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B1E F &

BEORBIIERIEE )RR EZONAOEER L H 0%
D, FREBIITHEESWT BRI, $EERIC
RS DA O 2 DI R EOEET 5 (BE
1987) o REH ORI BB LTHB Y, £ED
FKBHIED I LS TR L, RBIGE BT
W ESWT Do WHIIHEY V0 B0k, T IVEE
24 LB L EN T2 (Nakagawa et al.: 1987, #JI] :
1992) o FHIED E 2 FEREI 1 )EERZ %D 5P LTAD
BIe A %<5, 2)REBERGO—HEIE), 3)5H8
P OOWEEY, {LFNHEEERTS, 4)BERRED
BATHIET 5, 5)ZOMAFFkLBIE LT, Hil CrEN
Belfioz) BV IHFAOUERAE L 25 LD RES
NTW5 (EF 11982), SO L) I, RFMTIZAEIE
BRBICHEIET 5720107% { Tl b Wigie 2o Tw
BA, BHTOREN % EOEHR~OBA % BLET 5 K
3, AEOEFICLSTEDOTEETHHLEEZ LN,

e, AEEBORELERIM > TARIZRL, &
AzMBE L >TWD, CORERE LTIE, BEEHE &
BOBRIZG, TEYRFENT ¥ A% 5 PICEHEBRED
HBRERLZEDPEZ OGNS, LI, BEEBICERY %
A ML ZAREY RIS X BAEROBBG SRR TR 55
RHENERID AR NS (&K 1 1972) s D XD 2B
12 & B Rz DHIEE R B ORI LB K R OMEY ©
BAMF LY, BHCOREHEONERBEICHET LY
HOMBEMHEESBICL o TEILT B, & L ICAETIIMILE
DX Y Y NEHDOFENR LN\ D T (Roitt et al.
1987), HPUEBA L7228 538571388 <, kb
AR HICEBAE £ L CEEIET 5, BIEfTDR TV
BT, FEWED L) RIbFRER 2 EHT 57
DI, EAWMHEEO LI, EHOBEIC L HARES L
DRESELBEREEZHE LTS, 22T, AEOEKE
iS22 0 C b BT D RGR E E L TEERE)
& LTV B AR AR HEEEEZMHEL, 5121
RSB B EERHEE ABYICHESELZ 8125
TRl L, BELEEADAENTELINE
EzoN5b, Lo L, BEOEIHRICET K
BTV TRATICHER L-WIE IR 2 STy,

BEDOEFERIEIN B 5 ERHEEOMAICH 72 5T
FEEHITREZLIE, FEEROBREMEFIERICHHLZ LT
Hbo COFMIIEBTHEBNG L 2 HIEE L FERD
BRelcit, 722D TYHHOKERTH 5

Vibrio anguillarum DA LEVEITONS, €7 Y 4R
DERE TH 5 V. anguillarum (\ZF&Ge U7z 7 23K EKIC
iM% 2 LCRE L (RH [ 1983), Z0mgett & Joitix
EBITE, RREDBREMF & LTRIEREIZEZONT
BY, BEL BEBIICIET > THRICRIYRE 2K
L7=:Db, THRMICBGMKINEICERT HLExbN
TWB(GLE 1 1978) 2D X HIZ, TIDY T FIHIZHE
FEA58 <, ZOREFIFNFRE THH I & 05 (Rg s
NTWBHDT, KEMEICBI5EEEHBELERT
EBZLE L TRYTHLLEEZLND,

HIET LOEEREPKIEEOH T Y 7 FEMEIZOV
TREL, DYEDOEMEE LEELMEZ HDTVH,
ET7YATRDREEILL o TRELBFEOHREE ) IT T D,
ZDE) BWETERT L2012, W% L O bEEEH
PG INT2HS, ZOZ EDEHNIAT AW HEOME %
B EERY, EROFBEZIHT S & HEEE 725
o BT, REROFH OO ERWZT 7 F > O
FEARA DNz BEOMEBRIRICHTE T2 5 08
F&13, 19424F|2 Duff I X 5 C cutthroat trout (v 20 1 ;
Salmo clarkii) |2 Bacterium salmonicida @ 7 0 0 7 ) A
NMEREEZEORSG L2 LIS 575, 197084812
%o CREDT 75 V33 BRBHAREIIIITbND &
HIZ% Y, O T 7 F > (Schaperclaus: 1972, Fryer et
al.: 1972, Rohovec et al.:1975) DAIZ b REET 7 F
(Amend and Fender: 1976, Antipa and Amend: 1977,
Croy and Antipa: 1977) M%7 7 F > (Gould : 1977,
Gould et al.: 1978) DEMMENED LN B L H 127 -7
TIDETVARINT LT 2 F e LTIE, #O75F
> (FH & 1978, Kawai e al: 1981, JI|4 : 1985) &
HET 75 (FA - LR 11978, Kusuda et al.: 1980) O
BRI HE SN SOXIIL, WFho T2 5 v ikE
TEIZBNTH BT DFHHEDSHSNDBDS, 20
FR 2 EABIEIC OV TIEHEL A TR B 5720 LAL,
& (1985) 37 2D E 7Y AT 550 7 7 5 5
EBRH 5, 7z Fletcher and White (1973a) 12 plaice (%7 /
A VA D 1TE . Pleuronectes platessa) DIFAT 7 F 15
ERP D, TNENRGSROBEMEICTAOEE ¥ #E
L7z0 BIEET 7 F 2 12DWTIE, Lobb (1987) 75 catfish
(T AV A F < XFD 15 Ictalurus punctatus) 12T = b
07 2 == MUY <IET V7 I ¥ 2 BEEICL - TS
LcE T, BREAOEFMEPICHEERBL 20
I, 70 FVOBREHEEVEDLLOD, TIF
YREIE o TREOKRFEIHAEIEEL SN, 20
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PR CEGDIMEF & UCER L, BEtT
i 700 BBELEEE2 L TVAHI LIEHENTN S,
L L%aDS, 48 E T, ZOESMHIEFOFEOERIC
DN TORFRIERD TH R,

—75, HREMEIC BT HEEERBERTF L LTk,
BOXHIRT 7 F /Lo THESNAIFEBHMRT L IE
BEBHEFIMON TV D, FFEFERHHRETICOWTI,
W F TIZY V' F — & (Fletcher and Grant: 1969, Fletcher
and White: 1973b, Murray and Fletcher: 1976, SfE 5
1986a, b, 1987), #RIMLEREELEFE (Di Conza: 1970, Di Conza
and Halliday : 1971), %k (Harrel et ol © 1976,), 705
7 — ¥ (Hjelmeland et al: 1983) B L O C i ¥ » /3%
% (Ramos and Smith: 1978) BSHE E N TV 5, ZHTD
VT - s, WEEBEIGEE T EIRESN TS
1) (Creeth et al.: 1979), $EEICBIT BV F— L DEREK
BEF & LTOBRENIREVEEZOND, VT — 4
1, 1922412 Fleming (# : 1977) A5t b ORI & HhiH1IC
FETHEVEREEL D OBRL LTHRE LTk, &
HEADEWRICHFEIHER EN TS, FE, VI/F— L4
OEHEFBEICEREEAZTCiEe, fREF/a7)ren
BEAER & 5 ISR O R EEE L OMEBR T
DI EBREFHLPIZENTBY, EEHHEEICBTS
JVF— AOERERR L VEEREINDLICE STV 5,
F7z, RMEREERIOWTRAEDOEEMEL, SRB S
N2 HEEFI 2V, L L, BEHIEO TR
FINRIETHY, RMRKEEROERT LI —HTHZ
L b, RMFFEBERIERGEFICHMATHEEZON
b, WiT, RMERGEEEMEL DL 7 F v S EFHEY D
HERBERRIC B 5 RipREik (%I 1 1992) RIHHLED
~7U77—YIZBITS lectinophagocytosis (Ofek and
Sharon: 1988) Z: L DE WA LTV L I LA HE SN T
WhZEhh, RMFREER IEEHEOEEIE LT
HETEELRRFCHAHLEEZLNS,

AEFGEE, DED L) 2EELERIC, T1ENRARE
L LTABEDEMEIHBED 0 TORAKONEDE &
LTEELZHEE LTV AEENE,S, SREKDERA
FELT7 7 F v BREICEL > THESNLYMEE, 723k
REEFGHRT L LTY VF— Lo LRMEREERZ, Z
NENGEEL TZOWREZFMICKEIT L-bDTH 5,

FRMLEREL 2223 6Nb, Thbb, HE28EH,
L&A BIIBWTRIMED LB RO 2 P ORRER
BHERT THHHEICONT, E5EPLECEICBNT
2, AEOEPOIGEREEGHETFTHLY VT — L

7+

ERMBBEZIIONTHN, 7, 82 ZTIIEEN
WEHRICHE R FET 2 AERART 572012, T20ET
VRIS BIEEET 2 5 Y OFHEICOWTRET L
V. anguillarum DISREHIBEE R V< V) Y NIELEB DA
DB N ER LRI L, E3ETIE, EEET S
FUrBREICLIAMEOBAMFZHREL, ELEOWS
POPESBATSE I L% 6 IHERETOL 2 F 5
WESRENREORHIRICEE 2 BH R LTwHI L
RLTco BAETE, WEET 7 FVICk o THEZ ML
RERE P OFERINET Ok EFA—DbDTHHI &
2, MEPFPOBITLZDDTHLILZRELL, &
S5ETIE, HAEHETOYVF—L%2BEL, F6ETI
RMFEEZ T MOBELT, K2 OWREZESPICLI,
BT ETIIRHREOBRREERAINTER L.

g28 7i0OETIARICHT 2REE
77 F 2 ORRIEZR
% 8

V7Y ARIGERET LIS REWEET GBI L0,
PFEWENSHEN20, BEROBEIRO LTy
Do ZDDIT, HEVREEL 2o/ M) TRZL, B
MR ORE R LI L A AREE LORBELERS Ty
%,

FIT, FROFHEL LT, 8O7 7 F v PREE
7o FUAEESH, AOEFED LN, LaL, BiE
TR F VG HEORFEEIE N L LEEDT T
CELELTAIEN, TLBETIIUNEIILILIANDR
FLUARTEE ZoTWAHLD, TNHLDOREEZHAS L
AT F Y DORAFENFLENT NS,

—RIC, BOT Y F Y RREET 7 F v ERE LIAD
MEH QPRI EF L7z, SROHERBEL LT
1& Vibrio anguillarum BRI L 5 NBBREERIZL S
BRBEOEL T 7 F VERSALIE L2 ITIE L2,
ANBEGESEE LTI, REREEZESNCL > TEET LT
EREHRBEIC L A ERALERATRB I FELLE
BN TE, LA L, EFICLZHBOMER, A
Bz AaGRICEBEAT A0, EEHEREOSE R
T HHEFHIRE S EAT R0 {, ARNHR
PR S TVWABBFEETER L2V ETh b, 72, B
BRETRERAL SR SNABEEPHL P TIRZNE
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ERMOBEREIC L BBGEDBNDH B 2 & 7 EICRIE S
BENRTWVS, '
I THRETE, V. anguillarum HFEEOHME TH

B LW OIEFRE L AR OETNE LIREEO R 2,

T F RO RISEIE 5 NSRS 2 T 6 20T B
L&D, TOFERRACTEREY 75~ OEHEICD
VTR L7z,

2.1 Vibrio anguillarum D&M EFEMEICERIFT
BRENSE

TIDET) FFOERECTH 5 V. anguillarum |35
FEREEICHV S NS HERNE 7 2 (Muroga and Egusa :
1967) 25 b, WIEMET L (BE - T 11970, EE S ¢
1974) 6 b FEES N, HEKB X UATBO 7 ZIRE
HERTIEFMONT VS, KE DA 2 & U2
BEERICOVCIaREE 5 (1979,1981), &1 & (1980)
B LU Kitao ez al (1983) 12 & » THAICHET ShTw 5,
ZOFER, TIHROFREOMIBRIZ 3 ~ 5 HICHESN
TWBY, ZN6DHH, PokgmEREVTRD 1D
ATHEEEN, ZTOMOMBENXEKEEETHL L SN
TWwb, ZDLHIT, FREDFEZNMEIZOWTILILE
B ECHIRENT VDY, FEICK BRI ICEERE
B & 72 B RN MRE S v,

ZTITHEHTIE, 77 F v OBR5520BIEZHEES
FELT 572912, RAKHED V. anguillarum D &FEE5
BREICBITDEFHICOVTRET 5 & & b2, &EES

BETICBIT 57 LIS+ 2 KB ORERIC OV THRE L,

B  BREY A &AM L 2 BIERI 7 & DNTRER
THEATE D ABBIEFEITOWTHN

MEB LT

EREDREICH TS V. anguillarum D%#EER

(D EEEE 1978 EREMETORMEIED 7 LHAD
COBEL MBS EAKBTHLI L EEALE V.
anguillarum DIEFERT A V2o AE T 2 % EENEEE
REEH (HK) T25°C, 208ME L-0b, REEHANE
KIZHI10%cells/ml &7 B & 5 1S HBB L2 b 0 % HRE
We L7z,

(2) BEESBERS WKFHTRT & AIERERS O
2ARPNEERL, TRENORKICBITLREOEESE %
RS L7zo MERFHRFIGERE K CTHMLA 1, 10, 258

L UB0% MK 7% & TR L T2 Wil o 5 Stk % sl
L7z, EERERFIZEEZHEKIZ0, 5, 50, 500,
5,00035 X U'10,000 ppm 127 5 & 9 2@ L7= 6 3k, 7
ST 2EAEFKIZO, 2,0008 & UF8,500 ppm 70 L 7=
SHKDER I FEORAKRER L, £BKIF121T,
0 MEERE L TRV, 28, KIS METFEEE
T, HEKEHTAR T 5 EEBEN T O 7 2558
WCHRK L,

EFERHOAE £K100ml IHRER0. I ml 702,
THICEELz0L, 18CICHE L T—E8l L IcEE
BElE Lz, 2B, EEEOWUEEFREREICLY

2 % EIEMME BEREE M (H7K) T25T, 48KFRIkEZE LT
To720

ERRBEICE D V. anguillarum DIFERSRE

(s B o500 [FikARERKE T HAS
L7 P9 E28 g O 7 1% iV 7z, RN THEAET 6
EBRTECTHEO T2 A~V y FEHAY, haER1
E#5 L7z,

() 58" WE L CRKED V. anguillarumHE
BE 2 %EIEMT 4 3 > (AKR) IR L, 25T C20RRE
HEELZOLZHW,

C)EBERAEK TaATKCEEZENLT &
RIBEE 0, 2,000 X US8,500 ppm O 3 B3 O W ERR
Ak fER L7,

(W m:sBadE  MRE R T RRILEE.4X10%ells/m/
2% 5 XS ICERBFEORL 2 SR EREBRASAIENL,
R LA oA 2 205 BiBE L CHIBHE 21T 5 72
BB, @A T 7 IAERER LAERAEIZL L,
I0HM#AE L TREDHEEXBEET L LI, BRAD
BHPOEOGHEZ A7z, 2B, HABRBITEEREN
0 ppm BEX TI0R, 2,000ppm BT EX CISE B L U
8,500 ppm LEX TI6R & L7z,

BRHLUVEE

EEESBEICET B V. anguillarum DY

HERFTHRINCB T B V. anguillarum O B O &
2 L% Fig. 1 ISR L7ze 1 %K TREEEHRI2EE
LAPIZ10 cells/m 3Ri & 72 5 7245, 10, 253 X U'50% i
Kb TIXHFRL TV RWEKTIE0EZICBNTY
10%ells/mI L ETHR L7,

BEAKICEELEN L - ARRERFICB T 2 EEED
R ZEALE Fig. 2 1OR L7z, SRBEEER, SkRE
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Fig. 1. Changes in viable cell number of V. anguillarum inoculated in diluted seawater
and non-diluted seawater.
;1% seawater, [1;10% seawater, @ ; 25% seawater, 4 ;50% seawater,
B ; non-diluted seawater.
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Fig. 2. Changes in viable cell number of V. anguillarum inoculated in NaCl-added

distilled water.
B ; 500 ppm NaCl, 4 ;5,000 ppm NaCl, @ ; 10,000 ppm NaCl.
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0B X U5 ppm TiE 1 5LLAIZ, 50 ppm Tix105-LAAIC,
500 ppm T X204 LI, 5,000 ppm Tix 3 HLLAIZ,
10,000 ppm Ti&15 H LAIZ Z N Z B 4510 cells/m 2 5k
WErole TNDXIIC, AEERMND S VIAEEEE
XIZBWTHREOAFEIECER L, KERD TR
B &5 VIZEIESBEICED CABBEEOETICL A0
LExbN5b,

DEW, FEKICEEEEM LU ESRERIICBITS
EREBOKEHNEILE Fig. 31K L7z, B HER,
HIERE 0 ppm Tld 6 BRIEIC10 cells/mi Kk & 72 - 72
7%, EIERE2,0008 X 08,500 ppm T30 H #£ b 10°~
10%cells/mi THR L 720 HF X AT TOERRE L IZIT
—3 L, Z¥KICEIEI0,000 ppm 2R L72BE DELE
HMEIDbE, o7z, TG, BKRBLUFAEKRTOER
Wb IIEEBA 4 Y ORFICL BHRICES D EE
Abib,

ZEL976) 10k bk, EHEEURAKTAT SN
72 =% ¥ 7 F ¥ (Anguilla japonica) DY 7)) T IREERE
Vibrio sp. (388 KT 1 Re LA, B AIEKD T 6 B

108 ¢
107
108
10°

10*

Number of viable cells (cells/mZ)

10°

10?

10"

FILAA, 38 X UMK CHE24BERT AP IS SB35 D IHt L
T, AP TIRSEUEEFELIZE LTWE, ZOHET
BEERENHRENTELT, ILEREELBTCTH
D, ZEEODBELEFHFEL LD THERLZEEIZTE
e LarL, i L blKF COEFEEIEVEICD
W, BEEOORRLE—BT 5, $72, #H0Q975) 13
FEADBEWRERE Vibrio sp. K-3¥IZDWTHEKFTO
EFMERE LSS, OAMEERFEL-ELTEY,
EELORBRE—HT 5,

ZDEHL, ERBETRKAFT7 THRTHBIZS D
DO, KR COEFYEPEDP 5720 TDZ EHD,
BB I TORIEAKPICER L T2 d DR, HBAKICEFTL
72DTEZRWHEEZ LN,

ERREICLS V. anguillarum DREHOER

BRBZEOUERADEFEOHER % Fig. 4 IR L7 K
BERFEKOAEIEIRED0 B X 02,000 ppm DHAI121E, 10
HREICZNZENS0B L 0% SEFE L5 LT,
8,500 ppm TIZ 8 HIZICTNTEILL, EFERIZ0% L%

72

S

20 25 30

Days

Fig. 3. Changes in viable cell number of V. anguillarum inoculated in pond water and

NaCl-added pond water.

@ ; pond water, 4 ;2,000 ppm NaCl-added pomnd water,

[ ; 8,500 ppm NaCl-added pond water.
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Fig. 4. Changes of survival ratio of ayu after water-borne challenge with different NaCl

concentrations.

@ ; pond water, 4 ;2,000 ppm NaCl-added pond water,

¥ ; 8,500 ppm NaCl-added pond water.

BEI0 A DB e AE IR, AR DT 0 ppm Tl IR
B X OB OFEHRZ & IR EREFEI BED 2
WIREESROLN, BEORRILEINTH 572, 2,000
ppm Cli3ffE s X OEHBETORFR, RAHOBEES L
UTGE DRFHFRD b sz, 8,500 ppm TRIFEEEDFE
R EIEE, HEERIC 2 ~ 3EFTOBMEEES L UBED
Bk EARO SN, kB, TATOBIEMED S K
D V. anguillarum HBREFEBRITE VKRB THEES N,
EEREIE T DKIEIFL7.0~17.5CTH 572

ZDEHI, BHEHBET 256, LERAATANO
BEARMEOHEME & ST 2OREFENLF L, FERS
EATT AERAED BNz, 2o DHESIFEREHROR
FHNEE 5727213 TR, BHREFOENICE > TT
IDEBEFBARESHEL, FORERE L CUREHHEE
PETFTLZZEDZER NS,

Ellis(1988) 137 7 F Vs R DM, 77 F v 25
LT Wit 0B DEFRERI6CO% L ETH D &AW
BETHHELTWE, SHEDOEEH,S, FEFEKTIC2,000

ppm & 5\ 138,500 ppm DEEZHEMT B LITE 5T,
HHADO% D EPERT LI EPHLNE R 572 LD
L, 8,500 ppm EHEBMOBE, & TOHKAITLCT S
L) BREETIRA LN WIEWRES A O &
5, 8,500 ppm EIEDTNITIE B AR FEMEE) 2B
HEFRRAE KB L TR Wb DEEZ BND, Li2d5s
T, T2F VIBROHED - DEREME L L Cid#ET
BWEHE L7, £2°C, 77 F VMR HET B0
12479 BrEF2iE, 2,000 ppm DEIE F N L - FHE K
P BB 2 H10%ells/ml & 25 X ) ICBELT,
HRAL07HRET HHEPRLETH S LfEm L7,

2.2 WEERTIFOEHE

FEET IO T ) AR T HFHEEE LT, £OT
7F v RREET 7 F BB EN, FNO OFMEIHE
BENTWA (EES 11978, FAR-JLE 11978, FEL
1979) %5, 77 F v DHE5E, HROFEFRESL L UAREA~
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DA PV A ECHENBRISNTEBY, LY EHTELSHE
PEL, HRESEELRT 77 OEREFEETR TS,
19774121E Gould IZ & o THEEE: Y 7 F U R & h,
¥ ¥ ¥ (coho salmon; Oncorhynchus kisutch) D ¥ 7 1)
TR L CHEDEIRD bz, BRI Eh-T 7 F
v & Vibrio anguillarum D6WEEHEEFR IV~ ) gL
BIC0.15% <> bJ A4 PRIEML, pH23.01CFHE L
72bDTHolze BRI ZFOEHMERE L, AT
APVADEMTHE I LN, ERAENEVLIDEEX
b7z L L, Z0% Gould e al (1978) 13X A

b DEMR pH OFESWLE TR EHE L7,

ZIT, FEHTRT7TIOET ) FRISHTT AEEEY
FLREBITBNY A OFEMR pH ABOLERIZD
WTHNB E LD, BEORR LT 7T DAMEDE
REFRMEICOVWTREL, 7257 > 0B5HRE2HL»
2 L7,

ME&LUFE

N MFAPEME pHBEL AT 7 F 2 OER Bk
(M gEEs B 0500 [HASKECPREAT L2 EY
B2 g7 LRV, LT, ZFEBRKEIC20~212
ZPEL, BHIERL y MERRHRS LTEE L,
27 7F >0 1973 ICIOREMTEIOT 2
RN B HEE L7 V. anguillarum V-36%% F\, Fig. 5
WORTERRICI DR L7z, bbb, 2 %&EMT (3

Y (ATF20.75%, RY~<T+~1.5%, &H2.0%, pH
7.0)T25C, 96HFHIRE J ¥ LA BIC0.5% DR
UYRHBML, 20T CURMMNEL L2, 2t 52124
T, NYbFA F%0.15%MMA T pH %3.0ICHE L
Gould D77 F Y (UWTFATZF2E$5), " b4+
Z0IS%BEMLIZRY b A MEMT 25> (B2 Fv),
PHZ3.0ICRELZpHRALT 27> (CT 75 ), 0.22
pmDITAT 4N —TEHERRELEELET 75
Y(DIIF)BLUFV=Y Y RELT 2 F-96(ET
7FV)DERI SRR L.

B79F>DEEE KU rFrEIT—ar Ty
YR LIZAT L —=F VAN, Skg/em® DETI %5
TTEFEOP520~25cm B L7 EOMREAICS ~ 78
F—FEICHER Lz 3B E LCIREERRE LR 2B,
777 Y EZHROEHAOBEINE LiERkIRERHE L,

@mPRERMORTE 727 F > EE 2 HMRICEH
SEPOEMUBIEICL D IRmM L TERSEEL, <42
05 45— X 5T V. anguillarum K0V <) YIEEIC
Y B EEFM R HIE L7z,

B)FHEOUEE 7T ESEE 2 BHOBEET
ZHE LR DEI5~16RIC, BRHELIT- CHEs
g L7z, MIBBEBOHEE LTIE, 2,000 ppm OEIEE
Mz 7236 IDZMAEARPIZ, 2 %EEMTA 3~ (HK)T
25T, 20WREIREEE U7z V. anguillarum V-36HEHLINIE 125
B B7 LRABERDBEREL.2X107cells/mI T L,
ZORICHEFRAETANT, BERELEIL205HEEL:,

Vibrio anguillarum V-36

Incubation with shaking
96 h at 25C
-in 2% NaCl-broth
Inactivation '
0.5% formalin,
24 h at 20C

[ I
Adding 0.15% Adding 0.15%

Adjusting pH

|
Filtrating with

bentonite bentonite at 3.0 menbrane filter
! 0.22
Adjusting pH #m
at 3.0
GOULD’'S BENTONITE-ADDED pH-ADJUSTED CELL-FREE FORMALIN-KILLED
VACCINE VACCINE VACCINE VACCINE VACCINE-96
(A vaccine) (B vaccine) (C vaccine) (D vaccine) (E vaccine)

Fig. 5. Scheme for

the vaccine preparation.
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BEAICHRATIARNERKEICEL, 10HEAELT
BROFELBEE L2, &8, EBRIIEFOKIRIZL7.0~
18.5CTdH o7

BT 7 F o OIS E MIBE

MEFEs sEZERIC, FHRE2LgNTIZEE
BokiEIC20~21B %A L, BH1ERL » MEEZHRS
LTEHE L7

@279 F > D8E V. anguillarum V-36 %k % W,
Fig 61O RTHEEICL Y 4BEOT 7 F 2 E- L7z, £
9, 2% EIEMT A4 3 T25C, 6EEEIRE HEELLE
WIC0.5% DRIV~ Y 2EML, 20C T2A4REBAEL L
FeRv= ) YARELT 7 F -9 RIEICEEL/ZET 7 F
v) &, R 96RERHR L ) 5538 L2 B £ 100C T 2 KA
INBE L -2y 2 F V (FI 2 F V) D 2 B2 ERL
Too 72, 25C CABEERIR & 9 KEEWWIC0.5% DRV ~<
YYEREML, 20C, 4BBAREL LRV~ YAREL
T FU-48(GTrF V) RN YRELEBEET
B2 HE L BERLE Y 75y (HI 25 v)D 2%
e L7z 2L C, ShODARI4AEEEZET 7 F 0 L
LR L7,

@7 7F > 0OEBE MELERICLTESE L. &
BELCIHEBRHEY R, 2B, 7757 VBEROM
REDEILRE L BERREBLHE L.

4 MPRERMOBE FIIEHL FRIC L CRERME
H5E L7z,

(6) BEEOHEE 77T v EFR 2 HEOREEM
FRE LR O£I5~16IC, RITH L FEIC L THER
BET 5 THREHE L. TWEEEIZS.2X10%ells/ml
E L7z, 2B, EEHIEFOKIRIEI8.0~19.5CTH -7,
79 F o HBROEHFEOKRE®

(NEsE 727 7 Y EERICIES D500 17K KE
THFHAE L FOREISgD 7 2 M0BEAW, ZL
T, BIE &R UHETHEE Lz, dRBOEBRERICIIES
B LB 7 1%, 00 &k KAEICEIE
LTRW, %8, HFFROBRAIETALPICL ) BT,
Tl S B OS5 R AT,

Q)79 F>08%E V. anguillarum V-36%k% VT,
WEIORSEET, I6REIRE HREL TRV Y INE
k725 >-96(E77F ) R L7

BRV7IF EEE MELFELFETIT>7

(4) P RERMORESE MHEEFERIC L TRER
il % 5 L7z

G)EWEDHEET 7 F v ¥ BELL-OL, 1, 2,
4, 6, 1238 X U16ERIICHIE & RO HETERBR
B2To72, BUEBICHRA T HOFKREBKEICEL
HBAET L CTREOFEYBE L, &b, ERERE -
R L - RBIIEER, HROEEFEHLDICIBLIY
4EMBIEZENRERIRE L, 2, 6, 128 X U16:AM#E
IZIZ15E & L7,

Vibrio anguillarum V-36

|
Incubation with shaking in 2% NaCl-broth

[
96 h at 25C
I

I 1
Inactivation Heating

0.5% formalin,
24 h at 20C

FORMALIN-KILLED HEAT-KILLED
VACCCINE-96 VACCINE
(E vaccine) (F vaccine)

2 h at 100C

48 h at 25C
|
r i .
Inactivation Inactivation
0.5% formalin,
0.5% formalin, 24 h at 20C
24 h at 20C Ultrasonication

I

FORMALIN-KILLED  ULTRASONICATED
VACCINE48
(G vaccine)

VACCINE
(H vaccine)

Fig. 6. Scheme for the vaccine preparation.
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NP FAPEMEpHBRICEZT I F 308
FTRTOBHAENY M A MEMOFES LU pH A
BOFEICERRZL, 775> (A,B,C,D,ET7F)
MEHE% 1 HECEERRB L. I/, BRRELEET
FAELE R ORIBIIED bk h 72,

&V F UEBEROMPRERMII ERE T 1 4T
T, MEROEERHOBERMEF L TH 72,
EEBET 7 F v OFNUDOERE Fig. TITR L7
Fbb, UrFYEEREREL CI0H BRORKETREE
WXET 7 FUEBERTIOON, AT F U EERETIAY%,
B 75 VIEEHET6T%, BLUCT 77 EBERTIY
Thotze SNITHLTDT 7 F > L MEEHTIILER
8HH& 6 HHICEHOLL, AEEIZ0%ThoTo
TERTIF o OBECLDEIEDER TNTOHR
ﬁuEJ&Gaqv7%y@wfn@77+y&%%&1
ACEATALI IR, £/, MBEHROEBIEILT 72
KBDHLN2P o7,

&Y 7 F VESHOMFPEERMIE LT, BEEH
EREBEICL D AT CH o7z

NEILLIZE~HT 757 Y OFMEDNER % Fig. 812
IRL7zo Tbb, ERBEL CI0HBORRERRIZE
7T U EEREA8L%, HY 7T IEBEETII80%, F7
7F VERERILTA%, GT 0 F UIEERIE62% Th 72D
LT, WROEBBHEIZIZ% ThH o7,
TIFBOFEE b dNEDHSET ST
DFHFEHERND DI, 7770 %BELT, 1, 2,
4, 6, 12BXUI6HEMBICHE LR Fig. 9157
Lo 775 VEFZR 1BBBOBEIC X 5 BRERRIT
T 5 VEFRTIE0%, MEOEEEETIZI0%TH>
720 2HEMBOKETIXY 7 F VIEERL100%, WEE
HTIRO%THorz 4, 6, 12BLUIGEMBORET
&, 775 VEBEEFCTNRL80%, EEERHIZI3%TH
oo %B, TOBDET 7 F 2 EELTNTOMRR
3, 1 HBICHIEEERGA LAY, 290 E31HZICIEE
B 3 BATEESE L7z BERADIERERIIRD b, Bl
POREPFEEENE D 570 ET Y F VIEBEEOM S
ERMITEAL b AT, EEERLRABLICL 4T
THo7,

%
100 ®
a \:—‘—-l

) \ \ .
o
2 [N g—8
>
5 N
ks 50 \A~'
£ ‘\
g 7 N A
o)
(=W

0 10

Days after challenge

Fig. 7. Survival effect on ayu of different V. anguillarum vaccines by spray
vaccination. Water-borne challenge level was 1.2X107 cells/m/.
[0 ; Gould’s vaccine (A vaccine), B ; bentonite-added vaccine (B vaccine),

A ; pH-adjusted vaccine (C vaccine),

A cellfree vaccine (D vaccine),

@ ; formalin-killed vaccine-96 (E vaccine), Q ; no vaccine.



12 *

%
100 ~ l\\\
\o N\ = 8
“ -
2
2
=
2 50
=]
=
8
)
[a W
We)
0 5 10

Days after challenge

Fig. 8. Survival effect on Ayu of different V. anguillarum vaccines by spray
vaccination. Water-borne challenge level was 8.2X10° cells/m 1.
@ ; formalin-killed vaccine-96 (E vaccine), 4 ; heat-killed vaccine (F vaccine),
[ ; formalin-killed vaccine-48 (G vaccine), B ; ultrasonicated vaccine (H vaccine),

QO ; no vaccine.

z =

AFEOMBEMEERIT 5107 7 7 ¥ OFEH L HIZE
1%, Duff (1942) % cutthroat trout (= A2 @ 1 #&; Salmo
clarkii ) \Z Bacterium salmonicida ® 7 0 1 )V AFEHE &%
B LIZERICEE 5o 208, BOT 25 VIHT AL
DFFEDITO NI, BREDORD H7zb DIk Ross e
al.(1965) 3 X UFKlontz er al (1970) DHFEHH H 12T i
W, AT 5T, Fryer et al (1964) 3 X UF Rohovec ez
al (1975) 12 X o THF ¥ %4 (coho salmon; Oncorhynchus
Fisutch) B & U8~ A J A 4 (chinook salmon; Oncorhyn-
chus tschawyischa) WK $ O T 7 F » DERNEHFED
SN/ D, BOT S F Y OEREFHFINS LS
%2720

—75, Amend and Fender (1976) 12 & o TREET 7 F
VK BREENFLETH DI LATREINZ, €L,
Z D RIETE X Antipa and Amend (1977) 12X o TEF
4 (coho salmon) M ¥ 7V FFICIHEN, BIEET Y
F v DEHESFERENTZ, DWT, Gould e 4L (1979),
Egidius et al (1979) 12 X o TH 4 (chum salmon ;

Oncorhynchus keia), X = % 4 (sockeye salmon ;
Oncorhynchus nerka) 3 X OF= < Z (rainbow trout;
Oncorhynchus mykiss) D7) /I L CEME L E
OB LER LIz, TZOETY AR LTS,
FAR-REQIB) BLUHFES (197912 & » TRIEET 7
T Y ORFEDE N EXFHELPIZENT,

F 7z, 19774E121% Gould (1977) 12X > THEFEET 7 5
CHEEEN, ¥ ¥ 4& (coho salmon; Oncorhynchus
Fisutch) DY 7 ) AR LT, V. anguillarum DI6HFRE
BN <) Y AEERIC0.15% "> b A FR@mL,
PHZ3.0ICHELLT 7 OEEFRLENTHH
LATRENTZ, L2 L, Z0O%, Gould e al (1978) 1,
= ¥ R (rainbow trout) 2% » % (coho salmon) D ¥ 7
) AR T BEBET 7 F L ICo0T, Ny b4 MR
e pHRABE 2T b W IekEEER V<) Y INELT 2
FYRENET 7 F Y OBEFEIIBNTS, 77T OB
ERENZ b, XY A ORI pH ORE IR
Eirwe L,

FITHREFIZBNT, $F72OET ) FRHIHTTHE
BETI7F OV MFA MRIME pHAEDPLETH S
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1-week
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2-week

100 |
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Per cent of survivors

100

50 12-week

0 5 10 0 5 10

Days after challenge

Fig. 9. Duration of the vaccination effect. Water-borne challenge was carried out one,
two, four, six, twelve and sixteen weeks after vaccination with formalin-killed
vaccine-96 ; and challenge levels were 8.1X10°, 1.2X107, 5.8X105, 8.2X10°%, 5.8 X
10% and 4.7%10° cells/m!, respectively. @ ; vaccinated, O ; unvaccinated.

DBREIPICOCTIRE Lz, 2B, &77F vV EERD
MFRERMO L EZRO N 5722800, T2 F

ORI ERBEROEZRECTHE L. AV VR
FLT 7 F 12Xy M A P OFEMP pHORE T 072
A~CO2FVBEHRELIDDL, TROOMEZLTWVRWY
E7 7 F VEZEOENESRLRLE P o720 L2205 T,
Gould ez al. (1978) DRIE L FREIC, 7T2DE T AIRIC
MY BERET 7 F I2BWTH, N A O
pPHOFERZLELW D LEEbNS,

BZEAWRDOD T 7 F /20T EERBION B OER
EIEEZFHEFEL0%E 2D, BHERIZEALHDS
Nahoize LL, D7 F VEEHOEI I EOMRE
EEHIVEBNTHILI 20, BRAWTICIEDZ
BAPEEINTVRLOTRZWAEEDNS, AERTI

BELWMOBEI L 2 HRADERIEA LN D 5 727,
FA - LB (1978) i3 V. anguillarum DR IEALREEEE %
BLTEEL - EEBEICHET 22 BETH E, BEIFTEDL
NBELTVD, 20X LBEESWOBEDOERIIER
BDOREER, 77F MEBIZHW-EROEREAYE
HBNVET 7 FYOREEIZLBEDEEZ BND,
DEI, BEENGLT 75 2 OEELERDEWNCZL S
FRMER AL, JEEREESEL/ZE Y 7 F » OF)R 12488
FRELZHIZF VLD 3RRB NI e o722, &
DI LiE, BEMBEEICL ST, HOBME LR
LA EOFH LR L 25 R RELTYS
ERbND, LdoT, wibv) U RNFELEEEY 7 F
VICIHEREREEL-OD LD S, JREEEL-ERY
FAWBHD, AOEIEwEEZbh5,
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DEIL, AV YRET 7 FV(ET 2 F V) Lk
725V (FT0F ) DBRMEERENSLS ETA% LR,
AN YCRELLIZE T 75~ OBFEHEIRRE VD
DD, METATELLIZF T 7F /IBWTH, »RVE
WPBEHRITED 5Nz, LdSs T, fEHEL (1978) D7
DTN ARGTHEOT 7 F V2B 5 R L ik
12, WEET 7 F BT, B0 BT S
P EELBRE 2R LTV EOTRZWAEEZ bR
Bo RNWTYYRNELT 2 FV (GIIF V) edRN<) ¥
NE GBS HELE L LB FEREY 25 (HT 7 F
VERND L, ENEFNORKERTDIC2% L81% L7
D, GU7F XY bBERERLILIZHT 7 F v OREME
AE, HHS (1978) 137 2D ¥ 7 ARICAT 507
Z7F BT, BEBERBELT - 72l PSR OE
WZEERBEDTWE, L oT, BEETZ7FVIIBN
THRBERECHIE S NI-MIEER, ZoRERE S s
TaAREWAS, B EEGHTEE LTERT 2D TIER
WwWipkEz bbb,

77 F Y RIROFHREDERICB WL, BEET 75
YORDLENAMESED O N-0E 2 AR T, EERH
DEFHEFE L7203 LT, WROMEERFEFHIE
%6 HEH CRBAFL Lz, 4BMLEOEEREOERSE
FZ KT T AERDA LN, 16HF TOAEMMEICIZ
ERDPROONLRDP o7z, LA 5T, I6EEERERIV<
VURERT 2 F L (ET 2 F V) DBIREF, Skl b bE
FRIGAM I CEFERINAIDELEEZ ONL, —#&IC,
TAIOEEHEIEA~5 2 ATHHI LD, BETIO
E7Y AR T HEBFET 7 FVid, T A5 —%EN
BETHLEDOL VI EMFRBEEINTZ, 2B, TOERT
377 F U BRGBEATHRRIC3 BB Lz, L L
ERANIHNEER D RO O NT, LTS DE IS
BEs Nz drolze SO Ehn, BEFLIIEZEHZ28H BIZIT
S BIZEAERFETHLLEZ OND,

MY 7 F v OEHRLIFICO W T Gould et al (1978) 13,

NRY M FA MERIMLUTpH 2% L 72 V. anguillarum 96
BEEERAV) VAEILT S F U REE LY VY
(coho salmon) ? Ifl FFEREEFEM X, 112H (16:8/) i1 B
WCEEZER LY DBWESERSLL LSz LTy
5o AEIDT DY T RIS THERET 7 F 128
WL, MASRERMO EFIERBDONLEP-720DD

77 F ¥ OFFIZ Gould er ol (1978) & FARIC16ERE 12
BWTHBOOLNIZ, —F, BETIOETY FIHITHT
BEOT 7 F  OFHsROFEHELHEIC OV TIZEHES

(1978) D#EEFH Y, 4HABFETTTHHEENTVES,
7o, BETIDOREET 7 F VIZonTidFEAR: LB
(1978) B X U E S (1979) DBENH Y, FHizhEiE 113
AUETHBEENTV S, LD L) ICEBET 75>
DFPRROBEFEMEE, BOT727F X 0d»RVEL,
REET 75 v EERRICEIBICh: o Tk 5 2 &8
Hohrlizole L L, 77F VEIEOERNABIZT 2
OEFEHABY EICEWLEEIZWOT, 4513775 Vil
DFEH, H5VIEEFREOER RTINS, 77 F Y
DIREUZEODLI L DM THHEEZLND,
SEIDEERICBWTCIE, &7 7F VEBERLY, mMpE
EFMOLFEROONLD 5720 LA L, Gould et al
(1978) ¥ >~ ¥ 4 (coho salmon) % = ¥ = Z (rainbow
trout) ICE T Y ARDT 7 F > 2 EBET B L, MPRESR
MALERTAIEEZHRELT VD, —F, FA-LE
(1978)1Z 7 LD 7Y AIR/ICH§ BBEET 7 7~ DIBE
121, MHPBREZMOLFRIROLNEZVWE LTS,
o, OT 752G LG 0MPRERMIZ LR L
BWETHHEEL (S © 1978, Krantz er al. !
1964, PRE} : 1962, Saito et al : 1964, Spence ez al. :
1965), T &) ZIMARENRKOFEIZT 7 F ¥ OS5
HE, EHRAOTEECKE L, KR, HBHVIEAPL AL
ERESTELLDTREVIEEZ bNE, SHBOWE
WKLo TENLEHLPICTELENH D, T2, REEIC
L BPEDEAZRRELMFTARDOF LR ERT 7 F /12 &
> THESNDREMICOVTZFDEBH AR H S »
IZTBLEND B,

23 B B

1. T2OETYARIETHT 7 F » OFREZBEIEIC
FHli S 572002, BEEITBEVABLBEFEIZOWTRE
L7ze 5, V. anguillorum D ZBREETE P CTOEFMEZ
BRIL72LZn, KRB LUT 2B EOAEKICESE
z 2,000 3 & 08,500 ppm i L 7238 HF T O LR R A
EOEL, 30U ETH 72 2T, COERZ V.
anguillarum D NBBREREIISE Lz, Tbb, &
R %2,000ppm 2 L7=EE KIS V. anguillarum D208 H
BEEW % 10%ells/ml & 2 5 XD IFEML, ZOERIC
T 205 FIRIE LA, BOER10E OBIEEHB0% &
Bolzl b, 775y DBRSHBRHETHZHON
BELTRETHLIEFHALPE R 572,

2. TAQETYARIGT HEBEEY 7 F L LT,
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V. anguillarum D968 B IEZERWIZ0.5% DE AT K<
U Y MR TREL L S DICEWEREL D S5z,
DI EDL, BILEL ENTWENY P4 FOBEN
R pHDRBIZVLER W LIPS o700 T, &
725 %100C 2 B QMBI E L7272 F 2 i2d &
V=Y YRERT 7 F v L FIFREOFRESTD S
CEDD, BT F Y OFERBIEGHIURIL V. anguil-
larum BARDWEETE Tl R wh e ZE 2 5Nhiz,

3. KT 75 OFEMEORHEHE I < & b 168
ThHho7lzledb, T7F %7 IOMANEC 1 ERS
THILILL 5T, EREDIZIFEHICE > TEWEDH
FHTEDLIEDPWHLPICE o700

FIE EEEVIFUOBSICLIRE
RO RGERRARIEOBET

#

MEICBNCTIOE T TR T LERET 7 F
DEMEEZHL MLz, L L, BESNARERED
ED L) LR THEANTY) A TN EOPIEHSL 2 TIELR
W, Tbb, 77FUEBEELTWAR, 71BED
B EZBRYELTWELD, 77 F VRN bEE
%MLT%U,%WZﬁEtLTWWéhfwéﬂ%ﬁﬁ
ExbNb, LhL, BEBLIUEOWTROIAIZE N
THHEAETE B> TVAEDT, 77 F Y DERSTH
% Vibrio anguillarum WAERBERN~NBY AENHE 1 B
Fee LTid, BEISRICAET DI LAARMRTHD L
EzbNb,

ZZTHRETE, HERIRLZRET 572012, 7
DIEED B ITEIZFICT 7 F v 2 5 LT, BBk
PHERSNDDE ) e NBHEERZIT > TR~ £
7o, BRERMWE V. anguillarum EE L DRBERICBIT
BEAMEICONTHRN, FRMGEIBIRGICEEZIET
DA REMEIC DO WTHRET L7,

)

3.1 REREORAFMF

Amend and Fender (1976) IXERZEET 7 F ¥ OHL
FERAMEZBE T 270010, TVTIVEZITR
(rainbow trout; Oncorhynchus mykiss) \ i EHES Lz &
25, PURIREICHE» ST E N, DWTHD S b RIX

ENBHZEERL BAR-EQI) T VRF V%A
WRIBDOERZIT, PUROKERSILEEA S M8
ATHDOTRZVWREHERE Lz, LAL, TNHOEET
WS ATEUEOWESHNONTEY, B X ) 2k
FROYWED LEROEE L FBICHED 5V IZEILEA
THENPEIPIEHES P TIE RV, T2, REEE LTER
LRRABBERANL DI, BICRYATWHEEY
AN D O Tid {, EAHNITEI S n-FuEiC
Lo THE SN BYHHEE CHliT 2 0 RETHD L
ES Y (N
ZICHRETIX, BBEY 7 F VICLBHEORARX Y
SR LIZOWTRET B 7-012, B 5VIERICOART
7F v R B ST LI NBBYEREIT, EEHRM
W& B BEHMR L B L, RERE LTEMLIED
BAFBIZDOWTHKRE L7,

MEsLUHE

#5A AkR0.5 b Y KIETEIZ LA FHEELgDT
1%, ZEIBETORV,

WHETIF 2. 2THVRGEEEEAR V) Y ANEL
ToF-96(ET7F V)RR L,

TIFLEE IIoFUEBEB)EEIEMESE 72D
12, FERAT V-2 AWTT 7 F v 2HRAICEZEL

INEEFEERL Lic, V7 F v 2ICEMEE 50
2, MRAOKEZHERE -V TBBY, EHET
WCLZRETHEZ Y £y FTHE, 7757 2FF5
ATV - HWTHICERBEE L/, 2L T, HFKHIC
EH TR LTl 2 PG, KB L CHlEERL Lz,
DEIZ, T FVEERIIOIAEMEC L0, HRAED
EE 2 HHKE - L TEBY, EEfT FICLTREE
WA O MEER T TORRILT 7 F VR FHRA T L —%
AWTHEE L7:0b, @FKFTHRELEREER, KE~E
LCHImEER L Lz,

HBHGE VT UEER2ARMBICKBET o, BE
WO, ERBOEER S OICHEBIEHE & Fkk
DFETIT o720 72721, BEITHE2,000ppm NaClF10
HABFKRER 2, WBEBIZEELE 34.7X105ells/ml T
Holze Tz, WEBRIOBEIZE T ARIC K AELAED
HEzBHBEL, BRAIrSHOLSEEE AT,
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BRHIUEE

77 F LERTE 2 BRI B ISR LR & Fig 10127
L72o MBEORREBRRIT, SHEERT0%, HAE
BRT64%, BEERTIIMS% ThHo77e SN LTE
MIEBEETIZ20% TH o770

77 F vEEROBREGHHR TS BREERICC
LRCEL, 77 F VEEHOL P TCREFEERITRD
FTNTBY, DWTHUEER, WEEHEOHETH -,
L725oC, HUREFRELEOVWTIIEZEL T 72D
RIEREFEEAL SR, EEPHILELR D HREDOTHD
EEESNDEEZONLY, ZOEENHEEIEE % EE
ENZHIDINL 5Tz,

BEET 75 v OBAFFIZDWTid Amend and Fen-
der (1976) R F A& - JbE (1978) DHIZEAH 5, Amend and
Fender (1976) X MiE 7 V7 3 v 2 BEHS LB AL,
FEPSBALTMEFNASTNVT I v OBIFEIGE
ATHEDH2EBTHAE LTVD, BA - LR (1978) 1%
Y AT v E AV CRBOER LT, B2 sf2A LT

100

wl
(=]
L

Per cent survives (%)

HHFNABL I AF Y OBIEBHREPOBATLEDH 91E
ThHoHrELTWD, INLDEEDS, WEEIEDOSE,
BATHHEEDENEZSH S 00, BLEEONTRY

5L PUEAFMEFMEATHINEEDbRE, LAL, B
o & 2IEMEEOPEMF R ~NBA L7258 4,
NS DFZETIEHS Tid% v, Nelson et al (1985) I
BEET 7F 22U RIS L-EE, SERE (V.
anguillarum FEWAR) LR EEHICIZEE, #5308
HOEF LIHFENICA LN, 1EBEZICETREICKRES
NizZehs, BEREICLLY 2 F Uy BEECRIUEIED
LIMFHEHIZBA LR, @FMORESFESINIZOT
FZnh LR L, L L, UG TIEDS OVER
AZRELTVE DD, FEFPLOBAICDWTIEHAS
P L TV,

BEET 7 F BB LEBET 77 k5 LI, RENR
EAST R A DFERCEIEM L0 b IZRENTESRENS
HIZBWTIERALTHAH0T, WROFEERLEEDE
BiEE, S, BWEEY 75 Y BEEEABRICHEIRS 2
LEDEPLRBATEIEPHL P ER 572, 51,

Days after challenge

Fig. 10. Survival effect of spraying sites of fish body for immunization by spray

method.

A gill, @ ;trunk, B ; whole body, O ; control.
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HEDP L DTWEDBAIDWTIE, SEDEERERD O
ROBANTREENTNS, SHFEMLREAPLETSH S,

3.2 GREBETIF 2 EOEME

B BNWT, BEY 75 ¥ OREREOB AR LA
REBOWMF TH DI LARBENTz, LL, HhELE
HEMIHECTEDLDNTCND2D, T F v ERHEEICH
BHEEED 5\ VI S ENNEEEAT S L 3E L
L\, TIC, REEBEOLESEEL LT, RER
PHERPOERET 5 &2, MilEFcREeshsZ e
VETHDLEEZLND,

ZIT, RETRASEEASRRG ICHE L &4 L TH
BEEEPICRETs0TREVDIEE L, TNEEHT
B2DIT 7 F Y DEFG TH B Vibrio anguillarum B
fh L ARFEREIE & DBEFAEIZ O WTRE L7z BEREICOW
T, V. anguillarum D) RAE VY » & 5 4 F (LPS)
ZRAEL ThH O b Lk S8 TH Wz ¥ FRmekic,
BREBEHEMLT, RREESCORER L TES
BEI DIV THRN,

MEs LUFE

GRIEEOFEAY THHEEDgOTI0RE AV, HER
% tricaine methan-sulfonate CHiEE L7=D b, hFE %%
BATHEL, 7725y 7 F e AV THRER-IEERNL
7o MU 4 fEE D 0.15m NaClin0.01m V) » BRI K
(pH7.2, V YEBHEEKR) #MATHRETF A4 A L
Db, 4TT23,000X g, 2055MELGHEL, BohiL
Bz 5@ L CHEMERE & Lz,
HFRIEHRDSE 58213 ConA Sepharose (Pharmacia)
TRV, Tbb, kFEHE % ConA Sepharose 71 7 A
@MU, &, 0.05M a-methyl-p-mannoside % &
©0.5m NaCl i0.02um Tris-HClHE & T LT, ConA
Sepharose FEE W45 & WA B S50 Lz, 5 V828
13280 nm 12 BT AWSEEDREIC X o THRH L7z,
FMFOBE 7 FROFE= 2T ~-5 Y FOFFD
HEHR,LBRML, 75 R ¥ — X% B CEHEimg
RS L 72, RER%E ) » BB E AR TRRIEH, 2.5%
TR 2 RS L CRBRICE L,
V. anguillarum BEH 5D UREY v B35 1 K (LPS)
DFER

MEEE®E 7277 EE%RTH b V. anguillarum

V-36k E3FBBER & U C Escherichia coli % AN,

(2) LPSOE® V. anguillorum 131.5% EIE ML EE
KEEH T25C, 2UBMMEEL, E. coli 3 EBEREHT
37T, 24BFRBEE L7, BERGKL ) Vv BBREEEK TR
#1%, Staub(1967) DHEE VT 7 = / ——kihl, &
05 (105,000 X g T 3 MERE L0 BES 2 B2V ES) B X
UM # R0 (CTAB; cetyl-trimethylammonium bromide)
MPEEAT-C, BHEALPS 2FE L7,
GRERICSIGEREDROATE BELL-EEAN
LPS 2 B#E8IE L, 2D 0.5mg %) VEREHAIEK 1 ml
WEBRL-0b, 79 FROZFEE 2ml LIRA L
37T T30 MInE, V) vEEREEIEKRT 3 mPkEL,
2.5% MRMERFEAETE & U CRERITHE L7zo EMEHISEICI296
RDOZA270545—H7L—F2HEV, 2ERBRBRAER
L 72 A5 D 5 v id ConA Sepharose ? &4 508 25
p T LPS W FRIM BRI 25 o L %00 - B4 L T25C
T2 E, SHIC4ATTIMEBER-DL, BREDOR
BEDEMEBE L7ze LPSIEBMEIC X o TR SN RE
TRINER & fREE & & 7= 50 O B B A RS SR 005 54 % J88 JoilG
L L7,

BRHLUVEE

BIEICBWT, 7EEMERICET 7 F ¥ OERST
H B V. anguillarum % FIRT DWENPFET HOTHEHEW
PEEZONI-DT, KETIIEEEE V. anguillarum
LOBAMEERSBICT 572002, V. anguillarum B3k
DLPS I X o THEE L7274 FRMERICAEREHER O
BRI LT, BERMERICHTT B 5k S0 o iRk
BR%E E. coli DTN L WEME LT,

T Ak FEHEE, ConA Sepharose W45 L U ConA
Sepharose JE & 5B D& RE & V. anguillarum B L O°
E. coli ISR LPS & OFFME%, f#EEIIM % Fv> T Table
1R L7z,

V. anguillarum O LPS DEAEIC X o TR Sz 4
FHRMIRDELE T B AREHIE OB R 1D W CTRE
L7z& T %, V. anguillarum A3k LPS 233 5 (545
DIFEETIM (64) DF A5 E. coli I3 LPS 12333 5 J71ii (16)
LO@mAZEehs, BEMETICIE V. anguillarum D
LPSIZH LTHVEMEZ S OWEOHFEESH L H &
%572, T X ZMEMIE ConA Sepharose JELE 5
£ UFConA Sepharose BEEFICBWT A SN, &Y
12, ConA Sepharose W& E 53 Cid V. anguillarum 12543
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Table 1. Disaggregation activities of body mucus extract and its fractions by ConA
Sepharose against erythrocyte aggregates by LPS of V. anguillarum and E. coli

Samples LPS source Disaggregating titer (1 :)

4 8 16 32 64 128 256 512

Body mucus V. anguillarum | + + + + —+ - — —

E. coli + + + - — - — —

ConA through V. anguillarum | + + + + + - — -

fraction E. coli + + + - — - — -

ConA adsorbed V. anguillarum | + + + + + + + —

fraction E. coli + + + - - - - -

BIIAT256C, E. coli DENDI6TH Y, HRFRAHECIE
WA BI) 5 EREDREHEIMGOERIZHRTEDE
DHEECTHolze TNHLDI MG, KEMHBEPIIIZ V.
anguillarum DWARPILPS 123 L TEWHAIE 2 RoW
BHFGHETAILDPHLNE R 572, EHLIIIDITEPD,
7 A DARFEREIRNZ L V. anguillarum BRI\ ENHE %
NTWEAFEL, BERFERLETHRENTZDO—ES
HER FD<2 07 5 — (Ourth 1 1980) 2 K IZERE N
enb, HEELTREZREN, FRELELFETLHOTE
P LiEE S NIz,

CDEHIT, TIDERMBITIE V. anguillarum \Z53
LCEME 2R TWESFEL, ThAT 7 F o DOBEHEIC
U CHAENR RT3 L L CRERICEE 2K
HERLLTWHEEZLND,

33 B

1. 92 FVIZBITHREVREDOBAKEBRERHL/20
12, BEERICT I FVIBEEZLI-OL, NABREER
ZiTo72L 5, BEEH LAREZSHOAREIVWTL
LG RIEHEDIS0%~80% DEZR L2 Ehd, HE
B B REFEOBAZERIIMFERLEOWM G TH S L
Baniz,

2. 7T IERAOTEBADBRHOR L 7 HEEMIE L
PR L DREFAMEICOVTIET Lz Thbb, V. anguil-
larum HR O LPS TY FRMEk P BESE, THICE
FERIR LRI 2 RN U C, RFREIIC & AR REE
BBEICDWTHNT TDRER, V. anguillarum B R
T IEFRRIT L TEVWEAE R R L2 L2, 77

F BRI L o THREMHREMBRICNE - RS0,
HEBTO< /07y =YL THYAETNAIL
X oT, MBEEIFESINLIDEEZ LN,

BAE FRMAICHTZBHREOHER
& & EO A

#

HEZTIIBNT, ETUARITTHEBET 7T
PG L7 2N B BRI U OB 2 R L2
L, T0FOEFENHAL N LR 5T, LL, T
7 F v HE5HLMBEBRTEMO LEBA LN NI E0b,
T 7 F G E BHERIEIC L o THESEESITY
BPEIBRALPTERV, ‘

BOv 7 F v %2%5 L7 (Kawai ez al.: 1981) B &
ST 7 F v 285 Lizplaice (V2 LA D 1 1;
Pleuronectes platessa) (Fletcher and White: 1973a) T,
RERE R OTRED LR HESNTBY, WEDEE,
Z DYEDSNBEL T LB 2BHRTFTH D La°
HLPERoTVWD,

RETIE, BEEY 75 v R5AOFREREH OFAED
BHEEBRELZHEALEL DI, METHELDERALZLT
I 2 & EREANOTAR O S W DT B DV TR
L7,
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4.1 BEVIFOBES5HOMES JUHREHED
RERIEE

—i%IS, AEOMBPRERMET 27 v 2T 5L
EHTBHY, BOBIUVBREBEETRERLZVEEATY
% (Di Conza: 1970, Di Conza and Halliday: 1971, JIl &
1985), 7z, WIBETRLAL ) ICEBEICLET 75>
BEADMBEPIC b BETRIREB SN R o720 LAL,
Fletcher and White (19732) X ¥ 7Y FHE DT 7 F » %
plaice (VY / 5TV A @ 1 7&; Pleuronectes platessa) \ZVEST L
JoAESR, MIET, BHIES X ORI ICEETE TR
HLTwD, JIIEQ985) T 95T 7 F » 205
L7227 2 0BERMEBEL-L 25, ML BHETD
GEFMIITIER D ZEZRITE VA, FEMETIEY
7 F VESHOFTFHELDPICENI EEFHREL TS, &
NLDZEhb, 777y ehE LioT 2 TRAEFMRS
DIEDPELEGHEDOKRELER L ZoTVEIDEEZ
bMb,
CAEICRERETY 7 F 0L o TRIES N T ZOME
B X OEEMIRR OBERME RN, ThEREOY 75
BLUEHFT 7 F oG L ERE L,

MES LTHE

fEle TIRE3 DT I0EBEE 1 BHL L, 580REH
Wiz,
#HEV I FOBLUREFE 22THV ALY VR
G725V (ET 25 2) 2B, BOES X OESE
THCTES Lz, }BRICIEY 7 F VRS ER V72,
(WEEET7F> 2. 2LFEBICLTES L.
Q#EOT7F7> EROTIF>%6,500X g TEAG
BELTRAELER LAL0L, TNICESEDETAEKZR
m, BE L. FAEAREEZ 7 2 REREE, 150
BREEVBBE 1 kgh-VEREBTlgkhb L0y
772 WA S, 108 BEEEFICE - TESERS L7z,
BVEHTIFY BOTZF OBELRABICERL
THEBBBRZEEL, 1RS>V EFEET0.2mg &
5 &) IEENES 1T 572,
MEDGE ERADMEOREIEEY 7 7 F5RT
BEFER 2EME, BO7 7 F RS ECEEREERT
%SHHE, EHYZF o ESETRENR4EREICHT -
7o BEIBNICE o CHRIMLL, 4 CT—MEE L0 LI
Bz Lz, MEIORSZ 17— & U CERETRE

ZHZE L7z,

GRMAEOEE M3 A % tricaine methansulfonate TH
BLiznb, 3.2 MBI LTHERIB L RNL, 105
17— E LCEEE Lz AR 250 % A% ¢
WAL, RERES%0.01m V) ~EERE T (pH7.2) ICIBHL
TRYZF VL v 7Y a— V#7500 CEHRMEORBEDH
10R5 2R L 72 b O 2 BEBMEO M Z ICH V72,
BEREORAE OcHAREICE, SEREE LRV
Vibrio anguillarum NEALE A % BE¥ L C, 0.15M NaCl
1n0.01m V) ¥ BRI (pH7.2) ICHERE L7- b D2 Ve,
BEPUAEEI~ A 705 4 5 —EE AV CHlE L.
HEBAOHET LHRE AR5 Ny KEL A, BHE
TES B L USRI ERBIE T EH 1 67 AR
AR5 LCHE L, T/, &OT 7 F U HE5HICET 2
FUHRGETHE A BB LRERER 5 2 1, ERYIH
FIEH, TIOEIRELBIEORELZEEL, &5,
EER R D KiRIX17.5~18.0C TH o720

BRELUEE

£ F o BERBLUT 7T v EREFHOMET B L
UMESERE T O B EF AN % Fig. 113K Lz, £BOIME
POREZMIZENT 7 F VS HTLI256LELLE
Molzh, MEBLOROT 7 F %582 6 R
TEWFThd1:4THY, BREET 75 v#&5H, &O
T FrBREABIUY S F U ERSADORBICIZERIF
OHNTY, BET 7 F L IlL 5 TEESNBYFEITCA
U A5 —FETIEERB IS VIETIEDHED, HHN
BIZEAEEEEINTOWRVWDTE Wi EEZ NS,
LAL, SEHOEEMEDORESMIZ, EHY 75 %
E#T1:64, BEBIUROT 2 F v BESHETRVTR
B1:I16THo7275, WMHRETIHLI 4THY, ThdD
77 FvREEIET 7TV ERSAIVHL PICEVEL
RLIZZEDs, WIFNDT 7T CHHEEETRL
ZOHRDEFRIE RIS HTH 2 Lo o7z, 7272, i
RAOEMREIEEEB I OROKET 77 V%5825
CISHBETIIRIFCH o 7275, EFT7 7 F 58T
BHITRNERTH 72,

TRFEREIE R D FURIZ D VT Fletcher and Grant (1969) i,
b FRIER, NET T =B XU V. ichihyodermis Bk %
JEREPICTEST L 7= plaice (Pleuronectes platessa) DRIRHEE
FICBRERGMS LA T2 EHELTWD, 51,
Fletcher and White (1973a) 1% V. anguillarum % 2 T H 5%
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Agglutinating Antibody Titers

Serum

256 128 64 32 16 8 4

Body Mucus

4 8 16 32 64

: Injection

Oral

Spray

Control

Fig. 11. Agglutinating antibody titers of sera and body mucus extracts of immunized

and non-immunized ayu.

WILFEIEPICEERE L 7= plaice ( Pleuronectes platessa) T,
Mg, AEMES L OB, OIS L
BICIRIME &R ISR F R TR E D 2 L 2 ]
LML TW5h, F 72, Bradshaw ez 2f (1971) 13 &7 Uik
MEREFHRPICERE L CRE L7z gar EEARIO 17,
Lepisosteus platyrhincus) HSEFEFEIPIZ IgM 2 EET 5
ZEx#HEL Twb, Di Conza(1970) 3 & U'Di Conza
and Halliday (1971) i& catfish(ON< 50 188 ; Tachysurus
australis) Ik Y VRMBRE M L71-& 25, HREREF
WCBRETIAI BB SN, ZoRAKRMERICAONRD
MR L RBOBES FRERKTH L LWE L1
Fletcher and White (1973a) i 1 i& FF OHLEMH A2 72 b L
F L7I2BEIC, RREEP~THRO—BIBITT 50T
ZnhLEZ TS, Lo L, JIE(1985) 17 sy
77 v @ BE L72GAES, IETOPURMATEN I S
DO PEFRAEF ICHEIFET 5 2 L h b, FEBRIC
WS NAHPURE, MFEF»SEEHEAER S L L
THRBRLEBETAWENOTE WD EHEHL TV 5,
SEDOEFET 7 F yHEAOEEDS, MEFIFMETE:
1Z& Db O THRERE R I AR S -2 &b,
RO 75 v ERBRICIE R OPUEBIERT LW THE
P ICHAE ST AREIH L LEZOND, LAL,
DL ) ITEFERIRE TR ICB T A REOFEEZEEED
RIFBO—BWERZ DD, HHVEIT K LTHEIIGREL

LTHRZ 250, MET OTEIEEMEEA~BITT 200
E)DERFEHL, & OIHEMET & ME T OYiffE B
L, MEDHREALPICT BUEFD 5,

4.2 BETIFOESHOMBICLZ2HREDR

HIEICBWTHEERICL 57 75 YRS ADMETICI
BREDUEYRRI S N B o 7220%, RSP Tl & h
22 h, R QPRI ORISR P
BIT-EELDOL0H, H5VIIEINICERETES
SN ODELELPTHL EHEM L 2o Kawai et al
198N Ty AT AEOV 7 F v 25 LT
DMFEZEFT7 TICEEL-0b, 8EBBZICHEERED
FIBIC & 5 NBEEEEZIT 728 25, ZEIRELRL
THIELEHR L SDIERPS, TLIZROTZF
TG LI2GE, WEPICRBEOTEISEESNT, &
BIM ISR ICRAT T B LB L, L L, Hifkd®
TTICET ML EERARIC L ARITEOER R &
DEATIRD D EBEN R EGEHAL 2Tk,

AECIIERE, BOES X UEEY 7 7 %58y
L5 6N MEDZEIREMRZ LKL, LBROERNE
HEHLPICLZ0b, BEY 7 F #5081 5 4hE,
BEARNDOHEDOBITIZOWTRE L,
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WHEls LUHE

EEE THRE6M g 07T 2 EHV, MG RN 572
ODBOR L, MiFEHEE L CEERENETHET 5720
DIRDEFISIRZ V=,
BETVIF O HLVEREFE 41 THREL-BEY 75
v, BOT 7 F Y BIOERT 7 F v 2 [ L RAEOFE
TG Lzo HBRIE7 75 VY ERERE L, EROM
BEE20RTOE L7,

HEMT £V 2757 B5ABLOERS AP 4.1 L
BICMEX 5L, 1RGOmMELY 1 F—VE Liz, &
T=VIEE YA 705 4 5 — k% v g e S
BWEL/DL, 0.22umDRA YT LY T4 NI —CTHE
WE L, SEREERICHRT S 721 BICH LT0.1m/
ZIRENERE L7, KX 8 ~12B% A/,

YRhE HEERORE, AEBOTEL SRS
BRI EFRBOFETIT o7, BRIMBERE 1 %

& MBBEAEARE R 0 2 47 5 720 BOEEBIIHEE 1 151
BOBETIE2.9X10°%, 24BEET4 T I32.2X 10%ells/m/ T
Holze T, BEBHTHBICBFAE T Y AHICL 28
RADHMEZFEAMERL, BIEALSEHOSEL AT,

B R

MiERER 1 B CHE LR % Fig. 12125 L7
FROEHAETERE, 5T 7T RS A0S B R L
XT0%, OV 25 BIUEEY 75 v 5 AILES
BELZRTIRWINL40%, SFBECIE25%ThH -7,

MiEHAE R 24 CHEE L 728 % Fig. 13137 L 720
BROJAETRIRI, T 2T BEAMEFEE L7
XT100%, #EO7 275 > MEEEX T2%, WEY 7 F
v IMEEEX T80%, MBX TIF25%Th -7
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Fig. 12. Effect of passive immunization.

Fish were challenged 1 h after injection of

immunized or non-immunized serum. Each group of fish was injected with the ayu
serum of spray-immunized fish (&), orally immunized fish (&), intraperitoneally
immunized fish (B) or non-immunized fish O).
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Fig. 13. Effect of passive immunization.

Fish were challenged 24 h after injection of

immunized or non-immunized serum. Each group of fish was injected with the ayu

serum of spray-immunized fish (&), orally immunized fish (&),
intraperitoneally immunized fish (H) or non-immunized fish (O).

z %5

BEERAVIZZEBRIEICIOWTIE, Spence er al. (1965),
Harrel et al (1976), B X OJIIA (1985) SHE LTV 5,
B 2 BEF T 7 5 ¥ 235 L7cAd LB - BEREmO
BWMELZEEAICEBEEL T, Z0ZHREDRzHEE
BCHLMIC L, —7, BEGREOT 7 7 H5AME
TERT7 LISEELT, 2 BRICBEBERZT > R,
MiFPEEZRMOEVIETHZHREIRILTHI LT
B S 2IT L7z,

Vibrio anguillarum O 7 I3 T B BIEEIZOWT, G
5 (1974) 12 £ 3 V. anguillarum 37 T DEEITE L,
B #L D B X B DAL CREE L 7o 0 b BUE IS HE R
95 L HfE%E L7o Muroga and De La Cruz (1987) ¥ RIS
V. anguillarum ® 7 112543 5 BB G AL MEERICH
5T LERLI

& (1985) 127 2D 7Y RIS T HEOT 75D
VeSS 2T A 72010, READERICBIT A
EMEBCHEONERILEE 2 RS L, TR, &
O7 7 F ¥ %235 L7z 7 ZOEFREE P ICTETZ W &N,
DY EEDOERENDAELZHETH L L BT, H5
TACEEE SN L o THREPSEBRERELT, &
REREICHE L CWD EEE L, 20XHIL, T2
DETY AHTHE, RRSDHREMAFTH ), TR
HCEEE S NP SBR i EE E 2 RE 2 5O T 5
LEZbND,

RETAT - 72 ZEIRIEERR T, MIEHER 1 KM TR
B -ERX ORBRERRIZESY 7 7V MEEEX T
bE L, BREMEEIRD ONDS, BEBLIUEOY
7 F o HESROEBRRIGTRR EIZEAEERI L, &
LR RIZEO b N olz, DI LMD, MIEEE
% 1EBETHE LS4, METRERMOBNI &
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REREDBELIAT R L EETH B EZ L NI, L
L, MiEEERMGE CHE L-EBRR TR, 75
v, BOT 2 F Y BLUBET 2 F ¥ DWThOME %8
U7X T D BREBHMREITED b, ZSHREIRT L
o Thbb, BEFRMOBVIEFT 7 5 v &S5 AME7:
FT%L, BERMOBERANAEOT 7 F v REET 7 F 3
5AOMETHZHREIIR L2 &b, BERENICHE
TS NIGURAT2 A & D DOREBII 2 BRI X THRERNT
FICRAT - TELER, hRCBI 2 WHIBREEMEL
CHALDTELZWPLEEZ OGNS, ZLT, HfkidE
EEBZICEEERBEABITES, 27 L b 2UBRILE
THLIEDVHOPI otz SO LIE, BETVIF
BHIC & o TEE SN REE R OB, RBFTRICHE
RTELESNIZLOTIEERL, 2FUREND—EL LTH
BHEPICEBENL L2 RELTVWA DEBERS
Noo LL, BREMEFICBITLAP G EERD TR
EDEFIZOWTHMEZEE LT, 20OEMZHE LT
IZRIEFIVER E WBRE T B LB D 5,

4.3 FREES SCIED S OREORBE

IR T DB WE Th HHEIC OV TOMRIR,

EELZWICER SN DDH 5 7 (Fletcher and Grant:
1969, Bradshaw et al : 1971, Fletcher and White: 1973a,
Kawai ez al. : 1981), ZOFFMZMERICOVTRE L2
D& A 7% > (Ourth: 1980, Lobb and Clem : 1981a, b,
Louis-Cormier et al. : 1984), %72, 7 ZOHAEKIZDOWT
DEEF %L, ZOBREERLEZEHERICOVTLHS
TRV,

L1 DFERP S, EEET 7 F U RGATREEER T
DEEFRMITE WS, MEFRERMAYR 0, THiE
THRELCZOERE BT A LIIRETHLEELS
Nb, LaL, EEEY 7 FrHERIIBVTIE, MiETR
B LUEEREF OVTROIAIC BT b BEEMIE
WZERh, FUEOEEICIESRT 7 F v RS ADMmEF
AVbD08ELTHELEEZ LN,

€ I T, FETIX Vibrio anguillarum (2343 57 7 F
Y(ET2FY) %7 2OBBERICES L, B5%OKFE
W DYk S L CMEFOVifE 2L, 703 nH
K& BE L7,

M# B LUFE

#Ea SRR TYRESS s D7 L3RRV, fit
ABAZFHARDT > 7 ) — bk (18.5C) 1AL, &R
1ERY y MEEEHRS LTHEET L,
RERBEOREELRE 720V 7Y 2 EERE V.
anguillarum DIGF FIEERE K% 0.5% KV <Y ¥ TG
L(ET27FY) L0b, EBEEKICERESYE, S0
704 Y PDELT Y28 b (Freund’s complete ad-
juvant (Difco)) LIRA& L THBILL7-d D% RETIE L L
2o TZ1RH7-00.2ml DREHIE % EENEHEIC
& o"c:}"x”ﬂ—‘ Lf:o

EHEORE HEZES L T3ERRIC3.2oREY AN
THFRME LRI, FRRICEE U ChRFEREE L Lz,
72, 3.1 DFEE AV CIERE 29m!) 2B L7,
BERGORE SEFKMI~ 7054 7y —FE2HN
T, 2.2 LRABICLTHIE L,

REOREE UTICR<LFETHAEZER L, 25,
& 287 BOBRBIZIEE280 nm 12 BT BEREOREIC
Lo TT o7, -

(DBRTIER  50% FAFITREIENT % Fl V72, AEER 2
EI#2 0 E LCH SN B %, 0.15m NaClno.01 MY >~
B (pH7.2, ) YBRERIEAK) ICEBEE, Svs
BREE Lo

@5 Iw5E 7 vr#H E LT Sephacryl S-300
(Pharmacia) % fiV>, B E LT v EMREHAEK %
Ve,

QIF+>Z|IOTETSTo— 44 UFHBEFICIR
DEAE-Toyopearl 650M (B —) % Fi\v 72, 0.05m V) ~ 8
KRE I (PH6.5) TEEAL U724 A+ vagiafhic, REEHR
TEN LR 2 WE DL, 0~0.2uNaClic L 5
BEARZHVCERZ21T57
FEDOHRE 7%RIVT7TZ2UNLTIFFL(PHIS) ¥ A
W, BYTF 2 YLT I FFVT 4 2 7 BLAHKE (PAGE)

(FRHE - B 01981) AT o7 7 Y ISZEDONY OB

W=y =797 b7V —R-250% 7=, 77,
RREEHIIOWTIE, FBICKEIL72 2807 V05 L0
1RZHEL, BYOIALES 2mm ISHIBTL, S04
2150l DY) YEEEERKICBELT, ¥ Vs B M
HLzDb, K100 «212 B EHE25 20 2 M% <,
GEEEOFELZBIE L,

FFEORATE WHERBDOSFE % Sephacryl S-300%
WPV ABIZE o TRIE Lz, By sy BTN
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FS—¥(GFE 160,000), ¥ 55—+ (240,000) B LT
7 =1 F > (450,000, WD Servail) ZHW Iz, F7z,
AL FRY 295 Vo) DHBIZETN=FTFALT ¥
2,000 (Pharmacia) 2 FIV 72,

2-ANWHT T HI —IL(2-ME)ICH T 2EZE BER
BHCRREE. IME 2B XS IC2-ME 2&ML, 37CT
1 B RIGE, BEFEEORELFAN,

w R

GEHEPSOREOER HALERMEDOV.
anguillarum 23§ B EREFMIZ 1 1 16TH o 720 TR
FE0%TREIC L VIENT Lz & 25, BES ICEREEED
FDH BNz REHIZDWT, Sephacryl S-30012.5K %7

WAHBEIT>TEONTY YN EDEHINF - V.-

anguillarum \ 23§ 5 & WG OEEEE % Fig 14108 L7,
BRETEMEIE Vo L D R BN CER L, Z0EEEMIE
1:2~1:8THotze ZDEEESICOWT, DEAE-

EE0.O7TM R ICE H LB IC A BNz, EHIC, IO
&4 12DV T Sephacryl S-30012 X 57 IV 58 % T
TELNER% Fig.1612R L7z, BEEEIEIE 1 E-
7 (1) ##mLzRBcA LIz,

mED 5 OREOHE HHALAMED V. anguillarum
W B EREFMITL | 64THh o720 RIMIER50% TR
LB L2 2 h, RBESICERERENTRD bz,
W5, Sephacryl S-30012 X A7 IV ABICBITH S ¥
NI BOBEWINY — vk V. anguillarum (23T 5 & W5
DEEETEME % Fig. 171K Lz BERBMEIR Vo L ) 2 0E
NTHEHRL, ZOBEZMIT1I2~1:4THolze 20D
&M 43122 T, DEAE-Toyopearl 650M % i\ 72 4
FURBIOR NI T4 ToTELNLERY
Fig.18127R L7z, EeEE1E ML NaCl i 0.05~0.09m 12
HLUZZESICA bRz, €615, ZOFEEEFICOWT
Sephacryl S-3001C X A5 V5B % 2 [iT- TE LN
B%Fig. 19K Lo 1HOF IV ABTIE, SEEE:
R U7z E G b O\ 53 & BRI EE L e o 72A%, 2 [EE

Toyopearl 650MIZ L B4 F v R|ru~w 7574 —% DFVHBIZE o THEEL 7,
1T THB OISR % Fig. 15ICR L7z, BEFHML NaCl
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Fig. 14. Sephacryl S-300 gel filtration of the fraction prepared by salting-out the skin
mucus of ayu with 50% saturated ammonium sulfate. The column (1.6X90 cm)
was equilibrated with 0.01m phosphate buffer (pH7.2) containing 0.15m NaCl at
4C. Two m/ fractions were collected at a flow rate of 12 mZ/h. The solid line
shows the optical density at 280 nm and the shaded area shows the agglutinating

antibody titers against V. anguillarum.

The fraction showing the agglutinating

activity were pooled (M-1). Vo ; void volume.
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Fig. 15. DEAE-Toyopearl 650M chromatography of the pool of antibody-containing
fraction (M-1) in Fig. 14. The sample was dialyzed against the starting buffer
(0.05m phosphate buffer, pH6.5) and applied to the column (1.6X10 cm). After
washing with the starting buffer, a linear gradient of NaCl to 0.2mM was
developed. Two-m/ fractions were collected at a flow rate of 60 ml/h. The solid
line and the broken line show the optical density at 280 nm and the concentration of
NaCl, respectively. The shaded area shows the agglutinating antibody titers
against V. anguillarum. The fractions showing the agglutinating activity were

pooled (M-2).
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Fig. 16. Sephacryl S-300 gel filtration of the pool of antibody-containing fraction (M-2)
in Fig. 15. The column (1.0 X 25.5 cm) was equilibrated at 4C ‘with 0.01m
phosphate buffer containing 0.15m NaCl. One-m/ fractions were collected at a
flow rate of 12 mi/h. The solid line shows the optical density at 280 nm. Vo;

void volume.
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17. Sephacryl S-300 gel filtration of the fraction prepared by salting-out the serum
of ayu with 50% saturated ammonium sulfate. The column (1.6 X 90 cm) was
equilibrated at 4°C with 0.01 M phosphate buffer containing 0.15m NaCl. Two-m/"
fractions were collected at a flow rate of 12 m//h. The solid line shows the optical
density at 280 nm and shaded arrea shows the agglutinating antibody
titers against V. anguillarum. The fractions showing the agglutinating activity

were pooled (S-1). Vo; void volume.
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18. DEAE-Toyopearl 650M chromatography of the pool of antibody-containing
fraction (S-1) in Fig. 17. The sample was dialyzed against the starting buffer
(0.05M phosphate buffer, pH 6.5) and applied to the column (1.6X10 cm). After
washing with the starting buffer, a linear gradient of NaCl to 0.2m was developed.
Two-m! fractions were collected at a flow rate of 60 mZ/h. The solid line and the
broken line show the optical density at 280 nm and the concentration of NaCl,
respectively. The shaded area shows the agglutinating antibody titers against V..
anguillarum. The fractions showing the agglutinating activity were pooled (S-2).

Fraction number
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Fig. 19. The second step of Sephacryl S-300 gel filtration of the pool antibody-contain-
ing fraction obtained by Sephacryl S-300 chromatography of S-2 in Fig, 18. The
column (1.0 X 25.5 cm) was equilibrated at 4°C with 0.01m phosphate buffer
containing 0.15M NaCl. One-m! fractions were collected at a flow rate of 12 mZ/h.
"The solid line shows the optical density at 280 nm and the shaded area shows the
agglutinating antibody titers against V. anguillarum. Vo; void volume.
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Fig. 21. Schematic drawing of polyacrylamide
Fig. 20. Polyacrylamide gel electrophoretic gel electrophoretic patterns of whole skin
patterns of whole skin mucus (A), puri- mucus (A), purified Ig from skin mucus
fied Ig from skin mucus (B), whole serum (B), whole serum (C) and purified Ig
(C) and purified Ig from serum (D). from serum (D).

PEDKRTE AEES L OS> SEHE L - &¥Aof (Fig.20B L U210 B £ D), %72, ZD/NY FOHME
EZBRET 572012, Hifk% PAGEIZX 5 THW L7-# GBI ATTRD bz,

REZNENFig. 20 BL P Fig. 21 TR L7 WFRD PFEORE SHRUAEBLIOEESY Vs EIZonT
53> b REEO.OVA I ICEARE 22 1 A0y FRBRK L7 Sephacryl S-300iC & 5 7V 58 % 1T 5 7245 5 % Fig.22IC
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T 4 =T o 728G R, MARPOBEREEEE, wih
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BCik1E, mMERH TR 2EIT o728 25, BERMER
BHECTNE Vo bR BN/E 1 E— 7 ICHHE L,
ZOES % PAGEZ FIWTHHTL7-E T A, WThd s
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Fig. 22. Molecular weight determination of the immunoglobulins (H) purified from the
skin mucus and the serum by Sephacryl S-300 gel filtration. The standard proteins
used were aldolase (MW : 160,000), catalase (240,000) and ferritin (450,000). The
void volume was determined by Blue Dextran 2,000 (Pharmacia) .
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HE P LRI EE A M 2 b2 Y SERAHEET
BIERRLIZ, SOEH BRI D, I OIS
BIEABICAONDL L) 2RRETHLTRELEZZ S
n, BEHRTOEFREBELEHET2) 20563,
TSRS 72 R & b BRIV,
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Fig. 23. Liquid chromatography of the hyper-immunized ayu serum.

(A) The crude extract was applied on the DEAE-Toyopear] 650M column equilibrated with
0.02m Tris-HCI buffer (pH7.5). After washing with the starting buffer containing 0.05m
NaCl, the column was eluted by a linear gradient lof 0.05-0.2m NaCl in the buffer.

(B) Antibody fraction was applied on the SP-Toyopearl 650M column equilibrated with 0.01m
phosphate buffer (pH6.0). After washing with the starting buffer, the column was eluted
by a linear gradient of 0-0.3m NaCl in the buffer.

(C) Antibody fraction was applied on the Mono Q HR 5/5 column in FPLC system equili-
brated with 0.02m Tris-HCI buffer (pH7.5) containing 5% glycerol and 0.15m NaCl, the
column was eluted by a linear gradient of 0.15-0.25m NaCl in the buffer.

(D) Antibody fraction was applied on the Superose 12 HR 10/30 column in FPLC system
equilibrated with 0.02m Tris-HCI buffer (pH 7.5) containing 5% glycerol and 0.1y NaCl.

— ; the optical density at 280 nm, «-+++* ; concentration of NaCl,

[ ; shaded area shows the agglutinating antibody titers against V. anguillarum.
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Fig. 24. Schematic drawing of polyacrylamide
gel electrophoretic pattern (A) and
immunoelectrophoretic pattern (B) of
purified ayu antibody in the upper well
and whole ayu serum in the lower well.
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Fig. 25. Liquid chromatography of the serum of spray-vaccinated ayu.
(A) The crude extract was applied on the DEAE-Toyopearl 650M column equilibrated

with 0.02m Tris-HCI buffer (pH7.5).

After washing with the starting buffer con-

taining 0.05m NaCl, the column was eluted by a linear gradient of 0.05-0.2m NaCl

in the buffer.

(B) Antibody fraction was applied on the SP-Toyopearl 650M column equilibrated

with 0.01m phosphate buffer (pH6.0).

After washing with the starting buffer, the

column was eluted by a linear gradient of 0-0.3m NaCl in the buffer.

(C) Antibody fraction was applied on the Mono Q HR 5/5 column in FPLC system
equilibrated with 0.02m Tris-HCI buffer (pH 7.5) containing 5% glycerol and 0.15m
NaCl, the column was eluted by a linear gradient of 0.15-0.25m NaCl in the buffer.

(D) Antibody fraction was applied on the Superose 12 HR 10/30 column in FPLC sys-
tem equilibrated with 0.02m Tris-HCI buffer (pH7.5) containing 5% glycerol and

0.1m NaCl.

—; the optical density at 280 nm, **<-+* ; concentration of NaCl,
— - —; the optical density at 492 nm by ELISA.

M5 DEETARAHE S/ NaClIEE & 1ZIZR LT
Holze L, BEET 7T v IMERCHEFRETHREE
1720.3m NaCl THEH L7z ELISA $iki, #&tv 75~
MiE A SR & BRI L 5 MICkBONEL D
PEEOERZDPMETHLURENEL OND, 7275, 4
EDEERIZBNTIRINENIDP 2, ThEomE2TH
LolzZ b, FOWRIBEL TRV,

SP-Toyopearl 650M |2 & 2 53 WTid, BEET 75
L% © ELISA $iAA AR B T 5% & NaClI< & % ¥ Ml
DO bizo THRIBE N, EEHBIHE T,
NaCliZ X 2 REARBELERITbRP o720, ME
AELDEBEOREIZTE RV, 0.5MDEHES DI
BRSO A HLRDH Sz, IEETT & 7 L
TIENaCl 0.1~0.23m IZAH L, OB S IZEEEY
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Fig. 26. Liquid chromatography fo the skin mucus of spray-vaccinated ayu.
(A) The crude extract was applied on the DEAE-Toyopearl 650M column equilibrated

with 0.02m Tris-HCI buffer (pH?7.5).

After washing with the starting buffer con-

taining 0.05M NaCl, the column was eluted by a linear gradient of 0.05-0.2m NaCl

in the buffer.

(B) Antibody fraction was applied on the SP-Toyopearl 650M column equilibrated
with 0.01m phosphate buffer (pH 6.0). After washing with the starting buffer, the
column was eluted by 0.5m NaCl in the buffer.

(C) Antibody fraction was applied on the Mono Q HR 5/5 column in FPLC system
equilibrated with 0.02m Tris-HCI buffer (pH 7.5) containing 5% glycerol and 0.15m
NaCl, the column was eluted by a linear gradient of 0.15-0.25m NaCl in the buffer.

(D) Antibody fraction was applied on the Superose 12 HR 10/30 column in FPLC sys-
tem equilibrated with 0.02m Tris-HCI buffer (pH7.5) containing 5% glycerol and

0.1Im NaCL

—; the optical density at 280 nm, «----- ; concentration of NaCl,
— - —; the optical density at 492 nm by ELISA.

o b N dote SOES I, SP-Toyopear 650M I
WY BEBET 7 F Y MBEORELZ A, Mo L IZR
Teo I2BEWN S — v ERLEERIZHES A TEZ WV,
Mono Q HR 5/5I2 Xk A4 A v xaru<w b 7574 —T
X, WFhOREBOELISA ks L CEEHE D NaCl
HEEE0.15~0.2m fHE ISR 872, Superose 6 HR 10/30
WL BFNVHBTE, WTROEE»L bHMAEIE Vo

L0 LEBERTHRIEEN, LEOER»S, MBEY S
FUTHEENLMIED b VIZEERE D V. anguillar-
wm 23§ 5 E 2 ELISAYUfFE, A4 rZ#ra< s
T 7 4 =R VBB X o TEREYUEL 2ITF CALE IR
HEN-ZLrs, BEANWERSSFEZEENGELR
LbDTHrEEZLND, LIL, BEET 7 F#5
B OME & EFEMRED 512, DEAE 1 F v AZHEI2BW
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TERETK L BR 2 2HEFETRB SN, Th)RiE
DFAETH BHE ) DITOWTIZE S ICEEH L RET AW E
TH5bo

ELISARIZ L B HEOKRBIZOVTE, =Y 2
(rainbow trout; Oncorhynchus mykiss) @ Yersinia ruckeri
& VHS 12389 5 Pifk (Muriel : 1985), channel catfish (7
X hFARD 1 FE; Italurus punctatus) O Edward-
siella ictaluri |23 5 5 Puff (Waterstrat et al. : 1989), =
V< X (rainbow trout) ® V. anguillarum 2345 % Hifk
(Thuvander et al: 1987), B X U=k ¥ v +F (eel;
Anguilla japonica) ® Edwardsiella tarda 123+ 3 5 B fk
(lida et al.: 1991) NZNFNHE SN TV D, BIZHILE
HET 75 BERD, FBIHRREEY 7 F RS
RIZDWT, IR MEH OFURMIATT 7 F VRS X
INEBIIEN I EZHELRICLTY S, LAL, Wih
DHREICBVTH 77 F v 5B OKEREH O ELISA
Pk L= d D%, BEEY 7 F &5 a04%
KA I ELISA LR ST, THAEENIELHE
BPDEDTHEZ EEHLPIC LIzDORFERIE LD T
TH5b,

BRIEE R OPRIZDOWTIZE, Kawai e al (1981) %53
TITZDET Y AR T BT 7 F G5 ADO%E
HRFRICHUADEAE S NS 2 E2HLNIT LA, 208
HLZEMERIEANO LTy, BIfTHLMII L &
IS, LY 7 F o R5AICB T AR OB
MLTEF Dk & FEED [gMBOBETH - 720 BIFEEY
7 F Y IZ D W T I, Lobb (1987) #%channel catfish
(Ietalurus punctatus) 12V = P07 2 =— ML < iliE 7
VTIVEBEEICE > THRELZEZS, SERHLED
BOEFHEE P OHFMAELE O BR L ) Ehorz &
LTWh, ZOZLb, REEICL > TR ENZFAT
V73V EMTE R OFE & R CHUR O B & RS IS
FETHILEERL, SHICERERLEADRE 2 RGN
FINTHRES L7oKER, BFREOTEMEYH 5 2 L 2RE
L720

BRFREH OTARICO VT, £BEOREDID HWVIZ
BFTEDRIEIZL 5 b O RFEREICL - TRBFR R 5,
EEEORETH S LT HH5EEIL, TOBRME LT, &
FERGI R OPUESMER DO Z N L REFHICFA—TH B
& %217 T\ 5 (Fletcher and Grant: 1969, Bradshaw et
al.: 1971, Fletcherand White: 1973a), — J5, Lobb and
Clem (1981a) I3 FEFBLA TR B RIE L 72 B DKPST O
ERR» S, F 7 Lous-Cormier ez al. (1984) i3 E Rz /&

WIEEEHD IgM 2 B 5 Y Y /SERVHEE LR, 5,
RFTEEDRIED MRS ZRIE L T\ b, 4 HEDERTIE,
INLOMERMHT 5T TICRES TR W, BEE
T 7 F G BOBRFRE P ICES SN B E 2B ARSILE
) [gM BREEEU R & L EM B X OB 121312
—DEFTFHRETHHI LD, 4.2 TR LMEFOH
BEHERREANEATT DTEREEIB N E 2R GRELT
W5, LA L, DEAE A F V3T B BB p R
B ELISAHAELBIE SN TWBEDT, 4% I N IgMB
RSN DFARTH HH L) PICDWT, B A5
BETH b,

4.5 @ =

WZEET 7 F V12 & o THE S N/ RE AR
ZHOPICT B0, REEICBI) 5 BETKOEE
EBFAREEANDIURDEAT 2 & I MIE T DOtk & DEF
IZDWTHRE L7,

1. BEE BOBLUOEEHEY 7 Fr2H/5 L7
DILEF B L OREEF OVREE g Lz & 25, 3
5§77 F rBEESATIRMETB X OFEBET OV
D EWIUMMIEAERD SNz, LA L, OB X OWEEY
7F v ERES LT 2T, MBEORMMEICET, &
FRGE R OPUR D A58 <, MLIEF OPURGIC TR D
BOLNLED 572,

2. MEHOTEPEERENBITT 2089 2 RE
THDOIC, WMEET 7 F v 2R E LB RETL
MiEZIEE L7 TICEELC, 1% & 4% IRE
B L B NBBIREBRIT 572, TOE, 1BEEEOR
B U CEBEN AR A D NG 572085, 24/
DB L CIRBIESENSRO SNz L s, MmiETh
DRI REBIIARFRE P ABITT 525, S hICid24ks
BEETHEEZZ LN,

3. MEFOHELEEBERFOZREDERIZOVT
BET 572012, HRlOBEVMEISEONBENT 7 5
YEERACWCT IR RIEL, MEERE L, TOEE,
MiEB & OEERE P OTARIESFEH 90T T 2-ME
WCEREEZ D IgMBOTMETH L EFHLP L5
72

4. FBELZZIMETHRISTT 5 FHE R ERL,
ELISABIC L o TBEEY 77y BEADOME 2 & I
R TR E R L, ZOEE, BEET 75~
BEAOME L ERERIZIE, WFROEH T 75 V1C
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Lo THEINBHUE & RIEFR 2 5 PITEALZEMIZF—
DPEDPEIET B EFAL P L2 572,

BE5E FRMBICHTIBEVEOER
E &P LD

#

FEOBEEZREALE L TV B0, KHORKE
WMEME R LD LT HHEL DFEEOBREEZITR TV,
ZIT, HERRIE NS OFEED O EETHHET 572
I, RARCTEERZE %1372 LT\ 5% (Harrel ef al.:
1976) o FMEMIC X B EAEBE O EE LTI, FAEME
R L A HER T 5 W FEAY J5 3 (Cameron and En-
dean: 1973) &, AR5 OB 32 OB H P BE %
LTS5 3 2L E L A S TV B (Fletcher and
Grant: 1969, Di Conza: 1970, Di Conza and Halliday:
1971, Bradshaw ez al: 1971, Fletcher and White: 1973b,
1976, Harrel ez al: 1976, Murray and Fletcher: 1976,
Fletcher er al.: 1977, Ramos and Smith: 1978, Ingram:
1980) o

ZIC, RETRITT7 2OFEEHRICH T 5 EEGEE
IZDOWTIRET L7ze —#RIC, BRI IEHE OB -8
FICL o THESR, ZhiZoDWTHIBEARED RS
HEV) 2DDART v TIFIT N, B 1 REOINEE
DREEE, VVF—2IREBENE T a5 —FITLD
MBS R DIMAMRIC L > TR B, & /57 B
KTBREZIZE > THEL, MERORFIZL - CERIE
HFELRESND LML T W5, £ 2 BEOM
HAAEM ORI GEREOEEIEF L2 i Toh b,

BHEIIB T L EEBROMIER, W EA - BE
1981) , B % (Murrayand Fletcher: 1976), B (Fange et
al.: 1976), WP (Sankaran and Gurnani: 1972) 8 & UFIiL
& (Fletcher ez al.: 1977) % E2 AW TIT bR T WAL, 1§
FEARIC B 2 BEEEEICET 5 HE (Hjelmeland et al.:
1983) kA iz vy, Hif, BEIE S (1984, 1986a, b, 1987) i,
T4 BLUTY) OEFREFICY VT — biEH L VIE T T
TT —EROBEEEDEPEETH L HLPIT LT,
ZLTC, REHEENBRELEL, HEOREZZITRT
WEITH B I LD, TDL) HEEEYEIIHERY
EEPGEHEFE L TEERHEZ 2L TWwADTIRZ VAL
o L7z,

i}

Vi)

FIT, FETRT ZOERMMEICBIT HEREEICD
WT, YVF—-ABBEEL TOT 7 —YREZOmMELS
BEET, LY VT — AR IBE LT DA
ZEOIZ LT,

5.1 BEMEOIE

BES (1984) 1%, A ML RAEREMN L7234 OEMBICH
% - BT AMEBOELS S, HEMEOTIIIIER
HAREWEIEET HADOTREVDP LR L. E5IC,
24 DEFEREDSS ) VF — 2258 - HERLT, 20
BEZLEMEIREZHS I L (EiES £ 1986a,b)o LA
L, 7ZOEEHRBICONTIZID L S 2ERFIZZENT
WU,

ZITHETIE, 7T2ORBEMEFBHERFLELTO
VT — AREHEICOWT, R CEE L SIS B
b5 b I EEOBRLFH RIS O W TRET Lz,

B LUTE

#HEASLIUHBOBEE FIYhELS g DT 1502 T 4
L7-o HEX# % tricaine methansulfonate THREE L7-D 5,
RFOREE, MiE, SURRE, TEB L UBEETBRIL. &
FERETE I, 0.0075m U~ BEABE R (PH 6.5) & AV T3.2¢&
AR LTI L 720 Mg, DEERIC K > THRIL L7
Db, 25TIC 2 BB, 6 TTI0X g, 2053 DE L
SEEIC X 5 T, BRI, DB B X ORI
o THRAHMEE/-0b, @rfHL, 4T VB
B 1 BEBRE L CHRE R BH S S, BEB X UBE
13, BT AP, VEERERERICEE L, EZ
Bl T RTOMBES L UL, SEVFA X720,
4CT20,000X g, 205 BELGHEL 72 SO EEREE
FLEI0AS pm DI Z T T 4 VT —THBLIZ DD EHR
& L7

BEBEBMOBE  Micrococcus lysodeikticus DT X T+ v
I FVEIEREAE RV CEREE T HE Lz, EEEk
i, RERMER L SR TROFIENEZZ b - TE
L7z $72, AHEIEEES L Cunit 272 1 unit i,
143312530 nm 12 B1F HPEOGE %0.01810 & ¥ 5 B EG M
E L7z 72720, ABORMER Y v /87 EEIZ LT 100
pgll, T VEEREE YA CE&EZL.5miE L
R AR RIS EE 2.5 ml 2 RE L. HIBRER
35CE Lie ¥ w87 BEDREIZIE Lowry et al. (1951)
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DFHEE AT,

C DI, FEMES L OFER OBEEYEICo W
FLFERERETT 572010, 2ORBTEEES LU
BEpHEHTICBI 2 REER Y FTROFEI L - TH
~7z,

(M EEEBpH 0.0075m V) ~ BHEB R % T, pH
5.0~8.0IC BV BEEIEME X~z RISIREE IHEFHIT
T30C, BET3BTE Lz,

QEISEBRE 0.0075m ) > B EE (pH6.5) % F
W, FUBREI0~60CIZB T AEEEE 2 H~T,

Q) EEEBY CBEBEEETIVEE ) o BIEER pH
6.5) D EIVIREE#0.001~0.075m IS LT, BEEES
Tz FIIRE ZAEFRETI0T, BT E L,

() EEpH ICH T 2RREY B 0. IMEERSHIE,
pH3.5), W (0.01m Y ¥ BB E, pH7.0) BL U TV
71 % (0.05m Tris-HCl &2 i, pH9.0) D@ & ilish T
100, 10MNEs:, ZHEEMT COBRBEEE 7,
B, WHRELTIAY V5 — A (Sigma #18) 2 Fvy, F
FLE R LHEEIC & o THZE e 2 0~

w2
BRI 3 BEUDEORT 7O, SR
0, B, BEB XM IZB) 5 EEEWE OS5 RT
T EEMOEMEMBE LT Fig . 27137 Lz, WEEM I

FHE, B, BEBLIUOMBEOEICE L, 2h2120.0,

11.8, 7.6, 5.8, Ounit T 7,
BEEYEOBRER

(WEEE#EpH FEHEES L OFBICB T 2EEE
WEOKICEEPH %, FHEpHEHTOBERIEME LT
Fig. 28138 L7z & pHICBIT B HEEMIE B L BB OE
L, ENFNpH6E.5L pH7.0TE <, pH6.0LLF OEE
P CIITERAL & b 12D - 72

QFEEEERE HFEHES L UBBORCEERE
T, BSEHRESEGTOBEEENEL LT Fig.2915R L7,
FIRBEICB T BEEISAERST, THEDICBTCTRLE
{, TNEN37.0L18.0 unit TH-72, L2L, 20CLL
THLUSCTU ETOEMEIE, WMEMEDICEZLETL
720

BVEEZEY CBEEHETIVEE AFREEL LUE
BORKGCER) v BREETVIEEY, BETVEETO
BEEEE LTFRig.30I3R L7z HETNVIEEICBITLIE
L, EEHIET0.0075m, B TIZ0.0IMTED & <

TNEN33.8L18.2 unit ThH - 770

(A) E&EEpHICH T 3RETH FENEB L OB
BEpH ICBIF BTN T, RIS OBE G o0
T B MBI OWGFEMEE LT Fig. 31137 L7z, pH3.5,
7.08 L U9.0TELIE L 7- S REOIETEE, FEE
T58.2, 11.7BXU10.0% TH Y, BETIEFhFRN
59.3,9.2BXU0.8% TH o 72D LTIEY VF— 4
TRZNENTI.0, 76.9BLU27.1% Th o720 2DLS
12, BREEB X UBRICE TN BEMEYE I, IEY
VI — LA ERBRIC, TV )L ) BT ORESE
AT NER SO bz,

E

FEBRIZBWT, 7TIOMIME, BE, TEs L0
W& D& FEHE M. Iysodeikticus 123 U CABEE 2R L
o THOZLREROEEREN,ILELT, BREMEDE
DEEP)VF -2 THHIERTBELTWELDEED
Mo, ) VF—2DBERFHIIONTIE, ZH - BE
(1981) #%Y 4 (Onchorynchus keta), ¥ ¥ A ¥ A4 (Beryx
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Fig. 27.  Bacteriolytic activity of the skin

mucus (SM), kidney (K), intestine (I),
gill mucus (GM) or serum (S) in ayu, me-
asured by the turbidimetric method using
actone-ether-dried cell of Micrococcus
lysodeikiicus as the substrate.
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Fig. 28. Effect of pH on the bacterilytic activ-
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Fig. 30. Effect of phosphate buffer molarity
on the bacteriolytic activity of the

ity of the homogenate of the skin mucus
(@) or the kidney (&) in ayu. The
activity was measured by the turbidimetric
method using aceton-ether-dried cells of
M. lysodeikiicus as the substrate in 0.0075
M phosphate buffer incubated at 30T for
the skin mucus or at 35C for the kidney.
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homogenates of the skin mucus (@) or
the kidney (&) in ayu. The activity was
measured by the turbidimetric method us-
ing aceton-ether-dried cells of M. lysodeik-
ticus as the substrate in phosphate buffer
of pH6.5 incubated at 30C for the skin
mucus or at 35C for the kidney.
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29. Effect of temperature on the bacter-
ilytic activity of the homogenates of the
skin mucus (@) or the kidney (&) in
ayu. The activity was measured by the
turbidimetric method using aceton-ether-
dried cells of M. lysodeikticus as the subs-
trate in 0.0075 M phosphate buffer of
pH6.5.

31. Thermostability of the homogenates
of the skin mucus (@) or the kidney (&)
in ayu, and of the lysozyme (Bl) purified
from hen egg-white. Each of the samples
was heated at 100C for 10 min in various
buffers of pH 3.5, 7.0 or 9.0, then the
bacterilytic activity was determined by the
turbidimetric method in the optimal condi-
tion for each sample.
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splendens) % & 8 EHOWEMAICOWTHRELTWD, =
NICE B E, M lysodeibticus 123 L CBEWABEBER %7
L7ZERGLI, 37 CTRERE, %W, BTHh, 2454
Ti3E, T 57 Sankaran and Gurnani (1972) i%
T4 5T (ﬁlapia; Tilapia mosambica), 7 ORI < v
Va7 ¥4 (scat; Scatophagus argus) B & Utarget perch
(A0 1H; Therapon puta) DIFIE & B2, M
lysodeikticus \Z3 § B EREEE RO 2L LT 5,
Fange 5 (1976) i, rat-tail ('~ % X ® 1 #; Chimaera
monstrosa), velvet belly (V 7 4 X @ 1 #&; Etmopterus
spinax) B X Wstarry ray (F ¥ ¥ 4 » 1 H; Raja
radiata) DIEMARCPE I WV ISEIBEESRD S iz &
ZHLPIIL TS, E51Z, =< R (rainbow trout;
Oncorhynchus mykiss) (Vladimirov: 1968), plaice (%7 / %
L A @D 1 1&; Pleuronectes platessa) (Fletcher and White:
1976, Fletcher et al.: 1977), 3 X U lumpsucker (¥ > =
U4 D 15 ; Cyclopterus lumpus) (Fletcher et al.: 1977) D
MEICY V' F = AEREARDONTND, SDLIIZ, Y
VT — AERIREEALCHRAKA DRI ST B
ERHLNT WD,

RERIZBWT, 7IOKEMM, SR, T BE
BLUMED D BT, H&DEVEEIEMEER LI2EBAIEE
FEHETH o720 — &I, BEDOEEIIED S DM I
Lo TREZZIFRTVEMTHL I E0D, ZOAIC
B DBEEEEIEP o722 L1, KESEAPH EEE
ZEMLTH Y, POMBROBREEWESZ 0T, &
EBHNES 2 R L TCHBDTEZW R LRSS,

PRFRGI & FRRIC, B2 7L 5 5 OB 2 Z1T 2§ WE
fETH 25, EMBEOBREESEEFEEO TR E V&
Molze TOREEE LTI, EHICMBEATRALL20
WD Y Y8 BIRENE L 2 ), HERAIEEEY
BOMMSBRENEL 2o 72WHRELEZION S,

RERICBT 2 BEROBREESE X, AEMEHICOVWTE
oz, BREEESER CE - 2 RERIE, ETHHIMmEk
ZEEET 55 E (Roberts 1 1980) TH Y, VJVF— AHH
MERICHR S 2WE TH 5 (Hansen : 1974) 720 Tld 7z v
nEBbhs,

RIZ, BED M. lysodeikiicus (253 BEBEEMEE,
YAXTA Ry (BA - E 1198) THROLNTEY,
AET TSRO bz, FFREFERICGE L E OB
BRI TV TH L L2, BENOBRERESE M
DR EHFE L CTERT 2 & & 312, BEREEDMH
FrREMEOHEELHH L TwEbnLELZ NS,

FERTIE, MEDEREEIIRD ONEh oz, A8
BT BIMIE DB IEMEICOWTIE, plaice (Pleuronectes
platessa) (Fletcher and White: 1976), =3 X (rainbow
trout) (Vladimirov: 1968) 3 X Uf lumpsucker (Cyclopterus
lumpus) (Fletcher ez al.: 1977) THL NI SN THBY , &£
FERFA R FEEIC & TEBENIE (LT 2 b Ao nT
Wh, L7285 T, 407 2OMEICEREIFEEI D Hh
L0720, ZOL) LHNBH BV IEEHNEE I ER
L7-MREEESZE 2 b5,

RIS, 7 IOBFERMS X OBROBEIEIIT DN,
ZOFLEBEME B LR, $FR0EE pH 1H4E
FAE CpH 6.5, B TIdpH7.0fHETH 5 720 Hjelme-
land ez al.(1983) 1, &R =< Z (rainbow trout) @
R T, M lysodeibticus \23F 4 5 BB IEHD
E#HpHZFAN/L T A, pHE.0TH o/l LTWVD, &
15 (1986b) 2%, 4 DEFMEOEM pH 2 72 & 2
5, pH6.5TH ol DL, TIOERMEOE
HIEMEE, =27 2204 OEFME & ZIZRED EE
BWpH &R L7z LA L, 165 (1986a) 25HI & A2 L7z
KDL, T DHEREH 58 B LY v F— 2
i, pH7.2£9.00 2 0DRIEEHpH 2 F LTz, &
DD, BEOEREMEICBT HBEEEOEE pH
3V F— ABBMOZNTIZ% L, M lysodeikticus \ 27
BIER 2R $EEWYE O KIS E# pH Th b Rt
Abihs,

Hjelmeland ez al (1983) 13 #EEI ) = ¥ < Z (rainbow
trout) DEFERE & VT, M. lysodeikticus \23F 3 5 H
EHOBERFELRARL LS, KEEBEEIF0~
OCTH-72L LTW5E, E185 (19862) 75, T4 DfEE
HBICOWTHRNIER TR, ZEEEHNS20CTH Y, 10
~50COmBERTEBGEHTO0% U EOEERL, 1B
WIS D Z ESHL IR 5T b, AEERIC
BT BT ZOBEMES L OBEOKISEBEREIZ, Wi
NBBTTH 72, BBEHTO0%REDEER LT
DE0~L0COEHETH Y, T A2 HTRIBIREIA
PeMEmD35 by CORRITEOERES X U4 B3
BOZRZIBLIZD DD, &5V IEEGREYEOE
PERDENIE B0 D%RODPEIAHATH %,

Sankaran and Gurnani (1972) i3 tilapia ( Tilapia mosam-
bica) & scat (Scatophagus argus) D% A WT, M
lysodeikiicus \34§ B EEIEEONUCEE ) ~ BRI E KT
IR Z -, tlapia T0.005m, scat Tid0.02~0.08u
TERARDEWEZRLIZE LTWA, 72, T4 OEFER
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POMBHLZY VF—2ORBEE) VEBIEEIRTIVIE
B, 0.0luTho7: (AR D 1 1986a), REBRICBI 2
T ADEERES X OBBORSE#E )~ BERE R E ViR
i, ZNFN0.0075M B L U0.0lMTHo7ze TNDLD
12, 71OBEEMEB L UEBOBEIEES LENEE YV
BEHTE VO, ERBMICOMAT 5 BREEDEIE
B 7 104 BB (HK) IS8 LT, AEBiEoREE
FRILZLTWADTIR VN ERDNS,

RIZ, 7TAOEERES L OBRICB T 5 AEEEDWE
DEFBPpHFHTICBIF BREZE®ICOVTRE L2 & 2
5, WEHLE b ICBEBRTCIRETHHA, hiHEB L
O TN YHEDBEEF CTIEIAEETH 72, Bl (1986a)
&, I ORFEREL SRIMBE) VT — L 0RREN
IZoWTC, B TCIEEETHH0S, TIVH VETERE
EBTHHIELEEFHLNIILZ, ZOL ) RERIE, SIAY
VF—b%2E LD LT HE - FEPWHRDO Y VF—LHIIHD
NBH—ERERTH 5 (1L : 1983),

IO, TIOKERRE, WK, TES L OBE

12, M. lysodeikticusb:ﬂ’bf?ﬁ%?ﬁﬁ%ﬂ—'\’ﬁ"%gﬁfﬁl

MLTCWBIZEPHLRII R o7z, T/, BAREEB LT
BREOBEIEEIC DO WTIE, M. lysodeikiicus 1237 LTH
WEREEEZRT I TR, BESEET COREZEMNENS
BWZLEhs, ZOEFE) VF—LTERZVHPER
bk, LirL, BEOKREMNE, BED 5 VIZMEFIC
2785 7 — ¥ (Hjelmeland ez al. © 1983), #ifk (Legler ez
al.: 1967, Harrel er al: 1976, Sakai: 1981a, b) 7z &fEi4
OWENFIEL, BEBEEORBUIHRZ 5 CITHERIC
ERLTWA EZEZONLZ EhD, JIF—2%IELD
Y5 ING OREEWE OB - M RO L LEND
5o

5.2 JHIEHIL ZFEVEOMER

HEIC BT, BEMEO Y VF — ABEE SRR
BrLi D BENWI EPHLNE R 7205, TOBEEEE
WEH) VF— 2BROLDRDD, HHWIHhOBEREE
ORI L 5 5D OPRBAL P TIERV, BiF
% (1986a) 1 2 4 DHERIEEER D) V' F — LRBEROE
HIZOWTHRET L, ZOMBEEREIa A DEEREICE
FIAHMEI LCTHABEREIERE L2 erb, a4
DFFREEFIITEE L BN BAEEEWEIFEL,
ZFROMHEEICIERLT, a4 o0& BBEEOHE % EH
THDTEZW LR L,

7¥

FETE, TZIKRELHEEL5 257 AROER
B Vibrio anguillarum &) 7' F— LEEHIEICER S L
% Micrococcus lysodeikticus D 2TEDME* BHEEE L L
THYT, IhbOEEIS 2 7 TAFZAEH OEE G
72 b NS T DEEFLERERE RN, BROBHENHO
FEDEREIZDOWTHRE L7,

s LUFHE

HEASIUHBOBEE TR EY 0T 0BT AV
720 0.15m NaCl % & #0.01m U ~ EREE # (pH7.2) 2 F
WT 3.2 EFBRIC L CRERB 2 RIML, ®ETF A4 AL
72DbH 4 °CT20,000X g TOHBELSEEL, Z0EER
VA BRARE L Lz,
FIVABICKDBEEEESFDSE Toyopearl HW-50
GEY =) #HVCHRERERB 25 L7z, ZVy FE
B1390ml & L, #EHEIZIZ0.5M D NaCl 2 & #0.01m J
v BRI (pH6.5) * FVY, Ji#%0.3m//min, 57NE
%3mlé L7z
BEEEORTE M lysodeikticus D HEAEHIRE AL LU
RV ¥ CRIEL U7z V. anguillarum O B IR E K
FRWCABEEEZIE L. BEONE X & Ao
FEEERW, 72720, BEL L TCORKERESELE
B2 120.01m Tris-HCUHREE % V>, M. lysodeikticus
BRI pH7.212, V. anguillarum BAETIE pHT7. 712 %
NENFEL 72, USEEIIEE £30C, B#EZI15CTEL
Too FEW 2 mlICHERE0 pl 2HMLT, HINFE605
D530 nm 2B ) HEIEE ZWE L TEREEZ RO,
DEI, FUABILL>THLNIZEGFD S B, MR
123 BB EIEES R b BVl & VT M. lysodeikii-
cus B XU V. anguillarum 234§ 5 EW EEOBERILFEN
HREBRET 272010, RSEBSEMN, BERBHEEHRIC
L BEEBIUFF VMBI L BIEEOBLIZDOWTHRN
T2o 72721, R L2V E D AhROEEF T o720
BEEBpH pH3.5%55.5TI120.01m FEER 2 H K, pH
55205 7.8 TIi30.0lm Y v BEBEEHE, pH7.0558.5T
1% 0.01m Tris-HCl A2/, pH8.6 2*5 10.5 Ti 0.01m
glycine-NaOH #EH i 2 TN ZNHAVTHEEFEE LR
72
BEEEEE FUSEES ~70CICBITAEHEEE RN
770
BERCEEHCLZIBE 79722V AF VRV
74 =W (PMSF)BXUP-rulv—Fa ) ZEEFES
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FU 7 A (PCMB) 2 212N 1 mM, I 7-leupeptin, anti-
pain 3 & U pepstatin A % ZNEFN 2 pg/ml b B LD
IZROSERRICHEML T, o DHERIEREEEICR
TR DWTRE Uiz, HRICEIIIEY VF— 2%
W, M. lysodeikticus 3 & UF V. anguillarum 233 5
BETE Al & RIS LCllE Lize 72720, RUBICAW
TR 120.005m V) > BRIREIE (pH 7.5) & L, BUSEE
1Z30C & L7z,

FFOMBICLBEE FFUNEE, FEFAEImIC
F7 150 mg TEMIEA L T20°C T604 M finfs, =ik
LTiT ol ZOBMEL3EEYELT, Bohi LBk
TREE Lize CORED M. lysodeibticus 1233 5 5HE
HEEBRE L-OL, V. anguillarum 233 5 B E G
DREFFYECOWTRET 5L & DI, 15CIKBITHE
FHO pH KA DOV TH~ T,

B R

TFWBBICELIBEBEEIONE T OEEEEY,
Toyopearl HW-5012 & » T4 H L 72 & B4 D280 nm 125

0.5

0.4+

0.3

OD at 280 nm

TAWHELMUE L TEONZY V8 BEOEBhE L,
EE S D M. lysodeikiicus B X U V. anguillarum 1234 5
BEIEMT Fig.3210R Lz 7 Y82 BOBBMgIEs
DDE- 7 RFHL, TDILE1¥— 7 3HREE
(Vo) (4B I L72o M. lysodeikticus 5 & U V. anguil-
larum \ 3T BEBEFEEER, WThIRBEEE0ECE
bEWEEZTRL, &y BRHEEOE 1 V- LE
2¥— 27 OBIZHA Lz,

BEEBEpH LE20FB OS5 WRE O M. lysodeikticus
BLU V. anguillarum \ 343 5 B HEIHEO KIS E8 pH %,
FHEpHEM T OREHN & LT Fig.3310% Lz, £pH
2B 5 M. lysodeikticus \Z3%F§ 5 i (A OD) i, Tris-
HCIBR @ E Fv /2354, pH7.2THELE {0.073Ch -
o VU VEEREW R V2540, pH6.5THENE Y
ExZR U7 72, V. anguillarum \234 3 5 {51 Tris-
HCIBR BT AV 7284, pH7I.5TH O E <, 0.152T
Holzo V) VEBRER T pHT.5ICHEIGE WIS
LoYo¥ (WAl

BEEERE ZOSEREO M Isodeikticus B LU V.
anguillarum \3§9 2 BHEEM O CEBRE:, AR

10.2

<10.1

(W 0gg 38 JOv7) 4nAnoe onA[oredeg

10 20 30 40

50 60 70

Fraction number

Fig. 32. Gel chromatograph profile of skin mucus homogenate from ayu on Toyopearl
HW-50 column. Fully drawn line shows Agso, and the light shaded area and the
dark shaded one show the bacterilytic activity against lyophilized cells of V. anguil-
larum (EE3) and M. lysodeikticus (F22]), respectively.
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EEHTICBIF2EHEEML LTFig.34lR L7, &R
BELEMFTICBIT B M. lysodeikticus 12333 % iEMEE, 30T
THRbE0.0656TH o7z, 7z, 10CH L UBOCHEIC
IS RIGETEATRD bize —F, V. anguillarum 2333
DIEWIEME, 15CL45CTE -2 2BHRL, & ITHE
TO0.204D% b EHWMEE R L7z,
BRERCEEACLIZE ALY VT -20,
M. lysodeikticus B & O° V. anguillarum |23+ 3 5 BHE G
RIS EET U7 7 - CHEROFEL Fig.3512R L
720 $b B, M. lysodeikticus B & U V. anguillarum |2

0.2¢
A)
0.15}
/E 0.1
a
§ 0.0l Phosph:).t.e \Tris-HCl'
e Acetate ./ \‘_UQ sz(r)lgl-
SN e % Na
8 N VE ale
N 2 4 6 8 10 12
2
=
& 0.2
2
= (B)
£0.15} o
g Tris-HCl \
o
] a
0.1 \ \
Acetate U/ ® _ Glycino-
o 2 \.NaOH
0.05F @
} @ A’hosphote '\
o P ® u
M.‘

2 4 6 8 10 12
pH

Fig. 33. Effect of pH on bacteriolytic activity
of the active fraction (in Fig. 32) of the
skin mucus from ayu against lyophilized
cells of M. Iysodeikticus (A) and V.
anguillarum (B) suspended in acetate buf-
fer (O), phosphate buffer (@), Tris-HCI
buffer ((J) and glycine-NaOH buffer (E)

adjusted to various pH.

Y BEEIEEII PCMBIC X 5 C, HiEHICLTZEAE
N23% LT8%IZIKT L7225, MOMERTIXIZLEALE
BRDON L Dol —FH, AV VF—20 M
lysodeikticus B & O V. anguillarum 2383 5 AR E M,
WINOBEERICL s THOEEEZZ T2 h 572,
FFOMBIZEZEE FFURHEERToRETIE M
lysodeikticus |3 T AEWEHIIRD ONL ol FF
VILE B XL OERWERE D V. anguillarum \ 25343 5 Kk
ZHREY, SERELBICBIIBHEEL LT
Fig. 3610 L7ze Thbb, FF » MBEBBOMEHEIZ0T

0.2F
(A)
0.15
0.1F
e
0.05 SN\,
/.-.‘-/ \n’.’.\n P
10 20 30 40 50 60 70

Bacteriolytic activity (20D at 530 nm)

0.2 .’.\'\

III/ Y (B)
0.15 by
0.1}

&
0.05} B / \-\
=
l~|\-
10 20 30 40 50 60 70

Temperature (C)

Fig. 34. Effect of temperature on bacteriolytic
activity of the active fraction (in Fig. 32)
of the skin mucus homogenate from ayu
against lyophilized cells of M lysodeikticus
(A) and V. anguillarum (B) suspended in
Tris-HCI buffer of pH 7.2 amnd 7.7, re-
spectively.
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Relative activity (%)

Fraction of skin mucus
M. lysodeikticus

0 20

V. anguillarum

M. lysodeikticus
100 0 50 100

Lysozyme from hen egg white
V. anguillarum

50 100 0 50 100

none

PMSF

s 239
PCMB 7

Leupeptin

Antipain

Pestatin A [

NSNS
N NN NNN

Fig. 35. Effect of some chemicals on bacteriolytic activity of the active fraction of the
skin mucus homogenate from ayu and the lysozyme from hen egg-white against
Iyophilized cells of M. Iysodeikticus (EJ) and V. anguillarum (JJ) incubated in Tris-
HCL buffer of pH7.7 at 15C and pH7.2 at 30T, respectively.

THRLE<0.147TH Y, 45CTH0.114 & LLBEWEE
ML DEI, ¥ UREHAEB L ORRLERED V.
anguillarum 23§ HERIEEICOWT, 15CICBIT5
pH &M % Fig.37I127R L7z, Tris-HCHEE K % AV 7=
HEDOEWENX, pHS.6ICBWNTO. 157D Ed BV EE:
RLU7e LaL, V) VBBREE CIHIZE A LTEEDRD 5
N ol

Z %

HRIMEOEEWE 12DV TEE S (19862, b) A4S, 24
DHERMEE ZNDOFHELIRBR ) VF—2 L0 M
lysodeikticus (34§ % VS BIE M OBE LB PEIR D Holin
FHRERD S, REMHEIIZY VT — AEBEOIENICLE
WEETROBENFEEL, Cho 0BEOWHFEERIC
LoT, I DEFBREICHES LLEESREENLDT
EZnpr L L7z, T/, Hjelmeland et ol (1983) id#E
KEE = V< A (rainbow trout; Oncorhynchus mykiss)) ®
RFEHENS, M lysodeikticus ® SET 5 )V F— A5
& V.anguillarum 2 SHET 5707 7 — CiEH O E D
FETHIEEHLMICTHELDBIL, TuFT—FOk

RERB TN D, 2T, RETIEHT ZOBFMRICES

NLBRWENBBFEET L0 L) DALz

Toyopearl HW-501C &L 57 )V ABIC L > THE L, M
lysodeikticus & V. anguillarum \ 234§ BEEIEHEDOE — 7
PRCEFICRD bN=Z eh s, 7TIHREMEFO M
lysodeikticus & V. anguillarum \ 2353 BEEWE (ZF—0

bOD, HHVIFY LRLIERTHLLELTH, FTE
PERLL72WE TR L SNz, Hjelmeland e
al (1983) i3, =¥ < R (rainbow trout) O {4 % 4 i %

Sephadex G-150 (pHarmacia) % Fi W T4 L, ZH45IC

BF B M. lysodeikticus & V. anguillarum 2335 5 BTG
HOFHPEAFHICEETH 00, BELESICE—2

PEHRLI-EL, FELLBERSIERZBETVS, &
6L, BRICL > THRERIETFOBRREBEROEES S T8
PHETHDH, HHVIIRLLEEZ S OWEFEEL

THEEBLTELZDOTERZVWRERDNS,

DEIL, TAEEMEE LRSSV ABEITHE L2ES
DHL, MEKITH L TEWAREEE R LAES ZH
T, WHEEOFUSZEE S (pH B X ONRE) 120 W TR
A L72&Zn, FERAED M lysodeikticus \25$ 5 i
FEi# pH &, Tris-HCIRBEE % AV 72854 pHT7.2TH 1,
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Fig. 36. Effect of temperature on bacteriolytic
activity of the active fraction treated by
chitin (@) and the active fraction ()
against lyophilized cells of V. anguillarum
suspended in Tris-HCI buffer of pH 7.7.

YV EBEREE Y WA IR pHESICEWEESRD 6
N 24 EIED 1 1986b) & 7 L OERERTE DO M.
lysodeikticus \23$ B IEE@E pHIE, Y VEEREW T A
WEBALRVWThOATE D pHIZ6.5THo e T2,
Hjelmeland ez ol (1983) i2 & % =3 Z (rainbow trout) D
HEHEOBEEEORNSEBE pHIZ6.0THhoe 2D
k91, AEBRT Trus-HCUBEH % VW TRDIZKBE
WpHIE, Y vBEGHEZHAVIA EEDS 1 1986b) O
hEHBEOFNE VBEWERZR LD, ) Y EBREEET
FWi=ga oz a A FEREEORGE# pH & —E L,
= ¥ 7 A (rainbow trout) {& 3= %5 ¥ (Hjelmeland ez al.:
1983) DFNEL Y Edolze F7z, FHEFAED V. anguil-
larum \3H 3 B EEIE O SUGZE®E pH 1, Tris-HCLRE
WEAWBEpHT.7TH Y, Wik L7z M lysodeikticus
T A RIGE#E pH & ) b & orze Tz, V) VERRE
TEAVEEEIE, pHISKEVWEREGEESZED LM
7248, Sk =Y A (rainbow trout) AFEHEE (Hjelmeland
et al.: 1983) O V. anguillarum 233 5 UG E#EpH £ Y
LIEWEER L7,

WEICB VT, 7EFMEO M. lysodeikticus (3T
LEEEERENSBCTHozZ L EHLPII LD, &

o
8 0.15
s
[}
2 Telg-HCI
~ 0.1 [s]
2
=
3
g
.E’ 0.05 LA Glycino—
.8 NoOH
§ Acelate Phosphals o
3 . al L]
[aa] O~ 8-p=0-90 o
3 4 5 6 7 8 9 1011
pH

Fig. 37. Effect of pH on bacteriolytic activity
of the active fraction treated by chitin
against lyophilized cells of V. anguillarum
incubated in acetate buffer (O) , phos-
phate buffer (@), Tris-HCl buffer ()
and glycine-NaOH buffer (Bl) adjusted to
various pH at 15TC.

FEEICB W CHBEE S W HE TR USEEIRE 30T T
%o 770 Hijelmeland et al. (1983) & = % A (rainbow
trout) D AFHTE D T NAB0~40CTHH L L, BREDL
(1986a, b) 137 1 DEFRRBE Thr GHBRLZY Y
F— IOV B EBRES, BIETIA20C, #ETR
LOCTHolzlbzWRELTVE, TDLIH I, FERIC
BB M. lysodeikiicus |23 B EHEIHHEO KU E M IR
12, 718 LU= < R (rainbow trout) EFEHIE & FAR
DEMZR LA, 24 GERES L UEhp o058 Lz
MR V' — A LEREEFBO LN, —F, HEMEE
D V. anguillarum 233 5B R IEEO RS E#EE LD
WC it Hjelmeland et al. (1983) #3= <% A (rainbow trout)
IZDOWTRETL, 30~40CTho7zZ L HEL T 5,
ARERICBWT, 7ARSEOMBRES BT HRE
123 3 25T TH Y, =3 < X (rainbow trout) ff
FREOFERFNC BT D EEWE D M. lysodeikicus L
V. anguillarum \23 3 5 EREEEONGESE pH B £ [0y
BEICHEEIROONZ Eh6, MEKRICIEAT HER
WERFNFNERIBEZE TRV LEES NS,
ZIT, AOWMREBLUOWEE LTORAY VT — 4
CEETOF 7 —EEERERMLT, TRENOuE)



T AR O E AR 45

RIZOWTHEBRF L 25, SEEE T, PCMB
DEM L > TEESZE L ET L0 LT, iy
VI = A TRIFEEDETIRBO N2 d ol 2O LR
b, SEHEFICEIE Y VF— 2 L RREOBEIEEY
EHFFEEL, TOWHEIZPCMB DEMIC & - T SHES
BEHENTHERET 2B 2T X5 208 G : 1990), 5
RAEFF—NTOFT—ED L) BEETI VP LEEL
H M 5, Hjelmeland ez al (1983) i = ¥ <= Z (rainbow
trout) RFEHED T OF 7T — ¥ 250 - BEL, 2h%
) TaTFT-ETHLHE LTS, FEETIE, tY
vT7uT T —EOMHEHTH D PMSFIZ & o TIHHER
HOEUEFE{BESN D o722 b, T7afkFER
13 =< A (rainbow trout) D N EZRE Y, L) T
77 —E2EIRVOTERVWPEEZLNDY, 20D
RSOV TR T LR OREEEE 2R LTSI
BErT B UEND B,

Db~z L 51, 72 hEHBEDICEELE M
lysodeikticus B X N V. anguillarum % EHE T HEBEE I
Toyopearl HW-500 77 )V 53812 & o TR % o 72 H 45124
WS N7z, COREHEEESIMEEIC S 5K
IBEBEEHB LU PCMBIZ X AHEMRICBWTER)
BOLNI=Z s, BHOBEHBEZEIMEALTVLEDT
B20hEEIONL, 5612, BBROBZEOREEL LY
BIREIZ T 572012, M. lysodeikticus % VEE T 5 Y V' F—
LREEE ST VR AVWCHERE»LBEL, BEL:
BHEWE D V. anguillarum 233 2 BEEREO KIS EE
BEBLUpHIZOWTHET L2 23, F5 0EsE
ERME TR O TS BBIRE TH 5 215CTIRITL A LTF
HERET, 30T LLA5CICE— s BEDLN, SO E
Po, FEHBPLY VF-2REEZRETLE, V.
anguillarum |23 5 FUBEBIREF S VIRERABE T
LLEFHLP LR T0 THNEDIEEDLS, 15CTH
V. anguillarum \ 233§ BEWIEMEIL Y V' F — ABEHEIC
BELTBY, ZOEHIZE > T7 20MERRIZEBE
BB TOEEBHHRERECELbDEELLND,
72, 0CBLULSCIRENERE* b OWHEIHIEIE, 5
VI L 5o TTLAEEERZZ T h o722 Ehb,
VI — AEERIVEE LW O EBbNnD, DEIC, F
F Y HEERADOISTIZ BT 5 BB EHE pH 1, Tris-HC
BEWE A VG APHS.6TH h, FRMEEE 0 pH
T.DEV22VEL, TAOEBKBEOpH L IiEkE L
HET S,

ZDEHIZ, TAEEHEOSMEE I, YV —

LARER L ECEBOBEEEROFAESTE SNz 2L
T, THODERFEWICHRMIIERATSZL10koT
TAEELEBLTWABKIERS L U pH I T4 2 A BIE
HERL, EEGHEOEELBEEZELLTWIDOTE
BuPLEIOND,

5.3 UJF—LOBH

HIHICBNT, 7TIOREWEFIZ) VF— 2L 7o
77— CROBEEEMESTFEL, ho oJERNE
FOREFA2HEICER L ORBME 2 EETs 2L %
PSP L7ze BHTY, HEEEICBITE Y V' — A
i3, ZOMOBECEROIN LB L TE NI &, T
TEBKRESRETH LI Ehs, BELEL, ME
BEPZITRTVEFEMICBNT, BEELZ@HE 2 LT
BOTRZVHEEZLNS, LA L, VVF— aBESE
12X B Vibrio anguillarum W31 A EEEMEIZHES »C
172,

A TIREFAE T ORISR R T O b CIEEIEED
BWYVF—LIZDONT, ZOWREEGHERTFELT
DERFFZHALPICT LI L2 EME LT, 72OEERR
Mo VT — AR R L CEILEERZEE S T 5 &
&I, V. anguillarum % 3 U &4 5 ZREAFMEIC
T BEBEEEICOWTRE L2,

MEBLUHE

HESSIUEHBORE FHEESIgDT I50B A
W7z, FEEEIE3.2 ERBICLTRE L, 727710, B
12120, 01m Tris-HCHBEE (pH 7.2) & AV 72,

EEERMOBEE A & FBIC Micrococcus lysodeikticus
HREEBREEE AV CTEREEZE L. 72750, Kb
FIBR1C120.01m Tris-HCIAR & (pH7.2) Z AV, K&
B 2 mLZEB0 42 Z 7N L CT30C TE05 B Is & ¥ T
530 nm (2B 1T BWICE 2 WIE L7z, BEEEEIL, HE
ZHML T2 WX OB IEE & SEHRIME O IEE D
EZrboTHELL, /-, AHEBEEMEL L Cuit% b
Vize Lunitid 1 5 HICSY Sy BEE 1 pg b 720530
nm 2B HBNEZ0.01E(L &€ 2 EEIEME Lz 4
Y7 BDEEITIE Lowry e al. (1951) D% FV 7=,
UJF—LOFE DTFISGRNS HETY VF — L 5
L7ze 2B, WEHITLZ7U0T 574 —DEDY I8
ZEOBMIEIERE280nm BT AR KEOREIZL 5T



46

1572

(1)i#E BME(R~RZ FFR7, 6,000~8,000) 125K
BEAN, RYIFL v Y a—)#6,000% v T
L7z

@A F@|IOATMIST4— A F VTWFITIE
SP-Toyopearl 650M (Y —) #H\W7z, 0.0lm V) ~EE#E
i (pH 6.0) THEIT LzilE %2, ) VBB ERICTFE{L

L7z SP-Toyopearl 650M % 5 4 (2.5X30 cm) IZEMIL,

YV EHEEICREEE, 0~ 0.3m NaCl I2 & BEEAR %
FAWTER Lz W#EIZ Imy/min & L, 4mlTOH5HL
72

BF7I71=F«4—o0%bFJ 35 74— Heparin
SepHarose CL-6B (pHarmacia) % Fi \2 72, ¥4 W6 PRI 55
%0.0lm ) Y EEBH I (pH7.3) CEML7zDH, AM %
Heparin SepHarose CL-6B % 5 A (2.5X25cm) IZ7AM L,
FEE R CLEE 12, 0 ~0.25m NaCliZ & HiEEAE % H
WTEH LA, EZL.5my/min & L, 4mlTO5HL
77

@BAA>THRIOTIISTT1— 4 F V3THREI
12 Mono S HR 5/5 (pHarmacia) % FiV> 720 & B 1 YT 55
#1.25% 2% » 70— 2 F & $0.0In ) Y EBRBER (pH
6.0) TEMNT L, EBEICTEL L7 Mono S HR 5/5%
FAICHEMLIZOS, FGHKER TCHER, 0~0.12v
NaClliZ X B iREQE AV CHEH L7, M#EIZ0.5
m/min & L, FHEIZImlE L7

(B)FIBE Ai#EH & L TId Superose 12 HR 10/30
(Pharmacia) % Fi\2 72 RG24 BT E CiRiER
AT HIZHEML, 1.25%% v 7 a—AB X T0.2m NaCl
ZE&T0.0lm Y Y ERBE T (pH6.0) THH L7z, MHEIE
0.3m{/min & L, 0.6mITOH5WM L7z, T2, TFED
WEICIE, By oy L TYRX 7 LT —EAGT
£13,700), ¥EFYT Y =4 AGTFE25,000) B &
U773 v (5F843,000) Z VT VABEITY, &
Y SF—2ADFFEFUE LI, KA FRY 27 200
FIIE TNV —FF X b 5 2,000 (Pharmacia) = iV 7o
HEOKREELEDFEDORE SDS-K)TZ7IYNTIFT
NVER KB (SDS-PAGE) #1757z, BRIKEH I 7Y
I}V SDS-PAG 7L — F10/20(8E— (b m) * A
VT Laemmli (1970) D75 5 TikEBy L 72, &R BRINE,
50mA DEBR TH 1 KEKER, 7~ —TVIT ¥
F7NV—R-250TCTHE LT, FTEMEA—F -2
SDS-KRYTFZYNT I FFIVELRKEHMW-<— 7 —
(F 1) = v 7 IVEER) 2 V7,

EZBHOBEE EBEUVTZINT I FSVEESERIK
BIEE %47 o 720 MIPEIEKIC X Bio-Lyte 3/10 (BioRad) % A
Wiz, EF)V1113 = IEFE ) (BioRad) # W T, ERER
UTZ7UNT I FrVEERL, ZHICHEREEEZREML
7205, 100V T104:, 200V TL04+B X U450V T2045-F
KEZET o7 RERTHI V=TV IT ¥ FTI—
R-250C4efa L7z BEBIZIE 1 RBEEIHEE L C0.5%HE
SL12% A4 Y Tax) — ViR EL T BEERERE, 2RKR
BIE LTB%A Y Tax) —VeEt 7 EBREEE ©
nNEnBw, SERllERA~—- 77— LTEPIAY T
L —3 3 »F v b (Pharmacia) # V272,

FI/BOR BEEEIOBELZ2EEOY VT -2
D% % ZIEFR TS (110°C, 248 B X U728:[E) L
7-0b, £HENT I/ BSITE Model AA0L (ZZE{LE) %
g, 17THEEOT 3 /7 BICOWTHES T 24T - 726
T EHREOER FEY VF-200HEREDO 7O,
Y F05EET Y 2N b (Difco) EBELEZDDL, THF
DETIC1Iml% 1 ARBEECTL EEEL-, REEER
10H ICE#R> ORI L0, IiEz 58 L7z, miEx
Tris-HCIB B #1288 L7z D H, DEAE Affi-Gel Blue
BioRad) # 5 L2702 7T 74 —%4T>TC, vHF
IgG ZHEH L7,

EBREEHOSE HEMIE, ~SUY, EXFIVEB
TUN-TEFVINVIYI AN, BERXEEHH
PLOMBEEAEEBAL, SHTHEBELL-OD, M
lysodeikticus DIGBWRETML, EBEET TS SET
WHEIEEZHE L w0 L7z BREHR O RS EF CORE
1, ~s%Y >~ %10, 1008 & 07200 units/ml & L, B A%
SVEN-TEFNVINVIFI VTRV TNRS 5 BLTI0
mm & L7z,

B2 Hiik % (EIA; enzyme immunoassay) IZ & 2 HEHD
B BEYVF—LLIEY VT — b L OREEEBE
L7zo FUBHBICIZEE ) V7 —2 1, TEIES (£0.04
ug/ml) ETHBOIE ) V'F — L (Sigma, 25 pg/ml) %
Wiz, FURICIERY) v — A TEICH T 5 ¥ F1gG
2HW/, EIAICI, AVEKETL—F ERER-27 541
M) 2RV, A7 L — F#%10% 1-ethyl-3- (diethyl-
aminopropyl) carbodiimide hydrochloride TiFE WAL L 720
PR %100 1§20 FRICHEM L CHIREZEML L7205,
5%AFLINITTHyFTL, THFIgGERM
Lo SHICRMF F T F—VREHBR T Y FgGY ¥
IgG 2 &¥nh, 6-72=Lb I T7TIVEERL
LTz, RB#ETH, MEBEcezEEL, w170
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7V — b U—%—MRP4A KV —) % Fv:T492nm (2 3B
VF B & U BT DGR % i€ L7z,

FREE#EZGORE S5.20FErAVTREEEERE,
EHpH B L UEHY ¥ BBEHRTVBEICOWTREL
Too 72721, MBI VEERBRE T FV7z,
EBRAREEICH T 2BEEE  HHE 21 Pasteurella
piscicida, V. anguillarum, Enterococcus seriolicida, Aero-
monas salmonicida B X O° A. hydrophila % A\ 72, &H
PR R, 0.5% FN<) Y TARELLZOL, 0.01u
Tris-HCH R C 3 BB L OB OB I v 7,
TE I ITRERR 2V, M bsodeikticus (2313 2 5 H
TEHEE B & R ICAT 5 720

= R

BREEDSDY JF— LOWS BB TR L7230
% SP-Toyopearl 650M # WV TA 4 v ru~< b 75

TA— 2T THRLNIZY VISV EDBEISYy -2 & M
lysodeikticus \ 23§ B IS WIE M % Fig 3812 /R L 720 M
lysodeikticus |33 % W HTEEEIE NaClLIBEE 250, 2m 5512
A b7z, T DE M E 412D > T Heparin Sepharose
CL-6BICE BT 74 =74——0< 574 —%%»
THE L NIKER % Fig. 391K Lize WEITEHE L NaCl iLE
DO IMFEICA LN, E5I1Z, ZDEEHES % Mono
SHR5/51CEBAF Yo u< T 74— %Fo<
BONTAERE Fig 401K L7z, BHEIEMEIE NaCl DT
0.092m (I 24) & 0.10m(II B) 3R ICFNEND ¥ — 2 38
BOOLN, type ITH) & type I (TH) & &4H137-. Fh
TNOEEES 2 EEL-0b, LI Superose 12 HR
10/3012 & 5> THF IV B8 % 1T 5 TS5 N72280 nm WL 5 ~
NOBEEMNY - EREEE(—TRLA) OBER
Fig ALWIR L72e ZNZENEEDD 5 7215.4~16ml DE
HESOGFEXHE L, HEL Fig. 4218 L7, Bl
LGB OG5 FEIXTE & 3#918,000TH -7 oh
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~ Fig. 38. Ton exchange column chromatography of the ayu skin mucus on SP-Toyopearl

650M. The crude extract of skin mucus was dialyzed against 0.01 M phosphate buf-
fer (pH6.0) and applied to an SP-Toyopearl 650M column (2.5 X 30 cm) equili-
brated with the same buffer. The column was washed with the buffer and lysozyme
fraction was eluted with a linear gradient of 0-0.3m NaCl concentration in the buffer
at a flow rate of 1 m/ min. Four ml portions were collected in each fraction. The
solid and the broken line show optical density at 280 nm and the concentration of
NaCl, respectively. A bar represents the lysozyme fraction.
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Fig. 39.  Affinity column chromatography of the lysozymes (Fig. 38) on Heparin

Sepharose CL-6B. The lysozyme fraction pooled by SP-Toyopearl 650M ion ex-
change column chromatography was dialyzed against 0.01 m phosphate buffer (pH
7.2) and applied to a Heparin Sepharose CL-6B column (2.5 X 25 cm) equilibrated
with the same buffer. The column was washed with the buffer and lysozyme frac-
tion was eluted with a linear gradient of 0-0.25M NaCl concentration in the buffer at
a flow rate of 1.5 ml/min. Four ml portions were collected in each fraction. The
solid and the broken line show the optical density at 280 nm and the concentration
of NaCl, respectively. A bar represents the lysozyme fraction.

b DRAFHEB T ORBEEICEIT SRR %T Table 2 1R L
Joo WUV F— LOBENNEIZ L % TH 72
HEOBREELSFEORE HEEBEIOBHLLZYY
F— ADFELMET H7-012, SDS-PAGE %17 o724
Bk Fig 4312, F/-EEy v 7 2AVWTHTEHNE.
1o #ER% Fig 44157 Lz W OFFRFE b RIE
0.84fFHFEIC 1 ADNNY FRIBE L, Z05F=134718,000
THol,

SEBHOAE BERHNOLBALHUET A7201L, BR
KB T - 748 % Fig 451K L7z, SRBEAEE
pHIBICZNZEN1EDONY FEEEL, $ERIZ9.4L
9.8 TH o720

TIJBME T3 BOWMOERE Table 3I1TRL7,
GEERERREY VF—20 T S v ET 720
£, MR Py BLTLAF I Y IENI EHHL
Mezole. LBL, YAFVIEWTNDY VT —ANDH
Y5 Tan R (R IR A

FAERICLZHE Ay, EXFIVBIUN-TE
FNTN AT I VX BER) VT — LOBEEEICRIET
+ 2% % Table 4 12K L7770 [ BIOBEERZ A/ ¥
100 units DRI & o TEEIWCKFELAOWH LT, 1
D % 11200 units DT b HEHIC L T71.5% 555
Flio 27 32E, [HOEEE2 5T, T8 %10
muM CFNEFNEFE LR, N-TEF VTN IH IV
0mMDEET, THBICTIHICE L CHEETEA
80.9%, 87.6% &, IZIZABEIFEELET SE7,
EIAKICKBHEEOER I VT — 279 FHm
BT aEEY)vF—L 18, [RBIUTWNAY VT —
LD D W THET Lz, 492nm 2B 1) 2 WEE I
TE Y S — 208 LTi20.172, TR VF— 2123 L
Ti20.116&, 1B X OTHEICEZEERA LN
720 LPL, BREY VF— A1 L CIEREEEIL 0 TH Y,
O#E) VF— b EDREEEHONEDP 572,
FEEEEERa0®st SRy vF— 2 T8B IUTERE
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Fig. 40. Ion exchange column chromatography of the lysozymes (Fig. 39) on Mono
SHR 5/5. The lysozyme fraction pooled by Heparin Sepharose CL-6B column
chromatography was dialyzed against 0.01 M phosphate buffer (pH 6.0) containing
1.25% saccharose and applied to a mono S HR 5/5 column (0.5 X 5.2 cm) equili-
brated with the same buffer. The column was washed with thew buffer and lysozy-
me fraction was eluted with a linear gradient of 0-0.125m NaCl concentration in the
buffer at a flow rate of 0.5 m/min. One m/ portions were collected in each frac-
tion. The solid line and the broken line show the optical density at 280 nm and the
concentration of NaCl, respectively. A bar represents the lysozyme fraction.

Table 2. Summar of purfication of lysozyme from ayu skin mucus

Fraction Total activity Total protein Specific activity Yield
(X 10° units) (mg) (units/ pg) (%)
Crude extract 4,813 23,595 0.02 100
SP-Toyopearl
650M 2,511 715 3.5 52
Heparin Sepharose 1,735 41.8 41.5 36
Mono S HR 5/5
Type 1 124 0.27 454.6} 1
Type II 383 0.21 1784.6
Superose 12 HR
Type I 27 0.20 1378.8} 4
Type II 146 0.07 2018.2

The enzyme activity of each step was assayed using lyophilized cells of Micrococcus lysodcikilcus.
The enzyme unit of lysozyme activity was expressed in 0.01 change of optical density at 530 nm per min.
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Fig. 41. Gel filtration of the type I and type I of the lysozymes on Superose 12 HR
10/30. Each lysozyme fraction of type I and tupe Il pooled by Mono S HR 5/5
ion exchange column chromatography was applied to a Superose 12 HR 10/30 col-
umn (1.0 X 32 cm) equilibrated with 0.01 m phosphate buffer (pH 6.0) containing
1.25% saccharose and 0.2M NaCl. Lysozyme fraction was eluted at a flow rate of

Each fraction was 0.6 mZ The solid line shows the optical density at

280 nm. A bar represents the lysozyme fraction.
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® Ribonucleose A
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0.4 SOZYIIE TN @ Chemotrypdnogen A
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Molecular welght (X 10%)

Fig. 42. Determination of molecular weight of

the lysozymes by Superose 12 HR 10/30
of an FPLC system. The elution position
of lysozymes (type I and type II) was
indicated by an open circle. Standard
proteins were ribonuclease A (a: MW
13,700), chymotrypsinogen A (b: 25,000)
and ovalbumin (c: 43,000).

Elution volumc (m1)
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Molecular
weight
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Fig. 43. SDS polyacrylamide gradient gel

electrophoresis of two purified lysozymes
Electrophoresis
was performed at 50 mA according to the
method of Laemmli (1970) with a 10-20%
gradient polyacry lamide gel. The gel
was stained with Coomassie brilliant blue
R-250 and destained with 7% acetic.
Standard proteins were monomer (MW :
12,400), dimer (24,800), trimer (37,200),
tetramer (49,600), and hexamer (74,400)
of cytochrome C. S: Standard proteins,
I: Type 1 lysozyme, II: Type II
lysozyme

from ayu skin mucus.

D M. lysodeikticus \Z3F 9 B EWIEMEICRITTEE, pH
BLO VERBEE IV IRE DB % Fig. 46127R L7,
FUSEFTEE35C, F#pHI36.915%E, E8EVERE
120.01TH B EFHLNE R 572,
SEARMEEICHT 3WEEN BERN OSBRI
12X BIEEIEM: 1L Table 5 IR$EY Th 5, HBElzE
W N b M lysodeikticus, A. hydrophila B X U P,
piscicida 123 L THBIE WIEE R L7122, V. anguil-
larum, A. salmonicida 3 X O E. seriolicida \Z5F$ 5 i& 1%
1HED 5 72,

Molecular weignt (X 10%)

0.1 0.5 1.0
Relative mobility

Fig. 44. Determination of molecular weight of
two purified lysozymes with SDS polyac-
rylamide gradient gel -electrophoresis.
Electrophoretic condition was described in
the legend of Fig. 43. Standard proteins
were monomer (MW: 12,400), dimer
(24,800), trimer (37,200), tetramer
(49,600), and hexamer (74,400) of
cytochrome C.

z 5

RIEIICBWT, 7T2OREREHRICY VT —2kd b0
X707 7 - EROBEEEDESFEL, ZRoHE
FICER L OREME AR T LWL L, £
7o, TLOBREHETICIIZO L) ZEEEEDEOII0
WCHUEPHFREL, IRLBAIICEVT, SNREDES
THHME L EDBEL D TR TWEERRTE—R %
BHHEIT > THBZEEHALHIC LIz, 22T, AEHT
EIN O DEEYEBORMEH S 2T B72012, Y
VF—ABRLTEOWREHASPIITHELE DI, &
TEERME IS 2 W EEE R RE L,

TV, TAEEMEHERD Y VF— 413, Heparin
Sepharose CL-6BICRET AT B LU VLo
TEEFHESNDLZ LR, ~/8) VICEMEREO S
EPHALPE R o720 TDE AN v EDEMMEE D
DYVF—LE LT PEAFOY VF— L0 E SN
T2 % (Boesman-Finkelstein and Finkelstein : 1982) . 3% 51
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Fig. 45. Determination of pl of two lysozymes

purified from ayu skin mucus by thin-layer
polyacrylamide gel isoelectric focusing
(IEF-PAG) . Isoelectric focusing were
performed at 100 V for 10 min, 200 V for
10 min, and 450 V for 20 min in Model 111
Mini IEF Cell (BioRad). Bio-Lyte 3/10
was used for the carrier ampholytes. The
gel was stained with Coomassie brilliant
blue R-250 and destaiined with 7% acetic
acid containing 0.5% CuSO, and 12% 2-
propanol, and then with 7% acetic con-
taining 25% 2-propanol. Standard pro-
teins for IEF-PAG were B-lactoglobulin A
(1: pI5.20), bovine carbonic anhydrase B
(2:5.85), human carbonic anhydrase B (3
: 6.55), horse myoglobin (4: 6.85, 5:
7.35), lentil lectin (6: 8.15, 7: 8.45, 8:
8.65), trypsinogen (9: 9.30), and
cytochrome C (10: 10.25).

Table. 3. Amino acid composition of the two
lysozymes purified from ayu skin mucus

Residues/100 residues

Amino acid Type I Type I
Asp 9.5 9.2
Thr 5.2 5.4
Ser 7.7 8.2
Glu 12.0 12.0
Pro 3.0 3.2
Gly 12.6 12.5
Ala 9.9 8.9
Cys 0 0
Val 8.1 7.9
Met 1.6 1.2
Ile 4.8 4.5
Leu 7.0 5.6
Tyr 2.5 2.2
Phe 3.4 3.6
Lys 6.6 8.7
His 1.9 3.0
Arg 3.9 3.8

Hydrolysis was performed in 6N HCI at 110C for
24 and 72h. The values for Thr and Ser were ex-
trapolated to zero time of hydrolysis and those for Ile,
Leu, and Val were the highest values. The values
for other 12 amino acids were the averago ones from
2 hydrolysates.

Table 4. Effects of some chemicals on the
lysozyme activity of types I and II

Relative activity

(%)

Typel Type I

Heparin
10 units/m/ 48.9 95.6
100 0 77.9
200 0 71.5
Histamine
5 mm 0 34.9
10 0 0
N-Acethyl-pD-glucosamine
5 mm 85.1 97.1

10 80.9 87.6
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Fig. 46. Effects of temperature (A), pH (B),
and phosphate buffer molarity (C) on
activity of the purified lysozyme of type
I (O) and type I (@) of ayu skin

mucus.
A:0.01 m phosphate buffer (pH 7.0).
B: 0.01 m phosphate buffer at 35T.

C: phosphate buffer (pH 7.0) at 35T.

YVF—2DHERICOVTIX, 7T IOEERE,IS YV
F— L DHRER LIRER, SEHORRL 2BEOY Y
FLPRBENT, WY VSF— 21 E S IHGFENY
18,000TH» 575, EBRIXZNTNI.4L9.8ThHo7, &
DL, FFESALTEEHORLLBERIVDY S
TAVHFALTREVPEZEZOND, 2D L) 2HIE,
= V< X (rainbow trout; Oncorhynchus mykiss) O &l
RIVF—L2THRESRTEY, 5SFOEEIR14.4kDaT
FBAIZENZNI.5L9.65TH o7z (Grinde et al.: 1988),
S, EHOLDPDEELLY VF— 213 = < X (rainbow
trout; Oncorhynchus mykiss) D & SEBEIZIFIT—FKT
B, FFEBERPPLRKEVEMZIR LIz, MMOBWHEICS
WTEEDY VF— A0 508 BEE -85,

Table 5. The bacteriolytic activity of the puri-
fied lysozyme against fish pathogenic bac-

teria
Type I Type I
(units/pg) (units/ug)
Pasteurella piscicida 40.0 25.1
Vibrio anguillarum 0 0
Aeromonas salmonicida 0 0
A. hydrophola 86.1 50.2
Enterococcus seriolicida 6.1 0.8

Formalin-killed cells of the bacteria were incubated
with the lysozyme at 30C for 60 min in 0.01 M Tris-
HCI buffer pH 7.2), and optical density was mea-
sured at 530 nm. The enzyme unit of lysozyme
activity was expressed in 0.01 changes of optical de-
nsity at 530 nm per min.

Kaki-duck (Herman and Jolles: 1970, Herman e al:
1971) B & U'Peking-duck (Kondo & : 1982) ®IIEFask 1)
F—LilbHONDE, 40, FHLIER L7 206kE
M) V' F— 212 2 DOEDH SIS, A kb X
IETAVHA LTHLUREEERE Y, LaL, Bk
TIVF =BT VAT IF—BlZhoTELLZZ L
bEAONDDT, SBFMERIAVLETH 5,

T3V BANOERPOREH) VF -2 T ML THRT
BTy, CAFI L UMYV BIUOT IV OEEE
ICERPRO LN, ZOEDPOT I EBEICOWTIRE
PLEFEON, COZErs, TBXUIEYY
FT—LB3T I VBROEEIL DEM Ly Vs BETH S
CEFRALPTH D, Tz, MEICRY Y BLULAF
VYDESRBEEMROT I VBBEN Ers, [HO%
BEFTELIVEL 2o dbDEEZOND, —IC, 5
HYVF =L ETRAEDY ZAF v BESS D720, 4
D S-SIHEEGFFEEL, INI)VF— LDV EEED
REFFRPHIHE I T 2 ERORERIE L > TD ESh
TWD (b - HR, 1974), FEMES BB LIZY VT —
20& pH 7 DRBE I TH50C 1055 D g T g L7 Ge
) DS, A VT — A TIRRBOMEIR I LTid
0% DEEDPEFT 5L (BB 119862) 205, #EELy
VF—LRZIEY V- A LB L TARERBEETH S
LEZbN, THIEY U BEOREERESET LY 2T
UHFEL Doz EITBRT AOTREZVIEZE LS
b,
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BEYVF - 2O EBEHIIOVTE, =VUT R
(rainbow trout) DEEL 558 - BE S h/IZY VF— A4
DEFND, WD pHS5.5TIRE 1345C TdH - 72 (Grinde
et al.: 1988) DIZxF L, 7 TidpH6.9TIREHIBT &,
= U< A (rainbow trout) DZFN & IZR R EL S Z L H
birtkol, TOLIICHECHERKEREEDN) VF— LT
b ZDOMWRARL ZERICOV TR L Tk,

BHAERC L AHBIIOWTE, ~SYVIZEB )Y
F— AEHOMBERED, THID S IR L TRRE
THLZEPHLPE L o720 72, EAF I VIZDONVT
D IED IR LY MEEECTHESNS Z EARENT,
ARY YRERAY I VTGS HBREMES TR E NETES
B LD, REHREFOBRINWY) VT — 208K
WCRETOMHENESHBODEEZEZ N, T72, N-Tt
FOZNIY I VIEWY) VT — L L CREEDOFEE
EFEEFOILLFHALN L Lo, DXL, ERY
IVIRE o THEEFHE SNBSS N-TEF VIV IY I
N L THEEZZIFII WYV F—a L LTE, 7981
% (Haward and Glazer: 1969) 8 X U8 4 F ¥ 7 (Glazer ez
al: 1969) kD ) V' F — ADHE ENT W5,

EIAEZ Ve ER ) VF— 2 I BB LU
B 5 CHEA Y VF — 2 ORERBHE TR, TE L RE
PUEE UTIEBE Loy FHERIE T B L RER RO L
o, TEE TENCIEGEHESHFAET 5 L L L
Tole L2L, APEEIIAY VF -2 L IERE L%
PofzZ b, HREMEHRY VF— 23000 VT —
LG EBRE R 2w EE I LN,

ZHEARME T 5 7 LAEEBBEOBREEICO VT
1, A. hydrophila B X O° P. piscicida \Zx$ BE WG DS
B EP 7225, 7T2ORERETH 5 V. anguillarum
WXL TIRIEE A BB A DN D 572, FIEIICE
W, 7 ZOERERIEF IS M. lysodeikticus & V. anguil-
larum * R T HWEDPFET HI L EHLPIIL, Th
S ORI T 2 BRREE ORI EBEHIRLR L2 L,
BREEAICL AHENENREL LI L2 TITFTF VL
U L B EHEEEOBLDE N &9 5 7 L ORERIE T
I VF — A ROBRBEROIEINICT U T T — EHOE
ROFETHILER LI, 40, BV F— L0V
anguillarum ® BE LW EDPHL DI R 722 &b,
TREREETICE TN TS V. anguillarum 235 5
BHEEZ IO T 7 - EROBRICL 5 b0TEEVRL
BEZONDY, AIHIOKRE LA TEETH L, V.
anguillarum (233 5 HREHEOBEGEEL IV F—s L

7

MDBERE & DBEERIC L 5 TR LT 7 2 0OBEEKIES
THEEINLZELIIEZBLTHA I,

5.4 1§ =

T I OEERRIC BT 5 IR =R HEE L H O »
125572012, BREMEROBEREWEICOWTRE L,

1. 7TZIEZBIFH)VF = 2OFAIIDOWTHEE L7z
ZA, BALY Sr BN OFEEIIEREEIR LS
{, DWTH, B, BEBICMEDIETH -7, FE
R COWEMEATTE N L1d, HRERRICB 1T B AERBEE
BOBEMERMLIZbDLEZ LN, 72, ZTOEHE
DREEEBHRMFRT LOEBREL L(AHLIZHOT
HoTze MEMTBICBITHBERIFEEXT VA VI VR
PR TOREEENE NI L2 5, BEEEDEOEEIT
U F—AThHDHEHEI NI, .

2. HREHBICBITH) VT — LEMRL V. anguillarum
WA BEEBEEIC OV THL 2T 572012, BT
WAHBLEZS, TEEE D ICE—ESISEH L,
ZIT, TOESFEACTEF VREIZL 5HEICONT
AL D, ZOMBL 5T VT — 2ERIZHEL
7295, V. anguillarum 233 B G (0 7 7 — CEE
M) IXBRIFE L7 LT, V. anguillarum 2343 5 EH G
BORSEBIRE L, 57 YUERTO15T 2 HAHEEZITIE
0LASCARIT LS ED D, 7T ZORERBEHIIEER
DEREEDENFEL, CNOFHEMIAERALTT 2
DEEBEITE L-&FT CHa e mMEzEL T
WpEEz bz, &I, VYT — AL V. anguillar-
wm 3T B EEEE DT LOBEKEMETREET S &
IIERALTnEbDEE BN,

3. TAREHETF O VT — AOEREHESPITT S
B, VT — LOERERAT, TORER, VT
2 13 SP-Toyopearl 650M, Heparin Sepharose CL-6B,
Mono S HR 5/53 & UF Superose 12 HR 10/30% F V> T
BT DI EDTEI, RGO 2EEDY) VT — 4
PEHEND, TNLRTAVFALTHLEEZDLN
7ro UVF—2DO5TEIFEVTNH18,000, EESIE9.4
(TE) L9.8(IE)THY, 73I/BOWOER, 18O
BEET I VBOGESIHEOZNL )RS h 57205,
TR AN RERENICRESE YR LT, BHY VF— A
FAEFHBE O D b A hydorophila & P. piscicidalZ3F LT
BREEMEEZR LY, Vanguillarum (23 L TIXIZE A
LIEMERE R ol COKRELAEOKERNS, FE
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R BWT Y V' F— 213 V. anguillarum % BEEE L
BV, DT T T - EREEEBRLCERT AL
WEoT, T2OBEBREIEHR LALET CRBEEES
RETEL DEEHINI,

BOE FRIKICHTIRMPRERD
R & EHBHEDRE

#

FEABIUSEICBWT, 7EEHIERICHER )
F—LDHFEEL L PICZOMEREZHEL LIz, LA L,
HFIEREIC BT 2 EELHWEEE LTz hs 25013
DI - W Lo REE 2 R RMNICRE ST
BRI & DIIATERT 288 b E 2505, Di
Conza (1970) i catfish )N F ¥ 0 148 ; Tachysurus au-
stralis) DEFEREHEP S, F7- Spitzer et al. (1976) I Paci-
fic hagfish (X & 7 70 1 #; Eptatretus stout) 5, %
NENTFFRLe ORI (Rh-) RIMEKZBET L 5 /5y

]

HEINZIRIBL, ChoOWEIHREREEL, #i

WD & A ST & & b ISR OB & 4
T 5 TH A ) LB LT b, FETIHEIEHEET
DEEZEHEEL CZOBRICOVTHRE L7,

MEBLCHE
BRIEFEDRE FIHHEED g O 7 15055 3.2 & Ak
WL THRRRR LRI L %28, HIUII120.15m NaCl
ZET0.0Im Y VEMBEN pH 7.4, V) YEEREAEK) ¥
Fwviz,
FMIROBEE V¥ RN = 2 — P~ 5 ¥ FoyFn
HEFRPORILL, #5 2 — X % BT B
ZAEB L7z, by UMk E EE v MR VTNRD
WD BRI G ERRSHE) 2 A7, & bR
MmERiTA, B, OBLUABEIRMBAIREL, Hds
MFEZER Lz WIENRORIMERS 1)~ EHEEH Ak Tk
W1k, 2.5% WA AL L CREBICH LT,
FMFFEEFEORE BHHRTICRSKO~L 705 4
F=R7V—brelwiz, #klz ) vEESEAEKT 2
FEERFR L CHICEBORMBRBERZRML, <~ 70
I —THEHE, 20T T2EBENG S TRENHEL
TOBREZBE L,

FMIFRERONE 774=F41—2r0<vbr574—
BLOFNVABEICE > GRNFKBEZZ25EEL T2 ¥~
N7 B OBREICIZ280nm ICBIFAEEEZHIE L7, F
72, FRIMEREEEROBMICIE Y ¥ FRMmEkE vz,

M774=2F4—=70%FF57 14— HEICIE ConA
Sepharose (Pharmacia) % i\ 72, REREHE %+ 1 mu
CaClz, 1mm MgClz B X 170.5m NaCl % & #¢0.02m Tris-
HCUR R (pH7.4) 1ZEHT L7218, FHEERICTE L L
7z ConA Sepharose 7 VIZHIN L 72, F#EEETF N %5k
& L7-%, 0.05m, 0.1m, 0.2 B X U°0.5mM ® a -methyl-
D-mannoside % & £r0.5m NaCl /i10.02m Tris-HCl 42 1 il
TERBEMEE 1T 272,

(2) 7583 ConA Sepharose 12 & % 58T, 0.05
M a-methyl-D-mannoside 12 & o> CHEHM L-HS %, 1
Y ERARE AR K TH L L /2 Sephacryl S-300 7V
(Pharmacia) 200m/ % FH L 727 5 LML T, #u
HBEAT o720 HHIZ0.5ml/min & L, H5HEIX2.9m!/
& L7z
HRICHT 2RMEOBRE fkoFEcRE LRIk
G &€ 7:0b, ZIUCFUSERTT0.25m L5 L 512
FHEL L7 SRR AL C, BB L-0b, 25CT
VRS #, 4CT1MEE LT, SEOMEEORES
B L7z, B¥ICIE, D-WTF7 b —R, L-T L/ — 2R, D-
TIA—=R, p-¥ Y /) =R, L-T7IA—=X, D-7IVT =X,
2-TFFTD-FF7 =X, N-TEFNV-D-FIIH3
YBLUN-TEFNV-D-#F 27 b I iV, HiE
2T A BEMEOBETICIE, HERESB X U ConA
Sepharose ;7 W[5 72 & TN Sephacryl S-300 T4 L 7=
E5D 5 LR SEEDE D - 72b O % BRI TG L T
THENERITHE L7,
BERABEICEB3@IT KUT 7YV T I FOVERIKE
% (PAGE) (FkH - H4F: 1981) # Flwv iz, & ¥ /87 Befaic
X7 =<7 7 b TN —R-250% Fviz,

B R

EEFMIRHT 3 ERMEEOEEBE SEROIRIT
T 57 AR OBEEMEE Table 6 IR L7z, RIMER
BEZRMIT I FRMERICH LTkl 1 16TH o775, b
VY, ENVEY PBLUL MA, B, OBXUABHNL
FRILERISHE U CIRBEEE R A b o7,

FRMERERETFDSEE  ConA Sepharose |12 & % 7 165k,
WDy I BOEWINY — ¥ % Fig ATIZR L7z, T
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OD at 280 nm

Table 6. Hemagglutination activity of ayu skin mucus against erthrocytes

of several species of animals

Hemagglutination titer (1:)

8 16

32

64

Rabbit + —+
Sheep -
Guinea pig -
Human
type A
type B
type O
type AB - -

0.3¢

0.2

0.1¢p

0.2M

—J

20 40

Elution volume (ml)

60

80

100

Fig. 47. Affinity column chromatography of the hemagglutinating fraction on ConA
Sepharose. The homogenate of ayu skin mucus was dialyzed against 0.02 M Tris-
HCI buffer containing 0.5M NaCl, Imm CaCl; and Imm MgClz and applied to a ConA
Sepharose column equilibrated with the same buffer.
the buffer and hemagglutinating fraction was serially eluted with 0.05 m, 0.1 M and

The solid line represents

0.5M a-methyl-p-mannoside in 0.02m Tris-HCI buffer.

the optical density at 280 nm.

The column was washed with
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FFEHRE % ConA Sepharose I LT, % L7z0h,

0.05M a-methyl-D-mannoside % & tr#E &l CTEM L7-
EZA, BBmlEGFICKER S YNy EDOYE— 7 N EH L
7o LAL, 0.1m, 0.2mM B X UF 0.5M @ a-methyl-D-
mannoside TI& ¥ Y X7 BEDBEHIZA SN ol T
EFRAE D ConA Sepharose (27 LT 0.05M a-methyl
-pD-mannoside T L7-W 4 (& #F W4 ) &, ConA
Sepharose IZHE U7 %0 o 7243 GEWAE E53) O 7 4 Fik
MERIZH S B IR ERGEEE TG 2 ATz FERET SISOV
TE280 nm IS BT BWSHEA0. 25 EOW &5 %, T 720k

0.3

<<
[\

OD at 280 nm

0.1

BT O W TEHEIEED0. 08U EOE S % 2 2
T, PBSICEMEARMERGEERMZBE L2 25,
HT1:8, BHETIH]L 116THo7

EREBRFE 55 % Sephacryl S-300% F\» T ConA Sephar-
ose WA 5% 73 L 745 8% Fig A81TR L7z, & v %2
HOEERZE -7 2204060, BEEEIVFhOY—
I BN, E1Y—-DEBRIE 2 —270DFN
LY BRRER o720 WTNOESGIZ B IELEAHR SN,
FERBIC L2 FMBEEERNE 7RI
TH U727 % FRMBROBEFLBEHOTRMC & 5 TR

(wC 1) UL

Elution volume (m/)

Fig. 48.  Gel filtration of the hemagglutinating fraction on Sephacryl S-300. The frac-
tion which was eluted with 0.05 M @-methyl-p-mannoside from ConA Sepharose
and pooked was applied to a Sephacryl S-300 column equilibrated with phosphate
buffered saline (pH 7.4). Hemagglutinating fraction was cluted at flow rate of 0.5
mZ/min. The solid line and broken line represent the optical density at 280 nm and

hemagglutination titer, respectively.
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HEL 72455 % Table 7 IR L7z 7 LRRMHIC K 5L
FEMiZ1:80CTH o729, D-HTF7 b—2A, L-T &/ — X,
D-% ¥ /) —AB LU D-7 I — ZADEMIZ & o TEENG
HeLC, BREFRMILL 10k E oz 72, D-T Y

P AWML > TEERMITL D 10& 257205, L-7
I—R, 2-FAFT-HF52 b—R, N-TEFNV-p-7 I
OB IVBILUN-TEFNV-D-FF7 bFIv2EML
FBAREBRERMIZ  40~80Th Y, MEME EIFEA
CEREIANG P57,

DI, 73—125%*15‘(&@ ConA Sepharose W& M7 & 7
FFIRIER & OEE D ETEREIEOTINC & o THEHE L 724
% Table 8 IZ/8 L72o ConA Sepharose I35 ] 5D & 1
Lo THELUBEHZMIZ1 (160TH 57275, TNIIp-7
S b=, L-FAL/—ABLPD-7a—-A%HEMLIz
EZA1I10RMERY, D-v ¥ /) —R, D-TIVZ b—2
BIXON-7TEFND-ZNIHITIE1:20E7% 57,
L-73I—R, 22T4FT-HF3 7 V—ABIPN-TEF
WeD-HTF 7 M3 Y OFEMTIHEERMITERMX &2
BiZANO LD o7,

Sephacryl S-30012 & B 412 & o TH L7z 3 FiRIiL
RO BEDFIEHEIEOTINC & o THREE L2 R % Table
IR L7z ARMEHT L 2ARMERDEEFMIL 1 1 320T
BHolzd, D-HTFT b=, L-FT 5 /) —ZABLUDd-7
T — ADFIMC & o TEEFRMIE 1 ¢ 10505 & % - 720 D-
Y= ADTIMIE 5T 1 40B L L-7a—ATiF 1
180825720 D-TINT b= R, 2-FAFV-HTT b—

Table 7. Dissociation rabbit
aggregate formed by ayu skin mucus
homogenate with selected monosacchar-

erythrocyte

ides

monosaccharide Titer (1:)
PBS 80
p-Galactose <10
L-Rhamnose <10
p-Mannose <10
L-Fucose 40
p-Fucose <10
p-Fructose 10
2-deoxy-galactose 80
N-acethyl-p-glucosamine 40
N-acethy-p-galactosamine 80

A, N-TXFNWV-D-FNaA¥YIVBLFN-7TEF V-D-
A7 b3 Y OFRMCIREERMITERNX & 221372
DHENZP o7,

Table 8. Dissociatio of rabbit erythrocyte
aggregate with selected monosacchrides.
Erythrocyte aggregate was formed by the
eluate from ConA Sepharose affinity col-
umn chromatography of ayu skin mucus

homomogenate.

monosaccharide Titer (1:)
PBS 160
p-Galactose <10
L-Rhamnose <10
p-Mannose 20
L-Fucose 160
p-Fucose <10
p-Fructose 20
2-deoxy-galactose 160
N-acethyl-p-glucosamine 20
N-acethy-p-galactosamine 160

Table 9. Dissociatio of rabbit erythrocyte
aggregate with selected monosacchrides.
Erythrocyte aggregate was formed by the
eluate from ConA Sepharose S-300 col-
umn chromatography on which the active
fraction of ConA Sepharose affinity col-
umn chromatography of ayu skin mucus
homomogenate was applied.

monosaccharide Titer (1:)
PBS 320
p-Galactose <10
L-Rhamnose <10
D-Mannose 40
L-Fucose 80
p-Fucose <10
p-Fructose 320
2-deoxy-galactose 320
N-acethyl-p-glucosamine 320

N-acethy-D-galactosamine 320
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Fig. 49. Patterns of polyacrylamide gel elec-
trophoresis with the eluate from ConA
Sepharose (A) and the eluate from
Sephacryl S-300 (B).

BRAEEICK 38 ConA Sepharose BHHIES B X U
Z DE45 % & 512 Sephacryl S-3001C & 5 CTHE L2H& b
EEOEVE S D PAGE I2 X 55 E % Fig. 49127/ L
720 ConA Sepharose IAHEI STl 7ERD)N Y K785, F7z
Sephacryl S-30012 & A4 Tix 2 ANV FAZFR TR
HbNiz,

Z =

BEOARFRIC R T 2 RMEBRGEERICET 2 ®E I
L7253, Di Conza (1970) i3 catfish ( Tachysurus ausiralis)
POTHE, YT, EVEy PBLUL FRIERT RE
55 87 E%, ¥ 7zSpitzer er al. (1976) i Pacific
hagfish (Epzatretus stout) DAEFRAEHE S 5 b OF (Rh-)
FRMIREEET DS VS Ex T Tl L7z, £72,
Kamiya and Shimizu (1980) i windowpane flounder
(Lophopsetta muculata) 7> 5 7 ¥ ¥ B X O~ 7 ARIMER%
BETDLY NI BERBR LI, 40, 7ERHE»S
TR & N7z M BREREE 15 1 13 catfish ( Tachysurus australis)
%> windowpane flounder (Lophopsetta muculaia) & FHRIZ
T FIRMIRIT U CEVEREREE R LAY, e,
TIVEy FBITe MRIMERZEE Lzd o7,

PREEREE P DRI EREEEE SR 1L ConA Sepharose 12 L
T 0.05M «-methyl-p-mannoside TAH Y 5 H 4 &,

ConA Sepharose IZWE L7 WEGIZH T biiz, —#IC
BEELiza i35y Y ACEET BHES v /S 7 Hid 2
FAEOBERIEH D LV IE~ v ) — A BIEHEEZ b0 L
ENTWv 5 (Ogata ez al.: 1976, Kurusius et al.: 1976),
T L DEFEFEHLD ConA Sepharose W 7% H 45~ 1% o -methyl-
D-mannoside CTIEMT5 2 &h b, By / —ATOHEH
EEUWES VS0 ETHA ) LEEEIND,

© ConA Sepharose W& 3, p-%5F %7 F— R, L-F A&
J=ABLVD-7 3= LTUIRWEFAIMEZ TR L7,
2512, TS % Sephacryl S-300T4H L 7z i VL 5
I, p- 727 b—R, L-FL /) —ABLUPp-7a3—RIC
i U CHERWEAMEEZR LA, p-v v /- AB L UD-7
W7 b= 2 AL, ConA Sepharose ¥ HH %
DENRIPET L7z &I, D-7 V27 b= ZICHT 5
BRI AR F % ConA Sepharose T4 L 72354
IR EALBRT L2570 DD, Sephacryl S-30012
LB GEANEAFEPET T I - TEHFICHEMMESET L
720 RFHGUW B, ConA Sepharose v HiTH 4 8 X O°
Sephacryl S-300{F M H 4 DOFRMEREEZ T VWb 8
LTD-FF77 b—RA, L-FL/—ZABLUD-7I2— R
W LTHWENMEEZ R LY, 2-FFF -5 7 b—2
BELON-TEXFNV-D-7F 7 b3 xS 5 EMMEE
RO LNz o7z, REMEHEORMIKEERICBITS
W& DB OV CEEMNICHET L2385 134 2 v,
Kamiya and Shimizu (1980) (&, windowpane flounder
(Lophopsetta muculata) H HAEE S N2 RIMEREREFZIZ N
-acetylneuraminic acid T#E4E % [H1E E L7295, p-v ¥
J=R, L-73—=X, N-TEFNV-p-F Va4 3IrB&
UN-TEFN-p-777 b3 v TIEREETHIES NS
WZEEHLPIIL, D-v ) = ARK LT, Ttk
FAR DI R R MR LT LB E R L7245, win-
dowpane flounder (Lophopsesta muculata) T HEAMEE R
SRV EPL, INLORMBRBEROERIZIELSD
DEEZ LIS,

LD MFE LI ERORMERELETZ BT D5 L OFM
EIZOWTW L ODPDHENHR L NG, MLFEHSRIRMIRE
ERIZDOWTIE, Channa punciatus (¥ 47~ FT a 7B
D 1) OMEFIC, © PABLTABEFRMER, 5 v b,
T R bTENE y FRIEKIC 2D A 4 » OFE
TTHWEEEEELRL, Gal(f1-3)GalNAcIHd 3
BHESE L 75 VAFET % £\ 9 Manihar and Das
(1990) 12 & 8, JIHRORMIREER ICOWTIE, 7
F v v R (brown trout; Salmo truita) B X U Pacific
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herring (=3 ¥ @ 1 ¥ ; Clupea harengus) DYIHIZ, & b
BREIRMEKFBEEL, L-F5/—RED-FTF 27 b= RIZ
BN 2 O BRERIHFAT 5 L) Anstee e al (1973)
DWENH B, 2 DIF D, black seabream (Spondyliosoma
cantharus) DYPF S5 v P BEGRIMEZEEL, -7 &
J—Arap-AT7 MY PRI TRELXHEEND L
2 F ~ (Rogers: 1978) %, chinook salmon (¥ 2 / A 7 ;
Oncorhynchus tshawytscha) DIV H» 5 b b BEFRMER B
KO FRMERITS U CEENTEZRL, L-F4/ —X
ED-H T b= A X o THREPHIEEN ALY F ¥
(Voss et al.: 1978), chum salmon (3 % ; Oncorhynchus
keta) JI7» & 7 FHRMBRICH L CEBEFEELRL, L-T
L) =2 L5 TEBRENSHIEENS L 2 F ~ (Kamiya e
al.: 1990), 7 < I (Oncorhyncus rhodurus) DI & 7 3
F, 7y PBIOe FBEFRMKEZEEL, L-T74 7 — X,
D-WF 7 b—R, p-=bBT 2= —a-D-HF 7+
FBLURAYEA =R L > TRESHIEENE L F ¥
(Ozaki et al.: 1983) BN T W5, TNHDIIEED L
JFIREBEALICEBLCL- L/ - RED-TT Y
b= 2023 LM RO 2 LA TH 5, 4,
T AR A H A AFHE S N RMIRGEER I p-T T
M=, L-F A/ —=ABLVD-7 32— AT LTHA
HERLEZZ DS, RBROEEOL 75 Lidp-7F
S b—REL-F L —ZADHEAMEIBTEHSMIE
PIFBb00, D-7I-ATFTHENEREL, 2O
£, HREMEHERRIIREER IINEKDZN L,
D-HT 7 h=REL-F 4/ — AT 2HAEATLET
HIEdb, MOoWICENLEErROLELOLND,
L2 L, p-73— AICHT 5 B IZEERIEICD A
LNEMETHD I LD, REERIIINERLIZELD
FERHRFEOBEE > TV 2O TREVPLERES
NBh, LA L%, Sephacryl S-300C4H L 7P
TOBRRKBANICL o T2RONY FoRIH &N Z &
o, INLHP2EEORMBKEERTHLOH, HHW
131 BEORMIKGEERDIINICAFADFBALTRDED
PIRHAL NPTV,

— IS, VLo FriEEs s3I SET LS
YINTBHDNIES N BR VI, FOEILEE
HHWIEAY THEICL > CTHESN, 2 2EUEOHES
HESEDHMLE D LEREIN TS (KR 11985), 4
[0 7 2 DEFAE D O A RBE S N RMERGEER LY 5
FIRMBKZEE L, ConA Sepharose CEETLE~< >V /
—ABOBEREEECHES VNI ET, oo F 57 =A%

E3BEOEBIREN L BNERZRT I EPH, VI T
VTHLEEEENEEZEZ bND, RETHE SINLR
MEREEEFE D 9 H ConA Sepharose WA 1%, 3.2 TH
H &7z V. anguillarum O LPS & B WEAME 2 FOE 5
(ConA Sepharose WEE ) & —HKTH & hb, FYE
1% Di Conza (1970) %° Spitzer et al (1976) S LTV 5
£ 918, V. anguillorum D X ) BRBAL L) LT AHFE
BrRETLHHZ 2R o TVHDTIEE WA LHESEINS.
1%, ARMIRBEREZBELCL 2 F U THLIPEI D
FHOLMICTH L LB, ARBEETF L L TOREREICD
WTE HICFEHIICRET S A REDTH 5o

B =

1. 72EEREICBT ARMFEEROFELHAL
129 57012, FERMERICHTT 5 7 AR OLER
WEBRE Lz ZOMKRE, 72AEFRMEIEY I FRnzk:
BETHY, YV, TVEy PBLUL PRILEKE SE
LaWZ eSO L L o7,

2. EERHBEORMERGEEEM X, ConA Sepharose IZ
RET HEGB L UIEREES DOWITIZEED b7z,
ConA Sepharose & | 43 % & © I Sephacryl S-300T %"
NAHBET- T, ROFKEEFEELHBER L, AETIE
BRRKETIE 2RO/ FEER Lz, AESGOFRMEKEE
HERED- T P =R, L-TA ) —ABLUD-7a—
ZNCHAEER O EPHL N E 2 5720,

BITE ¥ &

ARG, T IOEFMIEIC BT BEAGHEED S b,
TR D% B A AR RS & IR 2R AP ERE IO v
THRAEMICKBALZSDTH 5, HFENEREHEREICD
WTIE, E7VARISATET 7 F v oF8EE 77 F
BT X o TRHE S NABERIGRF OPMHICED RGP
WA 7= X258 X UHEOEEIRICOVWTER L, 372,
JERF R AR IC oW T, BEHERTRDY VT —
ABLURMBRBEZRDOGIEL ZOMWREHL LI L,

FB1ETE, T2OET)AHROEREOHREL, €7
U RIS BB 5 & IS TR S DB ORI
DWTERIE LT, AFRMEIC BT 2 R0 s 5
ERETHLLEDIC, TR 20b S TAEOERERE
2B B BGEFHEEEIC O W T ORI ESEICE LWBIR
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e 5EX, FHEEFOTRLBRICOVTENT,

B2ETI, TZOETYARIHTE7 75 DRE
PHEEICHET 570 0BEREIZOWTRE LD,
T2 F Y DEMEICDCTHN, Z0RE, V. anguil-
larum \3IBG DFIET CORBEUDE L, T2 F VY HED
HIE D728 DI EEERIC1Z2,000 ppm DIEKICHAE 24
10%cells/ml & % 5 X H 1AM, ZHICHREA ® 205 &
KRGV ORET A HEFTELETHLI EEHL I LT,
COFEERNT, 72OV 7Y AHICHT B IEEET &
FYDEHEICOCTKRE L, V. anguillarum O 968 R
BEEBICEVCY Y %0.5% %5 X5 ITHEMLIAL
T IRNELT 7T U BBOTENTHHI L, ZDOBEX
R EDEBRIGANIERRT A E2HL2ICL
72

BI3ETI, BECTHMENEONE o EEET 2
F BT B REREDBARKICOWTRE L. 7,
TIOEMIZT 2 F BB LR E, BEFIIT s
TIEFE L-RICBI DBURHOERE L L L5, W
REDEFEFEX LT 7 F VRS X & ORIk ERE
ERLI-ZEDS, BEET T VICEAREREOEA
BEREIEELEBOMETH L EHRE L, 2¥IC, T2k
ANDHRBADEH DY & 7 BAFERE & HUE & M
HIZOWTHE 21T o720 Thbb, V. anguillarum B
ROLPS T4 FRMIKZBES -0, ZhICBERE

AR RN L C, il X bREmEEs

RIZDWTHE Lizo ZDRER, V. anguillarum Bk1Z
T AR L TEWEASZ R L2 25, 72
F UG L o THE R SMIOR I AE - SEs
DL, WEBTO~ 707 7=V EICE->TRYATA
BILIZEST, NEAEENFEINLLDEHEL,
5 4 ETIHAFRIIC BT RO WA 2 B3 5
72®IZ, BERE P COPUEDIELE L EFHE~DHED
BATRBR AN, BEEY 7 F v HEADEERIE D
BUMEESTREDOZN L ) A @D o 7225, MEF OV
WIEHBXDOZNEZRRA LN D572, 3T, ME
FOFEPERREF~NBTT 208 2 2RET -0
12, BEEY 75 CRELLTZOMERFHVCEET
IRRERE LD, NBBRIERZIT > TSEIRED
RERETL72E 25, 1ERBICHE LK TRy
RNEH SN2 o 7288, 24BFREITRICBE L7 & OTIZE
ODRBFEIRE A SN2 ZDZ EDE, PEASLIES
P ORFHENEB BT A ENEL LR, 2
DIZOIIZ2AGE 2 VB ETHZ EW ot T2, fhE

MR OPR L MBEFOPAEORR 2RI T 572012, &
BERE L7 2OME> SHAZERL, Zhiods s
U FHME AV CEZEY 7 F v 5 A ofEES
IOMEFOTEEBRHT S L & HITHR L7, FORE,
PRFREIE R OFARIGILE T DBEUR & A (b2 72 & TNC
RRFWICOE—TH Y, 5FEIZHIT T2-MEIZH L
TREREMEZ L DIgMS 4 TOBRETETH S 2 LS B
L o7,

5 ETIE, RSB B ISR EARIHEE S
ALPITT B0, HEFOBREWEIZOWTHRE L7,
T DRER, REMETITIE V. anguillarum 2 EHET 57
U757 —ECROWE & M lysodeikticus % VEE T 5
F— LBROWENFIEL, ThoFBRMICERLT, 7
IOBEEGHT CHEREEE R T I LRSI E o7,
DL, JIF—AIZOWTHEELTY, SEHI9.4
98D 2ODY A4 THRD LN, WTFHLFTTFENK
18,000CH o722 &5, TAVHAL LEHERLT,

6 ETIHE, FEMETORMBKEERICIOVTREE
Tolze ZOFER, KRFHIF ORMEEESE T 74 FkK
MEREFBELZDS, YT, TWEy bBLUE R
TRELLD 5T, RIMEREEZL, TV H I VAR
BAHEZIODDLHERMELRE LWL OO 2 BEICHHE
ENTze TV A FNY Y AICEAME R R ORMIKEER X
D-HF77 b—RA, L-TAL /) —ABLUp-7a— 2125 L
THAEZR L2 Ehs, LIFUBWETHLE
Hew L7z

waEs

— EGFEEBC O OVWTO—EE —

FFEICL 5T, 72OEEEICIRT 7 F KRS
Lo THFEENLYiEE S NICEERAEKNHET & LT
DIIF =, Vo F Y RPEDEEVHEL L % 572,
ZIT, IO OWEIEERERICB W OREMED DR
BISGLTED LS IERAT B DIConT, WEkkE: &
LRI T TERT 5,

BREOKROREEIRERRE T 5 &, hEHRI
R R L L CAEBBIHOBRE 2 Rzt Thbb,
—RICEBEORFIEIE S 7 VEBEEE Y » 8 B TR
ENTWABHD (Asakawa: 1983), ZOREY » /87 B 13 HES
PEIREEL, 7V ¥4 VIROMEER LB -
TWb720, BRREOT 7 55— EREIZL 5 TH 5 -
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EaFbans 2 &idZavy (Nakagawa e al.: 1988), %72,
ST VBROFEIRESRERICL 5B EZTITLLT
WHZEBHESNTVE, SO Ehb, HRERKIKIIT
B DOREMEY OEAT HERICENEELRL, R
HEE N T — & LTEENHHEEZTT EEL LN,
7o, ZOBBEMITIABHETE LT, V2T oY
Hrd b, FRFREEHHRATFLLTOL Y FVIFEITH
WRICHFELT, BETIHREMELEREL, Thaihil
LB, BHAEICHRTHEEZOND, D&
D RAEWE LRER & OBREW PRI A HRNEe b
FLEICBWTHREDOONDE (I AR 1977, TDEHI
LT, 9 HSiIREEm I B 5 Bt 0
BEBEL LT, 850100, WICEESNAHHIC L 2EED
SEBEKRFAOYEREIC L o TEEZHEL T3,

LAL, MAEWICE - THER/NY 7T —ThoIRD,
MINRPBUC L ARG R L0k o THEEL, BEEHARE
VERLTREMB L2540 5, PIz X, #HE
(1965) 1344 ) "R T D FEMNE % B L CQEEADEE
TRENE Vibriosp. K-3Hx BHICBMA L TRREETH
Y, F7-Saito er al. (1964) 12 =T v 2 & FRICHLE LT
V. anguillarum % BEEETW5E, ZD X ) ZAMEITH
LT, REIIHEELKEICEE L RGBS ORERE D
118 & RIEME OWERBER 247 5 & MRS, {LERIBAE
BEBICL > TRHELIMED R T LEL OIS, &
lﬁl*ﬁ?ﬁ%’é NPk )V F— 2 b NIV 7 F Y ERIE DS
D LFEMERORE R TEEILND,

9, EEENGHEFTHLI VYV F—2R LI F VD
BALZRBERIERT 5, —#RICY VT — A EHETEE
2RO L ENTVAY, TNUSOEBFEIIF LTI
Bdroize LAL, EE, UVVF— Lk PESBEEMIK
(Klockars and Roberts: 1976) ¥ 7 @ 7 7 — ¥ (Thacore
and Willet: 1966) DEEFESZEEMICEDLZ L, 5
Wi VT — AL o TEEE NGB T » b Ofifla~
2077 —VICEosTHEGICEREENS Z & (Biggar and
Sturgess: 1977) BEEH E N TV 5B, Thbb, ) V/F—
LOEEEEE L CREEEEDSN, Eillia L O
BRPEAGEHICEEL2ESZ2HObNLEIONS, I
FAEORERRICB) 5 EEHEBREICHTEDD &,
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Summary
Defense Mechanism of Ayu Skin Mucus (Plecoglossus altivelis)

The external body surface of fish is covered with mucus, which is secreted from the goblet cell
in the epidermis. The mucus mainly consists of glycoprotein containing a large amount of sialic
acid. The functions of the mucus have been reported to be lubricantion, osmoregulation, mecha-
nical protection and chemical defense barrier. Thus, mucus on the body surface plays an impor-
tant role for fish to survive in the water environment. The chemical defense barrier, particularly,
is important as a first defense system to protect the fish from invasion of parasites in their habitat.

The purpose of this study is to elucidate the chemical factors in the body mucus of ayu, includ-
ing immunoglobulin of the specific defense system, and lysozyme and hemagglutinin of the non-
specific defense system. Spray vaccination, a newly developed method of spraying the vaccine
solution onto the body surface of fish to vaccinate a large mass of fish, was demonstrated to be
effective for controlling vibriosis of ayu. IgM type immunoglobulin was purified from the serum
and the body mucus of immunized ayu. Lysozyme was purified and the hemagglutinin was par-
tially purified from the skin mucus and then characterized.

Conditions of challenge procedure were determined for evaluating the vaccine efficacy by the
challenge test. The challenge procedure was to immerse the ayu in a live cell suspension of V.
anguillarum at a conceniration of about 10° cells/m! of pond water containing 0.2% NaCl for 20
min with aeration. Using this water-borne challenge procedure, the suitable vaccine solution for
spray vaccination was the formalin-killed culture of V. aﬁguz'llarum that had been incubated for 96h
at 25°C. The efficacy of this vaccine lasted for at least 16 weeks after vaccination.

The antigen uptake site of the body by spray vaccination was examined. Ayu that received
the vaccine on the body surface of the trunk, on the gill or on the whole body surface were chal-
lenged by the water-bone route. Percent mortality of the fish that received the vaccine on the
body surface of the trunk or on the gill were intermediate values between whole vaccinated fish
and non-vaccinated fish. These results suggested that the antigen can be taken up at both the
body surface of the trunk and the gill. But the first step for uptake of antigen was assumed that
the antigen would be held in the mucus layer on the body surface and the gill by affinity to the
mucus ; otherwise the antigen would be washed away. To examine the affinity of the mucus for
the antigen of V. anguillarum, the aggregated red blood cells of rabbits by lipopolysaccharide of V.
anguillarum were dissociated by the addition of serial dilution of body mucus. These results sug-
gested that LPS of V. anguillarum cells showed high affinity to the body mucus of ayu. There-
fore, the antigen of the vaccine can be held in the mucus by its high affinity to V. anguillarum cells
as the first step for uptake of the antigen.

Agglutinating antibody titers of serum and skin mucus were compared among fishes vaccin-
ated by the spray, injection or oral administration technique. The antibody titer in the skin mucus
of ayu vaccinated by the spray method was higher than that of the control, but no difference was
observed in serum antibody titers between them. The passive immunization test was carried out
using the serum of spray-vaccinated fish to reveal the possible secretory route of antigen from
blood to body mucus. Passively immunized fish that received the spray-vaccinated fish serum by
injection were artificially challenged at 1 h or 24 h after serum transfer. Efficacy of passive im-
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munization was found. in fish challenged 24 h after serum injection, but not found in the fish chal-
lenged 1 h after injection. These results suggested that a small amount of antibody, which was not
detectable by the bacterial agglutination method in the serum of spray-vaccinated fish, was actively
transferred in the skin mucus, and that the antibody was accumulated in the mucus within 24 h af-
ter passive immunization to provide protection for ayu against vibrio infection by the water-bone
route. Agglutinating antibodies were purified from serum and skin mucus of the hyper-immunized
ayu that were injected with vibrio cells emulsified with Freund’s complete adjuvant. The molecu-
lar weights of the purifed antibody of serum and mucus were about 900,000 and agglutinating activ-
ity was lost after treatment with 2-mercaptoethanol. Therefore, the antibody in the mucus was
thought to be identical with that in the serum and both were IgM type antibodies with high
molecular weights. Also, the antibody in the serum and mucus of spray-vaccinated fish was de-
tected by enzyme-linked immunosorbent assay (ELISA). The biochemical and immunological
characteristics of the antibody in the mucus were demonstrated to be identical with that in the
serum.

To clarify the non-specific defense system, the bacteriolytic activity was examined. The vib-
riolytic activity and the lysozyme activity were detected in the skin mucus of ayu. It was demon-
strated that these activities worked together at the relatively low temperature (15°C) of the ayu
habitat. Two types of lysozymes were purified from ayu mucus. The isoelectric points of each
type were approximately 9.4 and 9.8, with both molecular weights being 18,000, and these were
thought to be isozymes. Both lysozmes did not lyse vibrio cells.

Hemagglutinating activity was detected in the skin mucus of ayu. The hemagglutinin in the
skin mucus agglutinated the rabbit erythrocytes but not the red blood cells of humans, sheep and
guinea pigs. The hemagglutinin in the skin mucus was found to be of two types ; one had affinity
to concanavalin A (Con A) and the other did not. The hemagglutinin that had affinity to Con A
also showed affinity to D-galactose, L-rhamnose and p-fucose.

From the results of this research, antibody, vibriolytic substance, lysozymes and hemagglutinin
were found in the skin mucus of ayu. It is suggested that these factors can act together to protect

the fish from invasion of pathogenic bacteria in the environment.
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