
) 50 -—540.5
© <
L o
v = -
o 5 z
g1 3 5
e |k g
a a <
ofF o 10
Cytotoxic H (-) ._.___,k_ (+) _)'&(_) * (+)} ﬁ' x 2°
effect ) x 2°
fe————— () ————f x 2°
fe— (+) —= x 27
Control 0.2M Nacl(-) 0.3M NaCl(~) 0.5M NaCl(-)

Fig. 2 TFractionation of protease and cytotoxic substance on DEAE-cellulose and cytotoxic
effects of them (see Fig. 1)
—O0- protease activity (—): cytotoxic effect negative
—e— protein (+): cytotoxic effect positive

100 1.0

=
£
o 751
=
7
3 5 0.5
Il
250 0.5
> -
P ~
ﬁ £
] & =
o 25 2 -

I~ —
: |4 P
g 13 s
0 o
v I
Q 8,

0 0 40
1 1 1 L e, 1
1 40 70 100 130 160

Cytotoxic e () (e () ——3] x 2°

Fig. 3 Fractionation of protease on DEAE-sephadex A-50 and cytotoxic effects of them

(see Fig. 1)
~0— protease activity (—): cytotoxic effect negative
—e— protein (+): cytotoxic effect positive
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Table 8. Toxicity and LD;, of cytotoxic substance obtained by DEAE-
cellulose column chromatography on yamabe (see Fig. 2)

Fish number died*
Dose** Days after inoculation LD, **
(mg/kg) s
1 } 2| 3 | 4| 5] 6] 7 | 8
1.87 0/5 ‘ 0/5 0/5| 0o/5| 0/5| 0/5| 0/5 0/5| not
control 0/5| 0/5| 0/5| o/5| o/5| 0/5 0/5| 0/5| calculated

*: fish number died/fish number tested
**: protein (mg)/fish weight (kg)
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