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#*

1960 FERICIHEE ST ANTHEEAFEIZ L o T~ & A Pagrus major DEFEILTE B A% .0
CREICEEDY, 1997 FITITFERMAEERE 875 b IiTZE L (Kumai 2002) 725, [FIEFICEFE
L CIIERBELROETL, ARBEECIERIZIIZRBEIMEINDIZ LTk T,
BERAOBEMBELEL A REOERL L BITHELLEZERD 15T, 1970 FROD
# 5 (Hikida et al. 1979, HEAF-EHAK 197TDLK, BELCELIE T F A OBEHAEEICKE
REEEZEAMITITVD EFLERAOTF M BEEEICSO TR, AERIFOESICLD,
FEHCHRIF SN EROEHITMZ, 12~1 BICRIINs N2 RHIEERES, £/ 10~11
RICEHIINESNIUHAEERE Y, BEEEOFEIIAGOLEYE TAET LI LAAREICR -
7= (8T W[ 2005), TORBE, EREHNOLVNECHRETIEINTEEEHEEHIC
BT3B EMEECEH 2006b, Wakabayashi 2004) 1, ITEITKENSHME L TOMIZ
BEMICEEL, RITHPARIIELTWVWD LE XD, AERFKENEFTBEERSE T
Tb, PIFREERKDOE%D D 10%BARRKICL > TR, HEHIX 500 THATERIC
EzrtHbNnD, REBOEEL, 1985 FEHNLOEBAEERNSBICHEM LI T X
Paralichthys olivaceus (ff  2000b) (28T b #Hi4 S (Baxa et al. 1986, Baxa et al.
1987b), S HIZEDHRAVEA, FFT7 7, TVHTLRERERBDOOND LS ITo 1
(Bernerdet 1998, =& S 1975, Wakabayashi et al. 1986), £7-, AEFITUFTEAD
BERBARICBRES N TWEY, EFEZI—my X, =AYV T, TAVIREDR
AXEBLIOCA VS BAE»LOBDHREINTEY, HARETHESL E X TV 5 (Alsina
and Blanch 1993, Bernerdet et al. 1990, Bernerdet et al. 1994, Chen et al. 1995,
Handlinger et al. 1997, MacVicar and White 1979, Soltani et al. i994)0

JRIRNE Tenacibaculum maritimum (Suzuki et al. 2001)( syn. Flexibacter maritimus
Wakabayashi et al. 1986) 1358\ & 7 AL REEZFD, BRAITEORER I UX
B, KEOUVLARENR Y 27 572 ®(Alsina and Blanch 1993, Baxa et al. 1986,
Bernerdet 1998, fHF 2006b, HEAT-FEHH 1977, Wakabayashi 2004), iDMEIZ L 5
“WREGE DI FE S LT (Bernerdet 1998, MH 2006a, AFT-FEE 1983), & HITHESK
ELRDILEBZV, KRFOIBRIIEI=TNVAFLUBET M) VAR DEBBBD T
H#TH Y (Baxa et al. 1988, Bernerdet 1998, 43 1996, Tabone 1996), 2> > TiI~
FAXZKHLTHEEIN TV, LOELREFRAIFBAFE~OFERABELINTVWD
D (BEMAKESE 2006), AEICK L THEAFMRERERFBFELRY, REORLLTZO
MOMERORORENITONTVER, BFAIIEBHENAERETHY, FLBRATO
T maritimum I3 FEIZEKBE THIE L TV 5 (Baxa et al. 1987a)72 %, KR HIZ L BHE 2
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HRE . BIEV 7 F U0 X AIBEREED R

BRIIHFETERY, 20D, BRTIIEBIRAZEIY LT, NEBEEZTIT2%0
BB RLBIZLVEROBIHEZE S Z EREERMER L Z2oTWVWD, FLE I AZED
AVABREICBVWTREAED L ZA550g U TORICRY =T NVAFLUBET NI VLD
KWL D2BEPEARBIN TV DR EMAKESE 2006), K TIET TICEARICHT L6
AN2EMIZEEIE XN TE Y (Bernerdet 1998), BMZE LOBANLASEZRENTHMEM
HIEIZ 25 AREMERE WV, Z0 Lk, FFEEIEAOEATHELET Z L BRE S EKRKE
& 2006), RIEALERSZOBFERMTREROONSOH 2D &b, RRBEAOKEEFICH
BB LI 52B20, UER_TEX 512, iEANC K 2B EMBEEDOIREIIED T
REEICR->TVDZ 0D, AERBOMKIZIERNLTFHIIB > TV LERH DL LEX
bhd,

EFEKERV 7 FV3ITOBEERZE L TETRY, REARNTRIBEOY 7 F 9
ARBINTWD(EMKESR 2006), 77 2T ) AFCHBEEDKKFICRRI N DHRAED
BEMEETIE, EALCEES>TWRVWLDODORE(LY 7 F > OB BRI AT
bhTkBY, BEROBRICEDTH D Z L HNERMIZFEH & TV 5 (Baudin-Laurencin
1991, Fujihara and Nakatani 1971, Holt et al. 1993, {1 % & 1996, Moore et al. 1990,
Obachand Lorenzen 1994, Rahman et al. 2000), Z#iZxt L CHERDEEMEEIZE
TR F BT AEIX, UENTIEE A EfTbN T Wb o 7203 (Bernerdet 1998,
Wakabayashi 2004 iTIZ78 > THA~ U U RIECE K, L LPS, BN ERR EOES
BEICx T B MFPRZEIGE D EF N —/ 2 Dicentrarchus labrax (Salati et al. 2005)%°
ET7AGRS 2000 THRE SN, VI F UL DBBROARMER RIS N, ETAA
TIX ¥ —H v b Scophthalmus maximus \ZxXT BV 7 FUREAEIN, BFFARDLN
TV % A3 (Toranzo et al. 2005), BN DO EFERFERIIK T 27 7 F - OEMEICET 2H5E
TEETHD, LED>TENTEBAREROEELZITOIFABLINE 7 AT D
Uy FrOEREIT, KERBEIZL > THBOTEERRETHY, LERASEPLHHEIKR
Do TW5,

AR TIX, BERADBEMEEICHT IRV VARERTV 7 FUOERLEZ BN &
LT, UTORFZTo7, BL1HTIIMELZED 5 ETRAXRER, BEREIE IR
RIBEMBEED NSRBREERZHEENTH7-0C, BCCEREARHEZAVWEARR~DEREESL
e L7z, B 2 S TIX T maritimum O F ¥ R2 (Wakabayashi et al. 1986)

(=NCIMB2154, LLF R2) 2o L2V 7 F o OFMEDRHET, LT R2 LSty
BEEBEPOIERLEY 7 F U OB EZITo72, £28 3EH TIL, BAZBERIZOWVWTA
BB L DFEMEOHEEZIT L&, PEFORTEZITo T
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F1% BCGEARAEHZAWVWV-AABREEIORE

U7 FrOMREZHETDITIE, BREEDDWITASRBREEOETREZNRX & HE
THAUERDD, NARREEL LT, EHEGEDS 1981, A5H 5> 1981, Nakajima et
al. 1997, £ 1992a, & 1992b), & %\ IiXiR{EEE(Elliott and Shotts 1980, ##H ©
198172 ER—RINIITbh TWD, LA LARRLBEARDIEEMBEEICZIV TIXESNE
Tl 82372 < (Alsina and Blanch 1993, Péin and Emery 1993, Wakabayashi et al.
1984), REEBARREZESTRITNIE, EFRORIVPEETIIRNE IR TV
(Handlinger et al. 1997), L22L U7 F U OHRE2HET HHE, mWBHRERRD O
BT enb, WROFEZLDABBEITELEREENEL, €I THETIE, X
RBEMBEED AR RBRPLEZHBLT S5O, BCG H#REHAEH AW THERIZ T
maritimum Z#E L, BEMBEOCOHFR LA,

HEBIUHE

BE R
TBERFKENREFTAEERS CTEEIN-FEYLRK 156.0cm, FHRHE 55.2g D HF
A 50 BE#RAML LTHEM L,

i@
T0%MEBARKKEY A b7 7 —HEXEHM (LT MCA70) T 25°C, 24 BFfEiz&E L T
maritimum R2 Mt E & L THW,

BBRESLUAARE

200L AN T4 bk 4 BICHRALT I0RTHORAL, hREERK 3 XL LUXRBKX
1EZZNENHRE L, 22D LITHIC 500L BN T A hAE 1 BiCHRA % 30
RBNALBEKXE L, EREREKX TIX, R2 2 PBS 2B L~ HK\C BCG #EAE &t
(MREHAAE - —V—F 754, Fig. 1-1) OEMEEPER L%, #HRAAOE
FTREZ 1 BEHET DI Lo THRRICERE2ITo - (Fig. 1-2 UTRFZ U THHE),
HERBROBEIZZNEN 4.0X10° , 2.0X1010, 1.,5X1011 CFU/mL & L7, E£7=xR
X TIHLPBS 2RAHDHIETRAY v 7H#ERE L, BEX TIIMtH&A % 5.3X108 CFU/mL ®
BEBRBEKIC 20 YHBETEZLICE o TABRREITo, ABRBREOEANLL TH
BETIHIEETCAZRY EFk, SRETCAOEKKRBIMERE L%, MCAT0 2H
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JNEE : REY 7 F U L DIBEMERE DBk

WCREBES, AT, B D OME B R R AT,

Fig. 1-1. Injector designed for human Fig. 1-2. Stamp injection on body
BCG vaccination surface of red sea bream.

LS

ANBRBPEBORTROWHES % Fig. 1-3I12R Lz, AZ U THEEEZITo R BRX O RFHEE
TERT, AFHEE 4.0X10° CFU/mL THE L 72X TiX 40%, 2.0X1010 3 X T 1.5X 101
CFU/mL THEL7ZXKTIEE BIZ100% Th o, AEKESUY TRREE(ToT2E 2 A,
3 ODARF VTHERBRIIZENENANBRIZKH L THEENRD O, FLREBEXERXE
FUOM X OERAITIBEMEECEREES T, #HAOETIIRO LN RN T,

100

75

Mortality (%)
(4]
o

*—0—@
3 4 5

o ®
~ ®

Days after challenge
Fig. 1-3. Changes in the mortalities of red sea bream after stamp

challenge with 7! maritimum R2. m 4.0X10% 4 2.0X101, e 1.5
X 1011, o immersion, A control.
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WL RIKBIF R 13% (2013)

AL TEBEAT TN TOHARA
D BEFEBAAABRBIR O BE R S
(Fig. 1-4), BMEE FC 7 maritimum
ROWEEDZ T OREEPZHBIES
iz (Fig. 1-5), £ ABEE 1 B&IC
BT LTeRBIARD2 D T maritimum

AR ol M 3 . "
MORES T, L L7 BAFIRES & Fig. 1-4. Red sea bream infected by stamp
OF g2 513 T maritimum 13578 S challenge.
nixhol, 2k, EBRHMTOFY
AKiRIX 21.8CTH » 7z,

R

25 o TEBX TIIHRADOERICEHBR OB P EE S, 40~100%D LT A58
HoENTE, IHIWIZETHROEBENS T maritimum Do RES 1L, 18 EMEIE OGRS 0N

BENTz, LERSTRY Y FHBICL > THEMEEOBRRTETHS Z L BB
mEipols, IHILZIDDAZ UV THEEXKIZEBWT, KHEERE (4.0X10° CFU/mL) T
WBLIEAY THERRXOFETRIIA0%CE EEZoT, ELERARENSFVRRX TR
BT T 2HAPRBO N, CORRIHEBBROBEZHET DI L TRLEED
Y hE—IVRAETHD I EEREL
TW5, EFEHICLKsTHEB LS
A, BROF A -V LV RRICAE
HHEEX ERIZEDOFRTEPBED HNLD
Z &b H S5 M (Baxa et al. 1987a), A
EHBTIE PBS & B L o3t RXICIE
RO N roTe, LB ->TRA
2 TERPBAERICEZ DX A VIR
MECTEHHLDEEBEZLND,

F72, FRFCIToREBEEICLDK
BCIXBEMEEL BB T2 &1L T
XRpole, ~F A4 TRBAEMAEEILHEAKE 16~20CTHRET 5 Z L %\ (Donald
1981)Z & Avh, AEBROKIR 21.8CITEEMEEDOHHRBEL Y OPEN2TLEBEZDL
No, Eh~FABEAERE TRHREL & D ICHEERINRT 23, M CEHEKE

Fig. 1-5. T maritimum in smear of
surface lesion of infected red sea bream.
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IR - BEY 7 F 0 & BIBERERE OB

55.2g) ITBEREMEORERRIERA SNV A XLV KEPoLD, BEEICELD
BBEORMNPRETH oL WREEREV, ZOLIREFHTIZHELLT, KRERTIIR
FUTERBICL > TRRERIMIVFDIIENTEREI D, RAF U TEBITIBEEMEE
DANBRBREELE L TRBBEEIVLERLTWVWAZ LALLM oT, KEBOAFAREAEE
BRAOY A ZIHIC LI > TERDN, RZ U TEBEICIVIBEEMELE DO ALRLENE
FEEFARRL R, BRBIICRELCKBEFAETHLI DY, VIFUHRAED
HibT, WEHEORERALR CICELICHATRERFETH S,

KEBMES BENNEVWHAERY, AL > TRBREETHOAARBRENRIL TS L
o, UTOERTRIBEEICLIXBLHALL, FTHRABARROKER, BEETIEX
BRESCHAMSAT S THL LHUEINEBERXRZ VTEERA W,
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WL RZKBFER 135 (2013)

F28 REVIFUOENHOKRE

BEMBEIIRL REAKATREEL TSN, BERNTREEZABIRE 7 AR 5H
ENRKLEZTH S (HH 2006b, &FH 1996, /K¥F 2006, Wakabayashi 2004), & Z T
ARFRTIEIIND 2AFEEXNRL LT, BREVI/FUVICLD2BEMEEOHKRERAARI,

D FUBEREEELE L TERERELDEDTHD Z 13X <5 Ty % 4 (Nakanishi
1998, &E 1995), ME TIIARRICK T 2 RFTHNAEEIGERENTOETNL LML LIZb D
T D AREMENRR E L THE Y (Lobb and Clem 1981, Rombout et al. 1986), 43K & AT IZ &
g2 T maritimum OEE, RRICLVEBEERRZRIET 2 FEIIRNTH 5 &L HifF
ENb, £, KERPBITTHIHACBVOTRAEN/ NS WD, BEFEIHENT
2V, UEOBHENDL, RKFETIIRBEEZHEA L,

2-1 FKC-R2 ODE M DR

AETIE T maritimum OFE¥ERR R2 2 OER L 2 AELE A (LLT FKC-R2) Z#HE
D7F LT, NBBRLEFIAIZBIT2BEMEERE THHRELBRIT L, Mz
T, BHDEPFEOLNIV 7 FUEEZOBH, BIUEMAEDOHRIZOVWTHREFTL
7o EHICETZACBWVWTY FKC-R2 OFENEDOKRET 21T 72,

MEBELIVAE

#HE7IFY

UIFrOREL LT, 2001 FICHEEKRENDEERNFZKERRFTARERGICHE S
1, -80CTHBHEREINTWS T maritimum DEEKRR2 #EFH L7, KEXDER?B
Ty b 28 (312X241X35mm, 349X274X37mm) O/NEWVWHFEEM, KEWH
#ELLTEREDE THBJEE L ARITER L7 MCAT0 12, RiEAER#T 25C, 24
BrRATIE R LR E R 2 T8 Lz, 25°C, 48 REIREE Lok, BREMEZHI B2
WEIICEBLAYRD, WELEZATA FITATHRKZREED TRERINLEZ, ZOHEEF
i 1.5% <Y PBS % 10 fGBM%, #FAKRESFAF—CHRESF A AL TH—
BB SR E, 4C, 48 BREBEBE L CAELESE L, ZoFA <) U AELLERK
(FKC-R2) #¥HEEHTIZHRL, vVrFr &L THALE,
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e BEY 7 F U X DB EMEE DR

KR IFAET5EMEORE

HE R

MR FKRERRFTARERG CTEEINZFEHLERE 49cm, FHEKE 1.6gD~vF A
MR 120 B2ERAMA L LTHEMA L7,

BBERBIUDIF U EE

500L ARV 74 A 2 RITHEAAZ 0 ETHONAEL, VI/IFUr#ERKBIUHREK
WWENENRE L, V7 FU#REIL, #BKIZ FKC-R2 #8EE T 20pg/mL DR E T
BL., £RAZX 30 AMRET I ZLICL 2 TITo T,

ABRER

U FUoBER 1 BE%IC, MXENLZELNL 30 BT DI 1.6x107CFU/mL B8 L T
2.2x107CFU/mL ® 2 BRRED A FHRE TREX B 21T o7, BEIT MCAT0 T 25C, £ 24
R L7z R2 2 K@K ICBE L, A% 20 pMRBREL TiTo e, i AIXENE
N200L BN T4 PARIEBIZIREL, ABBREOEANL THHRE TR 12KFH I L IZET
AERY L, UToOXRICLVEDEREZEH L,

= FKC¥EERXDIETER
Ky ; “ % 1 1 0
AR =( FKCIERERXDIET-HR ) 0

IR TCAOEREBLERE L%, KEBRL, TR, BRI Y MCA70 LiIZHE DS
B2 T,

KB THABEVTHENRA/BONIETOEBORE

#HEA

MR FAKERRTAEERE CAEINZFYLE 8.8cm, FHHEKE 14.6g DX A
FefR 200 BEBRAA L LTHEA L,

BERBLUIIFUEE

200L BNV T A hkfE 4 RictAAE 50 ETOMAEL, v/ F U EE 3 BRKEK,
1 AR#REBK, 2 AMBERERX, BLIUHBRRICENETNRE L, V7 F o B8R,
¥EKIZ FKC-R2 # B EE T 20ug/mL ORETREBE L. A% 30 sHRET LI LTk
> TITolz, NARBRLYEXFARICERTES2L51C, RBERBRANGHERLTY I F
EREAEZRELL,
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133

FEBR T L FAARICEE L7 R2 28R /K T 1.1x108CFU/mL I & L, A% 20 M
RELL, ZERIRARCEDELZEHL, TR OVWTIIARRBHMOBEMBEREL T
maritimum O 53 BEZ R AT,

RER I THAIBTHEMEEHRORE
#HEA

TR FKEMEFTAIEERSG TEEINZFHEE 5.7cm, FHKE 25gD~vF A
MR 120 B2t L L THEM L,

BBREBLUDIFUERE

500L &ZE/X T A hkAl 4 HIZHRAMAZ B0 BT HOINAEL, V7 F o #EREITWE 1 EMAT
DA (LLF 1EFEEEX), 2  8MaOA (LT 2 BREFTEEX), 13880 2 @80
2B (LAF 2 BEEKX), BIUOHFEERE (UTHBR)D 4% EL Lz, FKC-R2 O#fEIX
ERIT LARICTo, BEAIIAABREZ2XERICERTEZ 2 L )10, HBARA D
LBWELTHRE LR,

135

KT L RRICHEE, ARLL R2 Z2EiE#EK T 2.4x10°CFU/mL 2B L, #RAz
200 MRELZ, ERILERCADERLZRELL, BEAIZ OV TIERBLOBEMBEE
2L T maritimum O 45382307,

KR IV ESABTEMNEO®KREH
VT B R ¥ K BERF SRR IR EBIP TAE SN PHAE 5.9cm, FHEE 2.3g 0L 7 A
A% 120 BHEA L,

HRBREBSLUIIFUERE

200LENYFA PAREEZHWTERII ERAKO 4 RRXEZREL, £430 BT R
REWNE L, V7 F U8, /K FKC-R2 2B EHE T 20pg/mL OEETRE L,
Az 30 pHRBRET L2 Z LICL > TITo 7,
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NEE : RIEV 7 F 1 L B EMEIE OB

ABRER

R2ICK D THEBCTII+FORFECERHFOLNR Lo/, 2003 F 6 AT EHERTAK
FEMRAAEEBRE CHEINLTWEE I A XYy T maritimum GF0609 (LA
T GF0609) & A& &I 72, GF0609 % £ 24 R EF 2 L, I8 ¥ /K T 4.5x107CFU/mL
W LB IC R AT 20 pRIRIE L, EBRI LRRICAZIEZHELL, TR
WCOWTIHARERBTOBEMBBEB L & T maritimum O 5 BEZ AT,

B\R

KB MBI AEMEOKRE

ANEBYPBOEHRROHEB % Fig. 2-1-1 BL W Fig. 2-1-2 rRLE, AHBEE
1.6x107CFU/mL TREXE L=/ — 7O RE&AEFER L, FKC-R2 #EKX 93.3%, %K
X 60.0%, AZHRIL83.3% Th o7z, 7z 2.2x107CFU/mL DAFEEE CHE L7V —
T ORKEAETREIX, FKC-R2 #HE X 83.3%, XX 53.3%, AE 64.3%ThoTz, AR

100
€ 80 F
(0]
T 60 [
S 40|
z
& 20
0 1 1 1 1 1 /]

0 1 2 3 4 5 6
Days after challenge

Fig. 2-1-1. Changes in the survival rates of red sea bream
immersion-vaccinated with FKC of 7T maritimum R2, after
immersion challenge with the bacterium 1.6 X 107 CFU/ml. e
vaccinated, A control.
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TR IKBFER 135 (201 3)

100

80

40

Survival rate (%)

20

0 1 [ [ 1 il 1
0 1 2 3 4 5 6

Days after challenge

Fig. 2-1-2. Changes in the survival rates of red sea bream
immersion-vaccinated with FKC of 7 maritimum R2, after
immersion challenge with the bacterium 2.2 X 107 CFU/ml. e
vaccinated, A control.

K¥E BB TR REZIT-TET A, 2D
DO FKC-R2EFEX D EEAZRRITZNE
NOSREIC L THEREICE» 72, JE
CRICIIEMBAERICA LEEOE AL X
DMEDRfE AR bz (Fig. 2-1-3),
KREBHERELIZHER, T3TORT
AT T maritimum BEDIREEF 245
RREENZHEBE SNz, WEH 24 ¥

Fig. 2-1-3. Red sea bream infected by
[RILANICSE T LI A O AR BE2 5 immersion challenge.

X T maritimum D53 BES L7253, 36 K
MUBICEC LEERALLEX T
maritimum (X578 X T, Vibrio BMEXDEESINT-, FFigE L OB 61X XTo
WA T T maritimum X 5BES N7 o 72, 2B, EREIF HOEHKIEZ 20.0CTH

277,

EBRI IF4MBVTHEHDRABONDIFETOBHOZEE
N&BEP B DERROWR % Fig. 2-1-4 1T L, REEBRIT 3 HEKLEKX 4%, 1
BRI KERX 56%, 2 BMZEKERX 76%, XX 0% T, 21X 3 HEKHEX 4.0%, 1
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TNEE : BIEY 7 F 02 X A G EMBERE O

100

80

60

40

Survival rate (%)

20

o 1t 2 3 4 5 6 7 8 9 10

Days after challenge

Fig. 2-1-4. Changes in the survival rates of red sea bream
immersion-vaccinated with FKC of 7 maritimum R2, after
immersion challenge with the bacterium. m vaccinated 3 days before
challenge, € vaccinated 1 week before challenge, e vaccinated 2
weeks before challenge, A control.

BEEBKERK 56.0%, 2 BEBEEKX 76.0%Th-o7=, BEKE % TRBELZITo- &
25, 1 ARBHEXS LIV 2 BRRKBEXOKRERRIIFRXIIH LTHERIZE,»-
oo ECRICHBMEHAERICAVEROEABS L MEORMRIRD bvic, REBT 2 HRE
LR, $_XTORTCAT T maritimum Bk DR EEE * T O5RBENLHBLE I N,
W% 24 BFRIUANICET LR AOGRRBEHN 51X T maritimum 3 58 S 7223,
36 FFE LARIZFE T L2 R A D 51X T maritimum (X0 BE S VT, Vibrio B 23 4y B <
N PR L OREN D IX T RXRTORT AT T maritimum 1IDBES N2 o7, 0B,
EBRBM T O FHKIEIZ 203CTH o7,

KR IFMB T2 EMRBEDNROKRH
NLBRBDOAEBREOHB % Fig. 2-1-5 1R Lz, 1 BRERTEEK 63.3%, 2 @R#IE
X 63.3%, 2 [E#EEX 76.7%, XX 10.0%, A#hEIiT 1 BEATEREKX 59.3%, 2 @M
AT X 59.3%, 2 E#EX 74.1% Th o7, AEKESU TRZREEXIToLEZ A, 17
MATHEEX, 2 AMfMS#EER S LV 2 BEERKICZENETNMBRICHT2HEEZNRED S
Nz, LL2RIFEEXE 250 1 AEBXKOBICEEEZIIRO bR o7z, LA
TEMEBERICAVROEELS I CEORMBEARO N, BREBBERE L KR, T
RTOFRCAT T maritimum ¥ROBEESHZ2 TORBEASEBEEI N, WEHE 24
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100

H (=2 (o]
o o o

Survival rate (%)

N
o

o

0 1 2 3 4 5 6 7

Days after challenge

Fig. 2-1-5. Changes in the survival rates of once- and twice-
vaccinated red sea bream, after challenge. m once- vaccinated 1
week before challenge, € once- vaccinated 2 weeks before
challenge, e twice- vaccinated 1 week and 2 weeks before
challenge, A control.

REFILINIZEE L e i RA D KRR B2 01X T maritimum 35BS 7273, 36 RefE L&
T LR AD BT T maritimum 1355BES 0T, Vibrio BMER B v, FFIE
BIUOBRB»OIZTXTORCAT T maritimum \InBES e o T, 7od, EBRHR
HFOE¥KIRIX 20.0CTH - 7=,

EER IV ESACBITR2EMEO®EE

NBRBE%DEREOHB % Fig. 2-1-6 I - L7z, REAREIX 1 BREREX, 3 A%
BEXBIVU 7 FUrHEREXITVTIE 0%, 2 BMRKEK 16.7%, A21F1T 2 BME
WX 16.7%, 1 ARBRKBRXELV 3 ARKBRITL HIZ % THoz, ABKESKT
VREEToZEZA, RERREICAEZRIRD oz, BTAICIIEMRTHERIZ
AVROEEB L CEORMMRRD bz, AREBBERELZHER, T XTOETCAT
T maritimum ¥k DB EEB 2 T H2RBEANEHBE SN, WEHE 12 FHUNICETL
HRABDEEREY 51T T maritimum HB5yEES N7z A3, 24 FEREILIZICIET Lot A
D51E T maritimum (X558 ST, Vibrio BHIE B SBES LTz, IFiEE XL OBE» B
TRTCORCAT T maritimum IH5BESN20oT, 72¥, ERHIMESOEHKEZ
25.0°C T - 7z, |
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Fig. 2-1-6. Changes in the survival rates of Japanese flounder
immersion-vaccinated with FKC of 7! maritimum R2, after
immersion challenge with 7! maritimum GF0609. m vaccinated 3
days before challenge, € vaccinated 1 week before challenge, e
vaccinated 2 weeks before challenge, A control.

EE

A TIXBEMEIEICRN T D FHRIREZRFTT 2720, T maritimum R2 DRV~
U UREEEZHRE LERBEV 7 F L2~ F MBIV T ACERL, ABRETE
DEDEERE Uiz, B, B TIX 7 maritimum O N&RKREIIIENMENE S
TWIREE 2740 [T X o TABRBRYEZER L7, SHRE TiX 90%L EDOFETRMNR
bz, 2N 1.6X107~1.1X108 CFU/mL £ WO BRECHKICHAAZRBRE LD
EEzHND,

EBRITIX, &4 A1IZBWVWT FKC-R2 BIEIC K 2Bz R % E L7z, 1.6x107CFU/mL
BLU2.2x107CFU/mL @ 2 XD ABERE CRIBR B {To72& 25, ARFRITENT
1 83.3%, 64.3% Th o7c, EREFMHT THRIEN 60%ITHZRW\T 7 F I3 Rk 2
L, BARRIBWTTFHIRERE N STV S (Donald 1981)Z 026, HH=E
64.3% L ETH oo~ F A TIX, BEMEEICH LT FKCREV I FUNEDHTHBHZ &
DR S Tz,

ERIITIX, VI/FUEBRORBAROMBIZL2EELHRFT L, 2 BMBEREX
THZE 76.0%, 1 BRBKEX T 56.0%, 3 AFRHBX T 4%L oz, VI F U EfE%
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1B BICIIREOHRERNEN, VI F U EEND ABBRLE TOHMPRVARX TH
DEPEL RDIEAPBO LN, —BOKK~F A ORBEAEL IELKETL2E 1~
3em FTHBIN%, BEO/NE VAR WHL] Shad (ET-#M 2005), BEM
EAEN BT 2 DX FEICHE LEBER %MD 6cm BEICKET S ETTH D BEH-FH
1977) 2 &b, VIZF UL THREMBEZSRT 2720120, A< e L 18
METE T F U 2HEET D2 LREE LYY,

ERI T 2 A#EBEXEZREL, 1 HEEXBIUHRBX LLEET L2 LT, BNk
BROKRITEZITo 72, seabass ZHEAMA L LW E TIX T maritimum sV~ ) U Rig
EEARIZR 3 2 M P HAMIT 1 8 20 & D 128 5okt L 2 BIHEFE 15 B 512 f%
CHERT —AZ—HENRRH TV 5 (Salati et al. 2005), ABFFRIZEBWTH 2 BIHE
EXDOENEIIX 74.1% T, WTND 59.3% Thoz 1EEERIV bEVWEEIEGELNLE
Zemh, 2RI EDGBEBIZE S TEVEWVWHIRERRELND Z LRI N,

< XA DBREMEEICHTIREVFLOEDERALNE RoEDN, v X128
THMHEHLE#?P O KRS LR LIBEMBEESNKRT2EToOH,y AF, VI/IFropE
BERETDZEREFT LY., SBRREIBEYV 7 F LI mtoFkiifzBloNTT5
VERH D,

EBR IV TiX FKC-R2 OFRMEZ E F ARV T OB LA, <X A KD R2 Tk
DTHABTIE A RBEENBED RN ok, —FH bt 7 ARANLLEEIN GF0609
THEBLEELEE, REOFETEN 100%2 R L b, BEOEKIIRT =M
BREBIZL-TERZZBRFRINT, ARZ, A—ARAETH- THLHEKIZX > THEMK
NEREDZZLLHLNER-T, GF0609 I XA2KETIE, 2 BHBKBRIZBWTHA
2R 16.7% TH Y, FKC-R2IZ X 2 REBHEBRIBD TR 72, KED 12L& LTY
IJF VIRV REABRBRRIERALEEBER s TWEZ AR ZE®, RETIX
T AR THERLEYZF ORI ERE LT,
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INRE - BBV 7 F 1 L A IBEHTEE O %

2-2 FKC-R2 & FKC-GF O b8

1-1I2BWT, ¥ A TIEELTH -7~ FKC-R2 28 GF0609 TH®E L7-b T X TIXHES)
MHENRZED LN o T2 T1-, KEi T GF0609 THRIGE(I Y 7 F o Z/ER L (L F FKC-GF),
FKC-R2 L L bIZFDENIMEZ~FABLOE T AIZBWTHR LT,

LZESTSEN b

T RKFIKENZERF AIEERE CAESINT- LK 11.8cm, YK E 30.7g D~ F A
120 B, FH4LRK 18.7cm, FHAKE 63.6g Dt T A 120 B2 L7,

#HHEDIF
1-1 T L7 FKC-R2, B XUk 7 A H3EHE GF0609 % FKC-R2 & [AEkD HFiLk TRIE
b L7=HE#E (FKC-GF) ##tiUv & L7,

BRBERBLUDIFUERE

200L /N0 T A hkiE 6 HEicfilaEr 10 BT ONAL, 3 £% R2 WEBKX, 3 X%
GF0609 WEX & L7z, S HICHX4A 1 4% FKC-R2 #fEX, FKC-GF #H# KX, XUt
BRXICHE LT, V7 F U #ERITREEICL > TTY, BEREIXEEE T 20ug/mL, &
ERFEIE 20 43 & L7,

ABRER

FKC #% 10 A1, MCA70 T 25°C, % 24 it L, PBSICEE L7 R2 B L Y
GF0609 OB\ K % BCG #EAF CHAMMAKRICERE L -, R2 0BEREEIRORE X
~ X A IZTiX 2.2x101° CFU/mL, t 7 A TiX 6.6x101° CFU/mL, GF0609 ®RE L ~ &
A TiX 8.0x1010 CFU/mL, t J A Tit 6.1x1010 CFU/mL Th -7z, ALGBREOEAMNDL
THHRETH 12KBZLICETCATERY BF, A2 EE Lz, BTAICOWTIERRE
BEOBEMEB R, KRBT D MCAT0 LI T maritimum D55 BEZ R AT,
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RS

Sk
R2HEBXOABRROHLE % Fig. 2-2-1 128 LTz, & EK R 1T FKC-R2 #F X Tid 80%,
FKC-GF #H X Tl 40%, X Tk 20% Tdh - 7=, A2h#E 1L FKC-R2 #HEX TIiX 75%,
FKC-GF X TIX 26% Th o7z, AEKE SN TR2REL{To72& 25, FKC-R2 #2fd
X OJEARRIIMBXICH LTHERICE» 2T,

GF0609 WX DAERROHEK % Fig. 2-2-1 [ Lz, &E&AEEREIL FKC-R2 #HEKX

100

(=2 o]
o O

H
o

Survival rate (%)

N
o

o

0 1 2 3 4 5 6 7

Days after challenge

Fig. 2-2-1. Changes in the survival rate of immersion-vaccinated
red sea bream after challenge with R2 strain. ([0) Vaccinated with
FKC-R2, (A) vaccinated with FKC-GF, (O) control.

TIX 100%, FKC-GF #fEX TiX 100%,
XX TIE 0% THhoTz, ZOFEND
t Z A Bk GF0609 X~ & A 12k LT
EERFWI ERRINT,

T RTDOIET MO FHERINALITITES
KoBEPEK S (Fig. 2-2-2), {KkF
B 2R LR, T maritimum £
DREEHZTHEAELISHBLEIN
. EERTANSI T maritimum ¥t Fig. 2-2-2. Red sea bream infected by

. 3 R . stamp challenge.
DEESNT, RERE»OET Y A EM
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JNEE - BB D 7 F U K DR EMEE DBk

EADBESI Nz, 728, ERMMFOFEHKIEIZ 21.7CTH- T,

ES A
R2KEBEX DAEKRROHR % Fig. 2-2-3 128 L7z, R EAEFKRR T FKC-R2 B X TIX 80%,

100 N——DN—N—DN—D—D—A
= 80 |
2
360”
> 40 |
L
o 20 F
0 1 l‘ L 1 ]
0 1 2 3 4 5

Days after challenge

Fig. 2-2-3. Changeé in the survival rate of
immersion-vaccinated Japanese flounder after challenge
with R2 strain. ([O) Vaccinated with FKC-R2, (A)
vaccinated with FKC-GF, (O) control.

FKC-GF #fEX TiX 80%, XMX TIX 100%TH-o7c, ZTDI b~ & A Bk R2 1X
BT AR LTHEERFN LRI N,

GF0609 B X D AEKRRDOHEM % Fig. 2-2-4 [T~ Lz, HKAEERII FKC-R2EEKX T
1% 0%, FKC-GF #fX TIX 0%, xBXTiX10%TH -7,

100
80
60
40
20

0

Survival rate (%)

Days after challenge

Fig. 2-2-4 Changes in the survival rate of immersion-vaccinated
Japanese flounder after challenge with R2 strain. () Vaccinated
with FKC-R2, (A) vaccinated with FKC-GF, (O) control.
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BAKRE BN T2 REZITo720%, R2HERX, GF0609 HEX WFNIZEB W THHRERIX
MICBEBEZIBO LN o, EDIZ
DEZRITEE L TR,

FE T M O W EEFE AL IXTE B R 0 B
B S (Fig. 2-2-5), KEBTEZHR
WELEMR, TXTCOETAT T
maritimum ¥ROFEREZ T HEEE
B ERRLR SN, B G T Fig. 2-2-5. Japanese flounder infected
maritimum IS8 S T, KRELN D by stamp challenge.
7V A RMENBES N, vk, E
BREAR o D EEIKIRIE 18.9C Th o .

R

AIEiDOE 7 A1Zxt9 % GF0609 WETIX, WTFHORBRKIZBWTHHERIR 16.7%LL T
THY, BEGHEBEPBD N2 oz, RRD 1 2L LTU I FUICAWHKE (R2)
E NG L2 (GF0609) BB 72 > TWi Z L RgEb iz 72, AHi Tl FKC-R2,
FKC-GF MU 7 FrDENMEE~FABLIV L T ATENENRT Lz, XBIZITmARE
& HIiC R2 BEL N GF0609 @ 2 #hx AVWZ2Y, GF0609 THELIZ~F A BLUNR2 TK
BLZEt T ADAEKREL, MBXTH 80%LL L& RL7Z, ZDZ &ix R2 B X GF0609
DRRLIBERENFERNFZ2FOZEEFRBLTVS,

R2 THEBLEYFAIZBWVWTIX FKC-R2 #ERX THWAZE (75%) B"E5n, T
maritimum OERIIK T HRIET 7 F U O/EPHER I N, Lo L FKC-GF #ERX 0
BHRIZIELS (256%), R2 & GF0609 TIX U/ F U L LCOMBERELDLZ LRALNE
mole, ThITiT R2 B LU GF0609 DIFHREFDEVWAEEL TV D AREEREZE X b
%,

—J% FKC-R2, FKC-GF WO U7 Fick->TH, GF0609 DB L DET AD
WEMEELIH T2 LITTERDP oL, VI F UK ERERMEF T GF0609 TH > T
bHRITIAONT, e FATEHTFANLERY FKCREBEV I F ORI EHRT D L
DTERNPoE, ZOEHBELE LTI, S~V U CRIENR L T maritimum Dt T A~
DFHRANERIC L > TIMHHEMO ERARBDHNDZ &b (JES 2001), B 7 A TiX
EADHRER LB L THREDORFTRENR R+ Th D ATRERE X b b, FKC /&)
O ANBRYE COHM (10 BfE) BETERLRED, TROLE T ADRERENR~F A
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INEE : BEY 7 F Ui Lk BB EMERE DR

HRTERHATHDHZ L HELALND, HDWVIE, GF0609 DHFEREF X R2 IZH~TH
NV VK DZEEEZTRTVORBHNR,

AIETR K OERE DO NRBELARR TIE, WEMBEEOMAAREREZRL, KRB T
maritimum O RERBENSHBLEINTZICOLEOL LT, T maritimum % 5#h B2 5B
TERWVWERIRZSHR OGNz, BRRBHITIX T maritimum OMIZH %< OFEINBEIEL
TEY, 20%<1X T maritimum DFE % BRET 5 (Pazos et al. 1996), AEBRIZIB VT
LIERBEH D DBESN T Vibrio BME D T maritimum DEE ZHE L FREERE X
biIvd,
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2-3 BHASHERTHESRLI-FKC DL
BIEiTIXe Z A2 TIERLS, = FA1ICBWTbHe T ALBKEBARKY 7 F o OEE
BIEWVWZ ERRREINE, FITUIFUOERILICY = > TS EDOBFINSBERE D D
FKC Z{ERIL, ELIIRHFZITOMLERD D LEZX DN, A TIIHFI OB 14 R T
BRI L7- FKC 0 E&E2~Z A kXA L LTl L -,

MEBEIVHE

Bt

E:B
)

TR FARENEFTAEERECAEINTEZ~F A (YLK 5.4cm, EHKE 3.1g)
% 450 BEEA L 7=,

#gEDoFy

1990 £/ 5 2003 FEICFIFK LR O BFEGICB W TIREMBEEDEREZE LBFRAND
MCA70 LiZLHBtEh, 2 ue=—06AHB I OB, BEBESEICX > T 7T maritimum
CHGREINTEFAHERK I, 7 AHK 1K, T 77 HK 18 (Table 2-3-1) %
HR L7z, 1977 FEILERO~EZAFENO DI NT T maritimum O IR, R2 %
Mz 7= 14 BRIZDOWT, 2-1 D FKC-R2 LA CHFETHRERL, ATV I F L L,

Table 2-3-1. Strains of gliding bacteria used for vaccination.

No. Strain Date of isolation Host fish Location
1 R2 Jul. 30, 1977 Red sea bream Hiroshima
2 SM2202s Feb. 2, 2002 Red sea bream Shirahama
3 0OM2203 Mar. 23, 2002 Red sea bream Kushimoto
4 SM2325 Mar. 25, 2002 Red sea bream Shirahama
5 SM3322¢c Mar. 22, 2003 Red sea bream Shirahama
6 OM3510 May 10, 2003 Red sea bream Kushimoto
7 GF0609 Jun. 9, 2003 Japanese flounder Shirahama
8 SUT3523 May 23, 2003 Tiger puffer Susami
9 MC9210 Mar. 25, 1992 Red sea bream Shirahama

10 MC9226 Jun. 1, 1992 Red sea bream Shirahama

11 MC9227 Jun. 1, 1992 Red sea bream Shirahama

12 MG9112 Apr. 19, 1992 Red sea bream Shirahama

13 MK9035 Jun. 6, 1990 Red sea bream Shirahama

14 SM2202n Feb. 2, 2002 Red sea bream Shirahama
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DNRE : BIEY 7 F I &k D IEEMBEE DK

HBERELLUDIFOOHRE

200L &% F A hkiE 156 ZictR AL 30 BT OINA L7z, 14 £% FKC #HEK, 1
ErdBEICRE L, FKCHERIIREEIC L > TITY, REREITEEE T 20pg/mL,
RERMIZ305 L Lk,

AR

FKC#f&2b 2 A% IC MCA70 T 25°C, K 24 Kefi 35 & L7z R2 %, IEi@ K T 4.6x107
CFUmL IZEE L, A% 20 pMEBEELZ, ABBELEOFALS 10 AHE TKH 12 K
MO ICHRCAZRY B, APHREFEHLEZ, TRECARICO VD TRERBHOBEMSE
BIE®%, KEEL, BB IO 5 MCA70 L2 T maritimum O 55BEE R AT,

BR

NERBRBORBKEBRER I OEEE Table 2-3-2 128 Lz, FKC #REX ORKAERE
FIX 0~90%, BHEIXT—3.4~89.7%¢ 2V, HAKHE THEDIMIIRERIILSDENRDL
Nz, EEKES% TRREEZIT-oZEZ A, TK (R2, SM2202s, OM2203, SM2325,
SM3322c, OM3510, SUT3523, MC9210) DABERRIIMBRICH L THEILE» 2T,
FFIZ SM2202s, SM3322c, OM3510 ® 3 K TIiX 60% A EOFMENRF LI, R2 THRE
L7zX% EElo7z, RRBHERELZHER, TXTORTCAT T maritimum HRDIFE

Table 2-3-2. Protection against R2 challenge by 14
types of FKCs in red sea bream.

. No. of Survival
Strain challenged fish X'c test rate (%) RPS (%)

R2 30 P<0.05 56.7 55.2
SM2202s 30 P<0.05 72.4 715
OM2203 28 P<0.05 46.4 446
SM2325 30 P<0.05 433 414
SM3322¢ 29 P<0.05 759 75.0
OM3510 30 P<0.05 90.0 89.7
GF0609 30 36.7 34.5
SUT3523 30 PL0.05 433 414
MC9210 29 20.0 17.2
MC9226 30 23.3 20.7
MC9227 30 0 -34
MG9112 30 3.3 0

MK9035 30 3.3 0

SM2202n 29 13.8 10.8
Control 30 3.3 =
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EBZTOREBEAVPZEBE SN, KER 24 FFHUNICELT L2l ADEREE
513 T maritimum B 57BES 723, 36 RFRILIRIZIET LR & 22613 T maritimum
TaBEES T, Vibrio BME DB I N, BB L UOBEILIXTATORTAT T
maritimum (I BES N R o7, 2B, ERFIMEF OFHKIEIX 19.6CTH o,

B

AETITEF B 18 B L O E %K R2 TERIL 72 FKC 2~ &M1& 5L, R2 0
ANBREEIIKT 2ROV TRF L, TORREERRP BRI L THERICE,N
572 DX 14 O FKCEERF TRKDOAL Tholz, WE, T maritimumZi¥ 3 BEO MIF
BIAHE I TV 5 (Avendafio-Herrera et al. 2004, Avendafio-Herrera et al. 2005), Ifi
BRILOBEMIIFAETHIN, REBRTOFIMOR L ERIAEREOEZRIZESD D
DTHDHAREMERZE 2 b b, SM2202s, SM3322c, OM3510 @ 3 KTiE, AZAKLEI
AVWHEERDTARELERLID bHALNIEVEDIEREOhZ, b 3HKIXTR2 &V
LEEOHHNREZFE o TWVWAAREERE X LD,

UEDZ U7 FrEZREDODITE, FRBIZBTHREAEKRDOZ A 7250 T
FAEZITV, BEL LTI R2UNDOKDO T 7 F U 2 ERTILERD D LB 5,
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IRE : BEY 7 F I X B IBEMBEIE DR

FIB HBAoMEHEOLR

EOM T AAIRBVWTR2ERDBEV ZFURADTHDL I EBHALN L oA,
598k GF0609 WHLFRAKM LU 7 F o0 R2KBIZH T HHEDRITIEI o7, S HITH
HSBERR ISR TU 7 F U 2R L THEBRLEZLE Z A, BRICL > TR2KBITH T 25
RIEKRERELOENRAONT, ZITEIHTIE, HASTHKOEEEZ ABRELEICL -
TFHEL, V7F v LTORMMELHET D LI, TNTNOROSEFHIRFEZIT

07"10
3-1 AARBPEICLIZIEHHEE

BASERERRE L LT~ A IR TE2ABREREZITY, BERIZIVKBEOFEERL
WEITo T,

HEBIUAE

#HEA
K FKEFRFTOERERE T 2003 FIZAE SN FEHELE 15.3cm, EHEKRE 57.0
gD~FA % 200 BEA LT,

B EH
2-3 THWE 14 k&% 20 k& FH /= (Table 3-1-1),

HBRREE _
200LERY H—HR XA hKE 20 ZIZHHAAE 10 ETHONEL, #HEE 20 kizznz
n1ETHOEY T,

ABRBR

MCA70 T 25°C, #J 24 BFf5E3# L, PBS T 4.5X108CFU /mL IZFHH L~ H BB K %
BCG H#EAEH CHRAKRIIERE L, ABREOFHENL THRETHN 24 ML
CRCARZERY B, ARBWERE Lz, ERBB P OFHKIERIL 15.5CTH o 72,
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Table 3-1-1. Strains of gliding bacteria used for infection.

VL RIKBFER

13%

(201 3)

Strain Date Fish host Location
1 R2 Jul. 30, 1977 Red sea bream Hiroshima
2 SM2202s Feb. 2, 2002 Red sea bream Shirahama
3 OM2203 Mar. 23, 2002 Red sea bream Oshima
4 SM2325 Mar. 25, 2002 Red sea bream Shirahama
5 SM3322v Mar. 22, 2003 Red sea bream Shirahama
6 SM3322¢ Mar. 22, 2003 Red sea bream Shirahama
7 SM3404 Apr. 4, 2003 Red sea bream Shirahama
8 SM3509 May 9, 2003 Red sea bream Shirahama
9 OM3510 May 10, 2003 Red sea bream Oshima
10 SUT3523 May 23, 2003 Tiger puffer Susami
11 GF0609 Jun. 9, 2003 Japanese flounder Shirahama
12 MC9210 Mar. 25, 1992 Red sea bream Shirahama
13 MC9226 Jun. 1, 1992 Red sea bream Shirahama
14 MC9227 Jun. 1, 1992 Red sea bream Shirahama
15 MG9111 Apr. 19, 1991 Red sea bream Shirahama
16 MG9112 Apr. 19, 1992 Red sea bream Shirahama
17 MK9004 Mar. 16, 1990 Red sea bream Shirahama
18 MK9035 Jun. 6, 1990 Red sea bream Shirahama
19 MS0427 Red sea bream Shirahama
20 SM2202n Feb. 2, 2002 Red sea bream Shirahama

HBRBLUSBE

ANERBRPEDOFER%Z Table 3-1-2 2L, XCADKKRABAHLEZRE LA, TT
@Etﬁf(‘%%n"[ﬂ@ﬁ)%wéﬂfco

~ XA HREK 18 Bk 9K T T0%LL EOBWETENEFE LN, Mo 9K TIEFELT A

RO ol, WEMBEDERZ TT~F A BRAPODBSNLZICLEDLLT <
A LTREEEZ R IR0 72RIZONTIE, BEROBREREIC 2 RAIZEGR L T

Wiz, BEDEHET TCOLREHEEZRET D, HHIVIIREFEFICHEESET LT WA
YOBENEX bR NEIRNTOLENRD S, £ hT 7 Fhkbk (SUT3523) K
Ki% 80%DIFETREZRLID, b T AHKK (GF0609) HEXIEL 20%I2& EEoT,
GF0609 IZFE 2 TE T AR L TIXBWEMREZ TR T I L BRHRINTVWEHDT, Z0fh
DERIZOVWTHRARBIZL > TREENERRDZZLEAELOND,

BIZBWVWTU I F U OREHEN 20.7% U T THo7eHKiE, AEHOKEARIIKSNTT
NTHLEE % Thol, TOILENLIFAIINTIHBHKRLBEKRTIE, WREFEB
JUORERENRERZ LEX DN, TZITINDLOEKICKH LT, LT CHEMROESE
HIRRET 21T > 72,
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Table 3-1-2. Result of experimental
infection of gliding bacteria.

. Dead Mortality

Strain (fish) (%)
1 R2 7 70
2 SM2202s 10 100
3 OM2203 9 90
4 SM2325 9 90
5 SM3322v 9 90
6 SM3322¢ 10 100
7 SM3404 8 80
8 SM3509 9 90
9 OM3510 9 90
10 SUT3523 8 80
11 GF0609 2 20
12 MC9210 0 0
13 MC9226 0 0
14 MC9227 0 0
15 MG9111 0 0
16 MG9112 0 0
17 MK9004 0 0
18 MK9035 0 0
19 MS0427 0 0
20 ~_SM2202n 0 0
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-2 HRERICLIZBRBEOHLR

B SBEERR I T maritimum BE¥ERR L XFEEB X OREREORRIHENLRBDO LN
T2, KETIZZEND 20 kMR 2 M EEE L,

MEBIUHE

B E%®
3-1 LR CREME 20 Bk2 AWV,

4 PR

HEYA b7 7 — AT (LN MCA) % EffEsgi & U Tlg/KERME (25, 30, 50, 75,
100%) B L UHESERME (0%, 3%) %, T 100%EKKEY A 7 7 — V5 & E
B E L TERBEE (5, 15, 25, 30, 37C) BXUHE pH (4~10) ZHE LK,

EEEMLETORE
kD) ZFkY—% (TSY) , BHI, BCP-D, CTA, vvar¥x—, F@EERBIVZND
I 3%NaCl ZHM Ll ECORF R LB L7,

B R R A A RE

B EDRKRRFARRICL - THEZRET DA 780 Y RAT A (NfFustt) &
FIALT, ZHOBE—RFRFAREEZLE L, MCAT0 THi¥EE LA EKEZ 100%
AT ¥k CHE% L 7= inoculating fluid (0.02% Gellan Gum, 0.03% Pluronic F-68) %
BL, 5 BORKBREVEEINT 96 X GN2 v 7 nFL— L (NAFmrHBl) o8
L, 24 AR R, BRCI - TEREIROV 2 VICHEBL TR EARLTWVWD Y oy
DIRFBIREZREB LT B L 2 RFBIRIT Table 3-2-2 |27~ L 7= 44 FEFHIZ, a-Cyclodextrin,
Glycogen, N-Acetyl-D-Glucosamine, Li-Arabinosse, D-Cellobiose, D-Fructose, L-Fucose,
D-Galactose, Gentiobiose, a-D-Glucose, m-Inositol, a-D-Lactose, Lactulose, Maltose,
D-Mannose, D-Melibiose, B-Methyl-D-Glucoside, D-Psicose, D-Raffinose, L-Rhamnose,
D-Sorbitol, Sucrose, D-Trehalose, Turanose, Xylitol, Cis-Aconitic Acid, Citric Acid,
D-Galactonic Acid Lactone, D-Galacturonic Acid, D-Gluconic Acid, D-Glucosaminic
Acid, D-Glucuronic Acid, p-Hydroxy Phenylacetic Acid, Itaconic Acid, Malonic Acid,

Quinic Acid, D-Saccharic Acid, Succinic Acid, Bromosuccinic Acid, Succinamic Acid,
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Glucuronamide, D-Alanine, D-Serine, D,L-Carnitine, y-Amino Butyric Acid, Inosine,
Phenyethyl-amine, Putrescine, D,L-a-Glycerol Phosphate, a-D-Glucose-1-Phosphate,
D-Glucose-6-Phosphate @ 51 fE % 55 L7725 95 FE TH 5,

B/R

S BPHNERBLIUVEEBER L TORE

Table 3-2-1 I[Z#E R & /R L7z, 25%#E7K MCA, 3%NaCl #¥il MCA, 5°C, 37°C, 3%NaCl
RMEBERICBVT, & HEBER, b7 7 7HREK, b7 2EREKO 118K (B
TERBREE) &~ 5 A BRBER IOKRORM (UTHERE) CEBTOENRBDONT,

BRI F A RE

Table 3-2-2 IZfERZR Lz, RISTE 2o 51 O RFIRITOWVWTIE, #HE L7 20
RS RTHFATE o, BEREONT N TOREKIFHE T RKERIZ 181, 55
BRBEONT R TOHEKPFIATERERD 18 MTholk, ZD 5 b Acetic Acid,
Formic Acid, a-Keto Butyric Acid, D,L-Lactic Acid, Propionic Acid, L-Alanyl-glycine,
L-Asparatic Acid, L-Glutamic Acid, Glycyl-L-Asparatic Acid, Glycyl-L-Glutamic Acid,
L-Ornithine, L-Threonine ® 12 f& XM TH@BICF|IHFIETH o 7o, BEKREE O L FH
" HE Td o 7= DX, D-Arabitol, a-Hydroxybutyric Acid, a-Keto Glutaric Acid, L-Proline,
L-Serine, 2-Aminoethanol ® 6 f&, 55 BB O A F| A A BE TH - 7= DX, Tween 80, a-Keto
Valeric Acid, Succinic Acid, L-Asparagine, Hydroxy-L-Proline, L-Leucine ® 6 & T&

27,

BER

B L BEME TS OMRICESRD bk, ABEEER TIIBERNII®RE
BRI L TRBARIBEERBIEN>T-, £/, B5FKEIEX NaCl oA Z M L7~ MCA
TREWETH Y, WAERMELEN 72 Lh b, NallhoA F 1okt 5 ER K
WEEXBND, TERREOFAEOLE TIX, BEKE, BEEMLLIC 18HEES
FIAT 52 ENTERD, FREECHATREZRERIL 12BE ChoT, ~ 1okt
LTHRWEBIE R L~ A A BRIME N5 7 V7 HE 1BRIZ, <& 1 BRSEEHEE O 1k L
HEL DRBAFETER> TV, EFAREKD 1HRIT~ # A 10k LTIRIEVEM L s
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13%

(2013)

LR ->Te T AHEFE

Table 3-2-1. Physiological characteristics of 20 7enacibaculum strains.

O
Red sea bream ) § é -?C;’ Red sea bream
(High virulent) - 2|83 (Low virulent)

S=
Sggsddzzs2|8|esleggsozeg 8
S398:2238B[E|(82885588 2 8
N =S 2 3 5 35S 35S S =S|lo|lz|o 00 0 U0 X X o s
X u O O v »n N v Ol n |3 |l= = = = =2 =2 = =2 0

Growth in
Seawater(%)
25 + o+ o+ o+ o+ o+ o+ o+ o+
30 + + + + + + + + + + + + + +
50 + + o+ o+ o+ o+ o+ o+ |+ |+ o+ o+ o+ o+ o+ o+ o+ o+
75 + o+ o+ o+ o+ o+ o+ o+ o+ o+ |+ o+ o+ o+ o+ o+ o+ o+ o+
100 + 0+ o+ o+ o+ o+ o+ o+ ]+ o+ o+ o+ o+ o+ o+
NaCl (%)
0
3 + o+ o+ o+ o+ o+ o+ o+ o+
pH
4
5
6 + o+ o+ o+ o+ o+ o+ o+ o+ o+ |+ o+ o+ o+ o+ o+ o+ o+ o+
8 + + + + + o+ o+ o+ +H| + |+ o+ o+ o+ o+ o+ 4+ o+
9 + 0+ o+ o+ o+ o+ o+ o+ +| o+ |+ o+ o+ o+ o+ o+ o+ o+
10
Temperature
5 + o+ + o+ o+ o+ o+ o+
15 + + + o+ o+ o+ o+ o+ o+ + |+ |+ + o+ o+ o+ o+ o+ o+ o+
25 + 0+ o+ o+ o+ o+ o+ o+ |+ o+ o+ o+ o+ o+ o+ o+ 4+
30 + + o+ o+ o+ o+ o+ o+ +| + |+ ]+ o+ o+ o+ o+ o+ o+ o+ o+
37 + o+ o+ o+ o+ o+ o+ o+ o+
Growth on
Nutrient Agar
3%NaCl Nutrient Agar + + + * +* 4 & % #*

BCP-D Agar

3%NaCl BCP-D Agar
CTA Agar

3%NaCl CTA Agar

TSA

3%NaCl TSA

BHI Agar

3%NaCl BHI Agar
MacConkey Agar

3%NaCl MacConkey Agar
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Table 3-2-2. The ability of 20 Tenacibaculum strains to use carbon source.

(]
Red sea bream géﬁ ‘é Red sea bream
(High virulent) - 38 3 (Low virulent)
S
‘FEEEEFELIEEE TR E T R R
I 33 3 3 3 8 2|21g18 8 8 3228 8 39
N =S 2 S S S S S =20zl O O U U X X @ S
r o O v »u »w »u » oln|lol=s = = = = = = = &b
Dextrin 3+
Tween 40 + + + + o+ o+ o+ +
Tween 80 + O+ o+ o+ o+ o+ o+ o+ o+
A-Acetyl-D—Galactosamine + + r + »
Adonitol + + | +
D-Arabitol + 0+ + o+ o+ o+ o+ o+ o+ |+ |+ +
i—Erythritol %
D-Mannitol +
Pyruvic Acid Methyl Ester + + + o+ o+ o+ +
Succinic Acid Mono—Methyl-Ester +  # 4
Acetic Acid + + + + o+ o+ o+ o+ |+ A+ o+ o+ o+ o+ o+ o+ o+ o+
Formic Acid + + + 4+ + o+ o+ o+ + |+ +H]+ + o+ o+ o+ o+ o+ o+ o+
a—Hydroxybutyric Acid + + + + o+ o+ o+ o+ o+ | +|+
B-Hydroxybutyric Acid + + + s
y—Hydroxybutyric Acis + + | + + o+ o+ o+ o+ o+
o—Keto Butyric Acid + 0+ 4+ + o+ o+ 4+ o+ |+ o+ o+ o+ 2+ o+ o+ o+
a—Keto Glutaric Acid + + + + o+ + o+ o+ o+ | +|+
a—Keto Valeric Acid 2 A B G & e B
D,L-Lactic Acid + + 4+ 4+ + + o+ o+ |+ |+ o+ + o+ o+ o+ o+ o+ o+
Propionic Acid + + + + o+ o+ + o+ |+ +H]+F o+ o+ o+ o+ o+ o+ o+
Succinic Acid & 4 & B 4 & b 4 §
L-Alaninamide +
L—-Alanine +
L-Alanyl-glycine + 4+ + + o+ + o+ o+ + |+ +]+ + O+ o+ o+ o+ o+ o+ o+
L-Asparagine + + + 0+ o+ o+ o+ o+ o+ o+ o+
L-Asparatic Acid + + + o+ o+ o+ o+ o+ + |+ +H]+ o+ o+ o+ o+ o+ o+ o+ o+
L-Glutamic Acid + 4+ + o+ 4+ o+ o+ o+ |+ o+ o+ o+ o+ o+ + o+ o+
Glycyl-L—Asparatic Acid + o+ + + o+ o+ o+ 4+ o+ |+ +]+ + o+ o+ o+ o+ o+ o+ o+
Glycel-L-Glutamic Acid + 0+ + + + o+ o+ o+ |+ +H]+ o+ o+ o+ o+ o+ o+ o+ o+
L-Histidine + + %] &
Hydroxy—L—Proline + # & # &£ * $ $ &
L-Leucine + O+ o+ o+ 4+ o+ o+ 4+
L-Ornithine + 0+ + o+ o+ o+ o+ o+ F ||+ o+ o+ o+ o+ o+ o+ o+ 4
L-Phenylalanine & @ 4
L-Proline + o+ o+ o+ o+ o+ o+ o+ |+ ++ o+ o+ o+ o+ o+ + o+
L-Pyroglutamic Acid + +
L-Serine + 4+ + o+ o+ o+ o+ o+ |+ o+ o+ o+ + o+ o+ o+
L-Threonine + + o+ o+ o+ o+ o+ o+ |+ H]F o+ o+ o+ o+ o+ o+ o+ 4+
Urocanic Acid + $
Uridine & & +
Thymidine + +
2-Aminoethanol + + 4+ + + o+ o+ o+ o+ |+ |+ 4
2,3-Butanediol + + + & + + # #
Glycerol 4 i
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3-3 SDS-PAGE %(C&kP2HEIV/NRVBOHE

A TIX SDS-PAGE HIC X 2 2HEF VX7 BO B EITo T2,

HEELUAE

HRAE®
3-1 tRIUCIEEME 20K Z AW,

SDS-PAGE %

EIEIZHEW 12%T7 7 U VT 2 RV E AW SDS-PAGE I X - T, 2FEZ )7
BxEFNVECHBE L, EKkEI%, CBBR-250 2 AR RABK THREL, EELELAY
ROAEIZ L » THEEKRZ LB LT,

BRBIUEER

SDS-PAGE O R % Fig. 3-3-11Z/R Lz, BEKRHED T maritimum R2 L1ZIEFE—O
NURRZ—=vEFRLE, 32 OREAFEAOKRL HOET, BEKE 11 %R T
maritimum LR —DOREHETHD I LBFREINTe, L LBEBREDO N R XF — 1358
BHRHELIIRR-oTRY, BEKHEDY T maritimum L HFETH 5 FReEN TR I N7,
ELBERE IKITITER—0F N7 Bk, RABEEZRLTEY, B—ORE#T
bdZ EWRENT,
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Low virulent strain

Tiger puffer
|Japanese flounder

Virulent strains

=

i

R2

SM2202s
SM2325
MS0427

Fig 3-3-1. Whole cell protein profiles of 20 Zenacibaculum strains
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3-4 DNA-DNA NA(TYHE A — 3> (2&5 DNA RO L&

3-3 TlX, v~ ¥ A HRKBEKOEEHE Y VXV BEMBEN T maritimum L3 KEER
STWDIENHALMNERY, FIETHZ Z AR TRINTZ, MESEF TIE 70%LU
+® DNA MEAMZTIHKEZRABELTIBOERDNESBOHLNLTND I E2DH
(Sfackebrandt and Goebel 1994), AF TIXEOER ZH 522 ¥ 572 ®IZ DNA-DNA
AT7VEAE—va X 2HKE O DNAMBEMEZRIE LT,

MHEBLUAE

H#HEAE®
3-1 LRICIEEME 20 5% Az,

DNA-DNA NATUYHAL€—3>

¥4 T VL= NA TV FALA =3 iKY DNAMBEMEZBIE L7, LK S 59 D
FECHY, 7=/ —N7uadV A XoTHEE DNA Zz#iH L, SE#HHKO DNA &
BTCTANATIVFARXRSHTZ, T2bbHERAE 20 KB L UCRMEMNRBE LT Vibrio
anguillarum VA-04(LLF VA-04) DFF 21 kD 1 K DNAZ~A 7 a1 — MNIEEL,
T maritimum E¥ERR R2, b 7 A B GF0609, ~ % A Hik55FEK MK035 (LT
MK9035), VA-04 D&t 4 trDIE DNA & Th TN RIG S ¥ 7z,

BRBIUEER

K 1= DNA I2xt9 2% DNA tfH[EH% Fig. 3-4-1~3-4-4 |Z/R L7z, R2 & LT GF0609
EIEBEKR L LGS, BEKRIIT XTHRM T0% ETh o722, 5BEKE OMEEBMSEIT
21.7~542%ThH o7z, £7, MKI035 ZiEHK L LIcHE, MEKRTIIMEFAME 23.3~
473% TH -1, FEKRTIE 722~94.T%Th o7z, £ L 3 BROFEFRKRIIKH L T
Vibrio anguillarum VA-04 I3\ 31 H 31.1%LL T & fBREME XKD o 72, 72 VA-04 Z1F %
e LBE, HEE 20 RITT N THRAM 49% LU T THh o 7z,

UEDRREND, HEKR2 28 Te~ & A BRBBEREE, b7 7/ BRMREK SUT3523
BX Ot 7 X B%EHELK GF0609 1% T maritimum (85 5 Z & BRI, —F, <
T A HKFERBEIITRXTR—FETHo7d, T maritimum LIIHNETHDHZ L BHL
M2 o7z, £ 72 Vibrio anguillarum \Zxt L TWTNOEK b ERIENENL o722 &b,
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Fig. 3-4-1. DNA relatedness with strain R2.
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Fig. 3-4-2. DNA relatedness with strain GF0609.
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Fig. 3-4-3. DNA relatedness with strain MK9035.
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Fig. 3-4-4. DNA relatedness with strain Vibrio anguillarum VA-04.
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3-5 16S rDNA S X &2 5| D L &

DNAMREMED LLBRIZ & > T T maritimum & U TR > TEEKBIC2 DORZ N
BENDILAALHIIR TR, v X A HRBEKROEL L TOMESITIITHATS S,
ZZTAETIIRER, BIUBHBEHE»D 1T OREKELRHE L, 16SrDNA OEER
¥ % fEe L7z,

HEELUEE

#HEE®
5-1 THWZ 20 5%k DN, REBELREEN D SM2202s, 59F:AkEEN H MK9035 2 F L Eft

KL L TEHL, #EEKRE L,

16S rDNA IE X &5 D 2 5%
BEREE D 16S rDNA 2 EIEICHEWVWPCRIZE > THE L7, PCRICAWET 54 ~v—
XA T D@D Th D,

27f-A(E.coli No.8~27) :AGAGTTTGATCATGGCTCAG
1492r-T(E.coli No.1513~1492) : TACGGTTACCTTGTTACGACTT

16S rDNA #1tE#%, CEQ8000 (Beckman Coulter) % F\ T EE S % fEs% L 7=,

T—AR—RLEDHE
figse L= ZEC 5 %2 DDBJ(DNA Data Bank of Japan) D7 — # X— X L th#s U, $HLIAD
Pl oBEEEEH LT,

HBRBIUEER

SM2202s T 444bp, MK9035 T 387bp D ARSI EHE T & 72, SM2202s D EE S
iz,
5" ~CGGCAGGCTTAACACATGCAAGTCGAGGGGTAACATTGTAGCTTGCTACAGATGACGACCGGCGCACGGGTGCGTAA
CGCGTAT-AGAATCTGCCTTCTACAGAGGGATAGCCTTTAGAAATGAAGATTAATACCTCATAATACTTTGGAGTGGCAT
CGTTTTAAAGTTAAAGATTTATCGGTAGAAGATGACTATGCGTCCTATTAGCTAGATGGTAAGGTAACGGCTTACCATGG
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CAACGATAGGTAGGGGTCCTGAGAGGGAGATCCCCCACACTGGTACTGAGACACGGACCAGA-CTCCTACGGGAGGCAGC
AGTGAGGAATATTGGGCAATGGAGGCAACTCTGACCCAGCCATGCCGCGTGCAGGAAGACTGCCCTATGGGTTGTAAACT
GCTTTTATACAGGAAGAAACGTACCTACGAGTAGGTATTTGACGGTACT-3'
Thol,

% 7= MK9035 D E B 51T
5" ~AACACATGCAAGTCGAGGGGTTAACAGGGAAAAGCTTGCTTTTTTGCTGACGACCGGCGAACGGGTGCGTAACGCGT
AT-AGAATCTGCCTTGTACAGGAGGATAGCCTTTAGAAATGAAGATTAATACTCCATAATGTTGAGAGATGGCATCATCT
TTTAATTAAAGATTTATCGGTACAAGATGACTATGCGTCCTATTAGCTAGATGGTAAGGTAACGGCTTACCATGGCAACG
CATAGGTAGGGGGTCTGAGAGGATTATCCCCCACACTGGT-ACTGAGACACGGACCAGA-CTCCTACGGGAGGCAGCAGT
GAGGAATATTGGTCAATGGAGGCAACTCTGAACCAGCCATGCCGCGTGCAGGAAGACTGCCCTATGGGTTGTA-3’
Thol,

fREECEBIIE, T—HX—R LD Tenacibaculum & DEEM DO EFEDEFIT — 4 %
HAWTHREBEZIER LR, SM2202s 1% 7. maritimum (ZFES TrE ORISR I
7= (Fig. 3-5-1) ., L 2L MK9035 1% Tenacibaculum BE L T&Z TH o= DD, [FfE
EEZDONLIBMOERIIRBO bR roTc, Lo T SM2202s i% 7. maritimum T
HDHZEDPEHERINZD, MKI035 1X Tenacibaculum BOFRETHDI EEZ LN D,
BEFN D Tenacibaculum BME SO EEMRZINE L, MKI035 &1~ ¥ A HKIFTEHK
HLFMICEET DL T, BLINVTOLEFHMNBLZHALONICTAILERD S,
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T ovolyticus EKD002T

— 7T aestuarii SMK-4T

T skagerrakense D30T

—— T Jutimaris TF-26T

— — T amylolyticum CIP 1072147

- T Iitoreum CL-TF13T

- MK9035

T. mesophilum CIP 1072157

SM2202s

|

[ T maritimum R2T

0.01

Fig. 3-5-1. Evolutionary relationships in Zenacibaculum based on 16S rDNA
sequence.
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i

KELEORERZ L > THBERADEREMEEICAEDRERFIIEALHRINA TS, *
ZEMERODIBEBREOFOBEV OHY, TNETORERZFLE LEEBENLLT
5 ~DEHNEEEIIRDO LN TWVWD, T LI, RAOEE, MHEEORED 2N
KERUV I FUIIAFEEMRZE L2205V, PLTOTHHIBZOEBELZHE L TE
TW3, EZCAMAETIIEBERDOBEMBEEOHKREZ B L LT, RRE T maritimum
MmbUZFUEERL, BENTRRVEELZZRTI TVITFIAMBIV L I ATEOHRE
BEt L7,

ET VI FUMBORBERE L L THERHNTERWVWHERMEOS 2 ABREREENLETH- -
7, BCGERABEHZAWELRZ U THELAMNITEHBEZRITT L, TORRE, 20
FHEFKEBRLREY A AOEBEZ T TICEEP OBVEERELZF > TREELZHILIED
NHZ s, WEMBEDOANBRREIEL LTHEECEDTHLZ EBRRINE, 5%IF
EMEEDOT 7 F LU OERIEEDDIZHTE->T, REPEZIEELFED 12k D L
Exbhd,

WIZ T maritimum O ¥R R2 TER LR~ U RiE{RD 7 F 2 FKC-R2 # AW
T HFADBEMEEDOHREZRAAT., REBETITo—EDERTIZ, FKC-R2 £ 1
BEZ»OZOFMERBD LN, L 1EMB LIV S 2EMBOFN, 1EERELY
b 2EEBO BB EMBEDHRICEN Th o7, UEDZ L2b, BEMBEEDIRIE
VI FURERELT LA TEINE, HHL 1 BERAANC 2 B LRET 5 Z & TR
FARECTHDEHIFIND, LNL2nbe T AZHRARAL LEERTIE, ABBREICAHN
TERRBR T 7 F TRV R2 ERR TV, +0RIRPFELNRPoT, D
EREZITTITo7 FKC-GF ZAWIEERTHE I AOBEMEELBRTHZ L1XT
Ehrol, TOREAELTRE I ABRFORERGRV I F U REERENEZEZOND
B, = FA LT A TIIREMBARICN T DREZERRER-> TV 2D, FARICH
THREMEORERFRELR o TWELAREMELH D, FREPCRGEOHEIZL-TH
N2V F U ORBELEDDMLERD D,

BADBRICOVWT A A ZAVTASRRIILDIEEZERLELEIA, BT AHK
BET TR, X AHARKOPFIZOHREEDOTVERLIBO b, 7EFHICHRITLE
MR A A HBHFXOHEFERIX T maritimum L IIRFETH D L BHER I,
Tenacibaculum BOFFETH 5 L WHE I NIz, BEKIIIE S FE T T maritimum &
RESh2BNRHY, DROVEEMEESREZED D LTRELRD 52, §&~SF
AHRBPBERICOVTII R VFMROEFRNEITO LI, BECEZDIEELEY
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MR T OLERD D,

UERBRART XS ICHEMBEEOCHREZENE L THEEZED TE R, V7 FUERLD
OIIHEARBREZEVIREL, RBPBOLNRITNIE R LRV, TR FEKEN T
AERERG P TIT o HBARRTIE, RBRUBHTOBEMEEDOHRENBE P72, A
SRR TERDoT, TEEALOLEDICRT 7 FUANEOREHBN S 2REXR
oD, vHEAICBWTIEWHEHLENPOKED LFAT2FEETO 1~3 » ARER K
TEHE2OREELY, ZOMOKIEL FRHABEOBERIIFEMIRFTTILERN DD, £E
G L > T, BROHEREZEZONDZ D, +RICHEEZITY, VI/FELTED
HEORBMNVKTY 7 F U R ERTAILERD D,

FROKRRBEIZINTWVDIHOD, XA IZH L TRRBREY 7 FVEALOBERN
HORBREN -T2 Bbd, BBIIATV 7 F oW TIIRHFHEL, BESHLERT
ERICAIT COREEZRBELTVD, BEONICITRAI L T~ & A OWFEMEREBR
WWRMNTHOND EHFEL TWD,
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Summary

The aim of this study is to control gliding bacterial disease of marine fish. For this
purpose, the following experiments were performed. In the first part of this article,
"stamp injection" using an injector designed for human BCG vaccination was examined
to establish highly-reproducible and efficient challenge method with the pathogen that
was necessary to evaluate effect of vaccination. In the next part, formalin-killed cells
(FKCs) were developed from the pathogen 70 maritimum, and their efficacies as
vaccines were examined in red sea bream Pagrus major and Japanese flounder
Paralichthys olivaceus. In the last part, the field isolates of Zenacibaculum from
diseased fish were studied comparatively by experimental infection and taxonomic

characterization.

Part 1. Development of artificial infection method with an injector designed for human BCG
vaccination

To establish highly-reproducible and efficient challenge infection with 7. maritimum,
stamp injection method was evaluated in red sea bream (55.2g in mean body weight).
Stamp injection was performed using an injector, consisting of a hollow plastic cylinder
with nine needles, designed for human BCG vaccination. The body surface of the
experimental fish was pressed with the cylinder of which the tip of the needles had
been soaked in the cell suspension of R2, the type strain of 7. maritimum, for a few
seconds. Stamp injection with three bacterial concentrations and immersion challenge
(5.3 108 CFU/mL, 20 min) were compared by cumulative mortality during 7 days after
challenge. Control fish were stamp injected with PBS. As a result, the mortality of fish
which received stamp injection with 4.0 X 109CFU/mL, 2.0 X101 CFU/mL and 1.5 X 1011
CFU/mL were 40, 100 and 100%, respectively. But no fish was killed by immersion
challenge and stamp injection with PBS. Ulcerative lesion was observed on the
stamped sites of all the dead fish, and 7. maritimum was recovered from the affected
areas of fish died on day 1 post infection. These results indicate that stamp injection

method can be utilized for artificial infection of 7! maritimum.

Part 2. Examinations of immersion—vaccination

2—-1 Efficacies of FKC-R2
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Experiment 1. Evaluation of the efficacy of FKC—R2 in red sea bream

The efficacy of immersion-vaccination of the formalin killed cells prepared from R2
(FKC-R2) against gliding bacterial disease in red sea bream (1.6g) was examined.
FKC was prepared from bacterial cells grown on modified Cytophaga agar medium
containing 70% sea water for 24h at 25°C by inactivating with 1.5% (v/v)
formalin-PBS for 24h at 4°C. The experimental design was consisted of two groups.
Each group had 60 fish, which were kept in 500-L tanks. One group was vaccinated
with FKC-R2, while the other group received no treatment. Vaccination was
performed by immersion in FKC-R2 suspensions in seawater (20 pg wet wt./mL) for
30 min. Immersion challenge (20 min) with R2 was performed one week after
vaccination. Thirty fish of each tank were challenged with 1.6 X 107CFU/m]l and the
others were done with 2.2X107CFU/ml. Relative percentage survival (RPS) was
calculated from cumulative mortality during 7 days after challenge. The survival
rates of both vaccinated groups were significantly higher than that of the control
(P<0.05). The RPS of the groups challenged with 1.6 X 107CFU/ml and 2.2 X
107CFU/ml were 64.3 and 83.3%, respectively.

Experiment 2. Time necessary for development of effective protective immune response

after vaccination in red sea bream

A total of 200 fish (14.6g) were divided into 8 tanks, and allocated to 4 groups.
Each group had 50 fish, which were kept in 200-L tanks. Three groups were
challenged with R2 (1.1x108CFU/mL, 20 min) 3 days, 1 week, and 2 weeks after
vaccination, and the other group was non-vaccinated control. Vaccination was
performed by immersion in FKC-R2 suspensions in seawater (20 pg wet wt./mL) for
30 min. RPS of the groups challenged after 3 days, 1 week and 2 weeks were 4.0,
56.0 and 76.0% respectively. Survival rates of 1 week and 2 weeks were significant

higher than that of control (£<0.05).

Experiment 3. Effects of booster vaccination in red sea bream
A twice-vaccinated group was compared with once-vaccinated groups and control.
A total of 120 fish (2.5g) were divided into 4 tanks, and allocated to 4 groups. Three

groups were challenged 1 week, 2 weeks, and both 1 and 2 weeks (twice) before
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challenge with R2 (2.4x107CFU/mL, 20 min), and the other group was
non-vaccinated control. As a result, the survival rates of all the vaccinated groups
were significantly higher than that of the control (P<0.05), and twice-vaccinated

group showed the highest survival rate.

Experiment 4. Determination of the efficacy in Japanese flounder

The efficacy of immersion-vaccination against gliding bacterial disease in
Japanese flounder (2.3g) was examined in the same way as experiment 2.
Immersion challenge was performed with the strain GF0609 isolated from
Japanese flounder (4.5x107CFU/mL). However, RPS of the group challenged after 2

weeks was only 16.7%, and the others were 0%.

Part 3. Comparative study on the field isolates of the pathogens

R2 and other 19 strains of gliding bacteria isolated from diseased fish were compared
for their pathogenicity by stamp challenge method in red sea bream (57.0g). Ten
strains among them were highly pathogenic, though the others showed 20% or less
mortalities. These two groups can be distinguished by sea water requirement, sodium
chloride requirement, growth temperature range and ability to use carbon sources. The
whole cell protein profile is different between low virulent strains and virulent strains.
In addition, DNA-DNA hybridization with R2 showed more than 70% homology in
virulent strains but less than 52% in low virulent strains. DNA homology of the low
virulent strains to the strain MK9035, which was one of low virulent strain obtained
from red sea bream, were more than 70%. And 16S rDNA sequence of MK9035 was
similar to 7enacibaculum species but was different from all validated species. From

the above results, low virulent strain group is presumed a new species.
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EE

AR TIE, BERAOBEMHEE KT IRV VARFBEKTV I FUrOERIEERN L
LT, UTORMZITo/, H 1MTIIHELED D ETARARZR, BEELE DR
IRIBEMBEED NBBRIELHENYT 572010, BCGERARHEZAWEEE~DEREES
RatL7z, & 2 TIXRREE Tenacibaculum maritimum 7> 5 ER LizHR < Y U KRGk
DIFORNEETABLV L T AEZAVWTRN Lz, £728 3 TiX, /A 0BEK
ICOWTABBREICLD2EMEOLEEZIT) L&IT, SEFHRTEZIToT,

F18 BCCHEEAEHZAV-AARBRREDREIL

RO THAELEWIEEMBEED NBSBEELZHILT DD, vF(4 (FHEKE
55.2g) ZHRAM L LT BCCEEABTHERAWERAZ VU EBEERFN L, A¥ 78
fEl%, BCG H=RAEE D 9 AD$ D Stim % ME BB RICEM MR L%k, Aoz Ea
Hx 1EIHETAZZLICE-oTITo, WEBEKIZIXZ T maritimum O IEYERR R2 (LLF
R2) ZHW, 3EEDORZ v FH#EEKX (4.0X109 CFU/mL, 2.0X 1010 CFU/mL, 1.5X1011
CFU/mL), ®{EX (5.3X108 CFU/mL, 2043), XX (PBSX% ) THE 1EM
BORCERL B L2, £ DR, 4.0X109CFU/MLDBEE TR ¥ 7HRE L X T 40%,
FYVBRETRAZ U THEELE 2 KT 100%DELEERBD bNER, BRIEXI XU
Kix 0% Th o7, HTRDEBMAITIERESBO O, ABREE 1 BROETHBE
5 T maritimum DOBESNTZZ 200, RAZUTERBICLY ABRBRENEKISYT 52 RN
R INTZ, AFICIToBEBETHRRECHRALON R 2Tl b, REZ U IEIXRE
MEED ANBBEREL LTEATWDZ LA LNE o T,

F28 BEVIFUOOEMEORE
2-1 FKC-R2 ODE DR
KB IFAIZBTREDMORE T maritimum O E ¥R R2 TERIL7-RiELT 7

FUrOEBEEBRE LT, B00LENR T4 MKIE 2 EIC~F A (FHKE 1.6g) %
60 ETONAL, VI/FUr#ERERXBIUMREIZRE L7, MCA70 T 25°C, 48 K
&%, 1.5%F/NL~ VU T 4C, 48 REMAREL L R2 ER(FKC-R2)%2 TV 7 F
BEEKICIIRERS L (20pug/mL, 3043). V7 F L OF M IX FKC-R2 #& 1 M
BICHRRKX 30 E92I12 2 BffDAERE (1.6X107CFU/ml, 2.2X107CFU/ml)
TR2IZLZBELHERXITV, RUENLOLANELZEHLHAE LZ, AHHRIFILUTO
RICE->THEH L,
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" VHFBERDELE
) =(1- 100
A= kR EROREE

FORER, 64.3% (1.6X107CFU/ml) B L1 83.3% (2.2X107CFU/ml) ®F %=
DEONT E-TMWEEEICBITS FKC-R2EEROAKRRIIE bITHRBREIZR L
TEEREILEN> T,

RER 2. IFMBVTHHBDENBONSIETORRORN VI/FrEEEORABA
BOMEBIZLZBHEMDROE L~ F A4 (FHKE 14.6g) TITo7, 200L EFE/N T
A bk 4 EZICHRAE 50 BT ONA L, FKC-R2 ¥ 3 HEHEX, 1 BAMBK
BX, 2HMBREX, BLIUHBXIZZENENHRE L7z, FKC-R2 DEFERL I UHF
EDHEITER 1 LREICIT T, ELABBREZEXKFABICEBTEDS L DI,
KEBEARABRANOHFEHRE LTV I FUEBRE2RELLZ, ABBRROBRESMHIT
1.1x108CFU/mL, 20 4r& L7z, TR, 1 BRBEXEXBS LTV 2 BREREKEX D
ABRRIIABRICHF L THEIREL, RT3 ARKEKX 4.0%, 1 BRERHKEX
56.0%, 2 EMBEKEX 76.0%ThH > 7,

R 3 YHABHLEMREHROBREH ENEEDRORNE~ X (FHEE
2.5g) ZRWTIT o7, 500L &> T A hAM 4 HITHRAZ 30 RTOWAL, U
7 FUEREITRE 1EMAOA, 2BBEIOA, 18XV 2AMATO 2E, BXOK
BED 43ZEE Lz, FKC-R2 OEEB L OESMEOH EITEER 1 L REICITH- -,
FKC-R2 DEBRIZIAABRLY2XEIRICEHR TS L0110, WEBRBRANOYE L
THRE LT, ABREYEDBESRMFIL 2.4x107CFU/mL, 2045 & Lz, ZO/RKE, 18
FATEEREX, 2 @AMATEER S LU 2 EE#EBXOAZRRIIHRXIIH L THREICED
ST, AZHEIT 1 BMATEERK 59.3%, 2 BWATEEK 59.3%, 2 EHEKX 74.1% T
Hot,

RE 4 ESATBEIREMEORE v T 2 (23 #HRAAL L TER 2 LR LHARK
RETIVIF U OFEDMEEZRFT Lz, AR 30 BT >, AB/EEIIE T AHXK
¥k GF0609 % A\ TIR{E (4.5x107CFU/mL, 20min) I X > TiTo7%, TORKER, H
ZRIT2AMBHEX 16.7%, 1 BRI ERNBXIB LUV 3 HEBHEX 0% L B TE1 -
ol
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2-2 FKC-R2 & FKC-GF QL& GF0609 THR{ELL T 7 F o 2R L (LT FKC-GF),
FKC-R2 L &b IZXEDFEMMEE~F A (EHEKE 30.7g) 3LV T A (EFHEE
63.6g) THRRF LKL, V7 F 8 10 B&IZ R2 B X GF0609 DAHE * AWV TIHE
EITW, DI7FVOMFEEZHELE, R2 THREB LI~ F A TiX, W FKC %% X CTxt
BEIVEWERERELNEZDY, ETATRUYIFUVOBERIRD NI oT,
Tz, v F 41X GF0609 IZ XL A2HBIZx LT, 7 A X R2ICEAHBIIHLTEN
IR DMK D> o T2,

2-3 BASEBTHERLI-FKCOER HADEK IBKBIUR2OIERLZRNERY
IFoOEMMEY T A CFHKRE3.1g) AL LTHELE, RELY I F
DERBIOBEREIIER 1 LRFICITo, V7 F U8 2 BRZICRERE (4.0
X107 CFU/mL) Z{To -8R, V7 FrOEHRIT-3.4%05 89.7% L K& iEH
D%, REIORERMICER NS D Z LAHEINT,

FIH BASMBKEOLER ABREE, MHIKHE, SDS-PAGE, DNA-DNA ~A 7V & A
T—3 a3 vBIXW16SrDNABEERSIIZ L > THHOZEREZER L, ~F A4 (FHRKE
57.0g) ~DANBRREABRORRE, DHERICITIBREBRLEBEKRD 2 2RO LN, HR
AER CITMERAEE & 9B TYlg K ER M, O BERM, RERER, KRFBFEFHEICE
ENBEH oz, £/ SDS-PAGE 2 Lo TE2FEEF VXTI EDNY RRF—F L
Tl AhH, BEKRLBEKRTRERLoTWE, DNADNANA TV FALE—Va v LoTH
DERZFRTFER, BEHRBEITT T R2 & T0%L £ DNA HEMERBD bz,
WERBEIL2%UTTHY, MEITINETHILI LA LNERo, ZZTHHEKOR
KD 16S rDNA DOEI ZMFEH L, HUEI Z2HF O EEEZHRR LY, BHO
Tenacibaculum BRAEBIIPHER L LZE THEH L2 b OORBELIIBO bILT, BEKEFITH
EThHDARENBS "R I T,

290



