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B F BBUSIEME Photobacterium damsela subsp. damsela ¥ X O° Ph. damsela subsp.
piscicida T B o, KO 165 rRNA st 5 M S R o M -5 &% RT-
PCR ¥4 ER L1 &@“ BRI Ab G & LIc12fio v o v ok RIS 2 JA €4 RT-PCR

ORRRMERTER L, ¥R A0SR Y 7 v~ - T e AT RT-PCR it
THI L X VIRIRIEANE £ D 2 LG e, COTBEMGS I Lk 0, S RN
G Y Seriola quingueradiata 45 J. OV < V5~ & Thamnaconus modestus <2< 7 > Trachurus
japonicus 15 ERAEORKM Ph. demsela HEET5H 2 LB Smic iz,

1

BRI G, b EO 7Y (Seriola quinqueradiata) FERNC IS TR TRV oo & Ao B - Ml Bt
DD CTh%, KEE, 1968ECTEWORBENFFEE T 7V ERS CHR S, D1, 2HEBER
AR—HED 7 Y BRI B CHT Lce AEOREBEAEE - (U (1972) & b Pastenrelle piscicida &
BlaE &N, T GAUTHIER ef al (1995) i 16S rRNA Hi3LEC73s L 0° DNA OHIEE: A #-<, KB
Photobacterium damsele & BEHPCRBCHH o LW o L, Pa piscicida % Photobacterium
damsela subsp. piscicide LVELZ EHRELT5H, WHLORBERENM LD THL EFELLN, KL
CLLE S ey Ph damsela % Ph. damsela subsp, damsela, Pa. piscicida % Ph. damsela subsp. piscicida
ELTHS kT B,

Ph. damsela subsp. piscicida FERSEGIE E Clo 7V 28 Cilde <, = &A Pagrus major, 7 w 54
Acanthopagrus schilegeli, < > +~ % Epinephelus akaara, >~ 7 ¥ Pseudocaranx dentex, 1 v % » X Pictiblen-
nius yatabei, 7 = Plecoglossus altivelis 75 & m 5 bt EhCv-% (MURoGA ef al., 1977;% 5K %, 1983
AR S, 1990 ; I 5, 1990 ; #Em 5, 1991 ; Naxal ef al., 1992)0 Livl, chbofffost, 2as
A RT 2 CHL T VISR D ATE DR T H 5 MBI 3 h 5 ko Q80 e bRy, R
MR SORMEM Tl L s Bibh s, Fi, 98I P IMIIBI CARIEIC LA KR vV 7
Thamnaconus modestus OKFFELBE ST B (B - S5, 1993),

AIEORE L LT, WAEWEHSHERMERAORORES TR TR, TvEr ) v Pryei 7 =2
et KRR o B R *;}L'C iz, LiL, WFho@acs ULk B L, K g B
A LCacTdey GBI - B3, 1003), o, AT AT RE L PR S h e B 00 (Kusuba
aMSMMLw%%%@&%wﬁm%ﬁ%%éhkavoMmmmmaaLu%QmK%@mﬁmﬁx
ORI 31 B M DU TR LTV % 0%, b2 BTl Ao BBl s s LA i dh T
TRy E DX S TR R R S R E A BB OB R BE L TSI T S LN S b, AT, B
fo &% OFFRT, HBEMAEYOFECHiH Y HAYE LT polymerase chain reaction (PCR) /&'
GFHEENFESAR O AR SR TR b, BBEIEO ST Flexibacter maritimus (TOYAMA el
al., 1996) %= Piscivickettsia salmonis (MAUEL ef al., 1996) OFELHEHICHR L 5 5 2 LG SR T

il

MR e v 2, RS R 798 (BUBEROKEERKERR)
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AOKI et al. (1995) % Ph. damsela subsp. piscicida ®Hefofk DNA st % PR SR 7 % e Ui
PCR 435 LC\v %, KRUFE-CiL, Ph damsela 165 rRNA JEET O R & L Ac s S/l
BRI AR L, KB PCR » A fA’i«’f’lka T O RS X OBHIRIE O O L, &

B, AREER IR R TR R B RS Ph damsela OWH ATV, L OATBD R o0 TRE
w 1T -1,
HH&LUHE
T4~
Ph. damsela {(=Ph. damsela subsp. damsela) % & te Photobacterium JRAIE 6 7, Vibrio RANEBML,
YU Aeromonas BAIE i3 56H 0 16S fRNA MET 7 — 4 —#H 7w 79 4 Dnasis LT

Genetix # VTR X20~23E € GC:40~60% D PCR 794 <~ — @ LB EOH L, LS5
4 =& LT K-F1 (5-CGAGCGGCAGCGACTTAACT 3V Lic, FHi7 94 +v—~ R-GEN (&’
GATTACCAGGGTATCTAATC-3") 11 Vibrio JRAIBI O 16S rRNA MEFORTFHIEL HEBOH X i
FI-C (GENMOTO ef al., 1996), HiIEI IS (nt) 786~805 MM sE e H ¥ 4. Mk, Lo 7951
=il 20 pmol/pl WL, BT S £ C-20C TIRAT LTS,
BB

AWFGeCi, Ph damsela subsp. piscicida (SP 91142), Ph. phosphorewm (FUFP9311), Ph. damsela
subsp. damsela (ATCC 335397), Vibrio anguillurwm (HUFP 50017), V. fischeri (ATCC 7744%), V. mediter-
ranei (ATCC 433417, V. natriegens (ATCC 14048%), V. ordalii (ATCC 335097), V. alginolyticus, V. camp-
bellii, V. carchariae, V. parahaemolyticus, V. pelagius, V. proleolyticus 15 L 0% V. lubiashii % PCR 55
PoMEHCEE Uts, Ph. damsela subsp. piscicida, Ph. damsela subsp. damsela, V. anguillarum, V. fischeri,
V. mediterranei, V. natriegens ¥ X O° V. ordalii 1325°CC, TOMOEI20CCTER £ 2% NaCl 9 7
b7 aw (2TSB) &M OD 600=0.7 &7c% & C12~ | SIHIERERE U, ssumithaem Lz
A A FEBC e,
HEEE & U PCR

Sb GRHIREEME, MR e 2 f — b, b U O R AU R UCE M) RS % 2 0.5 mg/ml &
LT0.5% (wiv) Eleb L d 7 uF g+~ KLU Tween 20 XM LITCCHSBAM LI, EHiC
TE (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) fllfll7 =/ —ATC2[E, 7w 7 40 b - AV T 0T
2k (240 1) BT | BHEENE A T - o, AKBLEILL, 90°C « 5 FHEEHE#SA &4 PCR «©
Jelf,

kS A 1 mM ANTP, 5 mM MgCl,, 25U M-MLV #ilE %G g # (USB), 10U ¥ £ = 2 L7 — wiHEA
(Toyobo) #1208 1.0 pM R-GEN 7 3 1 < —#% &t PCR EILHE (10 mM Tris-HC, pH 8.3, 50 mM KCD
420 - 30 RG34, BIET RS cDNA AW LA, X59CCIOpMAM Lick, 2
mM MgCly, 2.5U AmpliTug DNA polymerase (Perkin Elmer), 0.2 pM R-GEN s L0 K-F1 V5 A <~

mePU{&mﬁif 72°C - 1057 £ O05°C - 2 PG S, 95°C - 1ML, 62°C - 1 Hililss
V72T - Hm&m%%#4/» E5r72°C - 5 ORI &) BT A H Ui,

Puzﬂﬂusyfbw_szrm:mmmMJnsmmmHso1mMEDmx11 ki LAt
mg gy aTaw FCREBL, UV-+ 5 v A 44§ 5 -2 —-CHELL, TR~v—-2—-4+07T ¢X
174/ Hae 111 (New England Biolabs) % v /2,

ABRBRNAD O Ph., damsela DB

ffolB X Ph demsela subsp. piscicide (SP91142 #k) 4 2% NaCl + ¥ 7 b v — v 9RES (2
TSA) a5 PBS iR Lcd 0% 201 oficimml, Chiwc80@ CPRBikE 11.1g) o7 MX&
WL, =7 b=y v Lie s 55 MERGREBIE L, o OpOBIBEEREx 2.3x10° CFU/ml, Killix24.2
1 'C'afsz:oxﬁ‘l%‘-ff&, T E 2 ODPKAKE (541 IR ESVRBICHTTREL, =7 b— 5 v LIgh 610

BHEIH L7c OKIE24.3~24.6°C), 0RBHETFR CLRIME L OHTESL % L, S0RHTFE C, W
U)X.zﬂ 2B 3 HIENC A DR I0RT R U, SR A % PBS &inz TR Lo, 2TSA
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Il L OY RT-PCR o L 5o Bt L7,
AR L UKRRANSD Ph. damsela DI

TR L UCr1 9964 7 H i SR RERIEMN T 55 T, T, 3 L ORE 0§ 3 5 o a4k 1
L 0B Lo ML L 7Y O R S B U, Fods, BRIERC LT B o0 58 R -CRE 1 R,
WHEO TR STy, SRR I & JER R LaREY PBS 2hna CER LA, 1004 o
% 2TSA wMv7opirml, B RT-PCR i X 2O, & JOBTFeadii RT-PCR ©, Th¥
MBE L7, B RT-PCR Cik, MR %L 2TSB 5 ml il L25°C C4MFHIR B ER Lic s, B0y
FE (7,000xg, 10 4H) @k 0 @Bk R I U RT-PCR %17 -7z,

KHRE LT, 19964 5 A g -Caam s & U S halitgo 7 Y HEfus OB s o
=S G F EPFFICEEL A, SARIOT A Sy~ S5 ¥, A v osF Slephanolepis cir-
rhifer, ~7 v Trachurus japonicus, 7V, < &4, AX& Lateolabrax japonicus, = v 7 &1 Zeus faber,
d8 LUkt Scomber japonicus AT B KE LTSI o Bt Uiz, O 28 DIF RS ML
iy, i 2g PEOTRBC ST 2o i Lic i, PBS i CHRE LIYE RT-PCR
kL, foks, - fBOdEhL 2TSB T RT-PCR it 5 & € —80C GBS L7,

& R

Ph. damsela 16S rRNA EEFZEMEL Lt RT-PCR

Ph. damsela subsp. damsela, Ph. damsela subsp. piscicida, Ph. phosphoreum Js LU 12880 Vibrio JEHAIE
OIS 75 1~ — K-F1 3 LU R-GEN # flv 72 RT-PCR wfitL, 7% » — ABGH L1
e Fig. 1 @R Uiz, Ph damsela WO MUY S G BHIRE T O R & S Y454 750 bps
DY B S Iichy, (OB O RS S UREM LB S i » 22,

Table 1 Detection of Photobacterium damsela (Ph. damsela subsp.
piscicida) from experimentally infected yellowtail by RT-PCR
and bacterial isolation

Results of detection of Ph. damsela
Fish No. Days after challenge™!
1 day 2 days 3 days
Isolation*? RT-PCR | Isolation RT-PCR | Isolation RT-PCR
1 - + - + + +
2 - + - + + F
3 - +wd - + t +
1 - +w - +w - +w
5 - +w - +w - +w
6 - +w - Fw - +w
7 - +w - +w - -
8 - - t - - -
9 - o o . j— .
10 - - - - - -
Cont.™ - - -

*t: Fish were immersed in a bacterial suspension of 2.3x 103 CFU/ml for 5
min.

21 Results of isolation of Ph. damsela subsp. piscicida on 2TSA after 48h at
25°C.

3. Weakly positive,

“: Negative control.
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Ph. damsela ] RT-PCR OBHIEREK

Ph. damsela subsp. piscicida OBEO10EFERINLTER L, HRECE RS 5 & FIRRC & /R0 il
Li-#ifa RT-PCR #6108 PCR it L, 74 » — ATRKE) L% Fig. 2 wiklLiz, RT-PCR T
13 10'CFU Db CHIRET ORMREAER S hfcss, PCR Cix 103CFU LLECLAHHEG R S h
fehs =72,
ANBBHBMNS D Ph. damsela DIRH

B0 B B o B B30 @B 1 B 7 Y 0355 Ui, ads, ZOIECHRA L Ph demsera
subsp. piscicida MWHEBHE S iz, FATEBALS 3 AR V0BT >8R L, WoEEs LU RT-
PCR & L B OB A - o4 Table 1 1R Ui, BUR 1 BECE, WThofnd b IEkET
Ph. damsela subsp. piscicida (3MH S duieh » faoest L, RT-PCR EEClabitt & sk & 48T 75k
P Ph. damsera subsp. piscicida 7B Shtz, Table 1 Rkl o2 A, 3 ABICK T
RT-PCR OfiisRiassit L o L #ih -1,
FHEET Y M HO Ph, damsela OB

WIS A R R T O RM Y Y 0 ¥ A HE S HE, RT-PCR & L UM RT-PCR b Ph
damsela OB A BRI EEIRE Y Table 2 1R L1z, MAOMK I T 4 WERKT o B GHE-C P
damsela OB CIED - feps, 7 H20H LR icd L BRI Ph damsele R Shvie, —7, W

S, RT-PCR 3 L UIH RT-PCR BT Ph. damsele OBURRA 5 &, WHHECLL668 A 1 i
RO TH - oo B L, RT-PCR TR 1280675, % 70l RT-PCR Cur2etithn itk & e » 72,
F o, BRI RV TS S OMEORTIC L D Ph damsela DFENRERCE oD H o fod, &
OB s T PCR 54l RT-PCR Ttk R ornib i,
KRNSO Ph. damsela DB

KR b Ph damsele DB ESNRLEINCIE & A BRI » foicd, BB LD
€ Table 3 R LT, 7V, V5%, BLO=T b, TR LH80% L5 EUCRET
Ph. damsela DRIBENte, F1, w420 9 ~Enbd, BERREI L b 00, Ph damsela
B R RS B,

Table 2 Detection of Photobacterium damsela from cultured juvenile yellowtail by RT-PCR and
bacterial isolation

Number of Number of fish positive in
Sampling Samplin fish - - —
location date (1996) 15‘ bacterial direct indirect
examined isolation™! PCR™ PCR™
Jul. 9 8 0 0 0
Yusu Jul. 17 10 0 0 0
Jul. 26 10 1 7 9
. Jul. 10 9 0 0 0
Shitabe
b Jul. 20 9 0 2 5
Uwajima Jul. 11 10 0 0 2
Y Jul. 27 10 0 3 10
Total 66 1 12 26

1 ; Bacterial isolation was conducted from spleen on 2TSA by incubating for 48h at 25°C.
2 : Spleen samples were directly submitted to PCR test.
<3 : Spleen samples were incubated in 2TSB for 24h at 25°C prior to PCR test.
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Table 3 Detection of Photobacterivm damsela from wild fish by indirect RT-PCR*

Fish species Detection rate (%) (Number of fish positive/examined)
Seriola quingueradiata 81 (22/27)
Thamnaconus modestus 78 (28/36)
Trachurus japonicus 82 (9/11)

Others*? 44 4/9)

*! : Spleen samples were incubated in 2TSB for 24h at 25°C prior to PCR test.
*2 1 Pagrus major, Lateolabrax japonicus, Stephanolepis civvhifer, Zeus faber and Scomber japonicus were includ-
ed.

% ®

KPR T, 7V OBREOFEW Ch D Photobacterium damsela subsp. piscicida (= Pastenrella
piscicida) OB 2 B A, 3 16S rRNA MET WM& 45 PCR RiftkomMir v itais,
Ph. damsela sabsp. piscicida > 16S rRNA MZET OHIEE T D Ph. damsela subsp. damsela ¢ 16S rRNA
BETFELLEILTHD &5 ME(GAUTHIER of of., 1995) ik, Ph. damsela (RS0 7 S 36E0 51 A ¥t
FBL, L7940~ K-F1 B UIc, $LTHETIA =~k %<0 Vibrio BHIE o 16S rRNA
okl LA T 5 R-GEN # HIL 7z (GENMOTO ef al., 1996), K-F1 &4 2ERE N H 5
BB Vibrio IBAIE 1264 LO5 Ph. phosphorenm O K-F1 % L0 R-GEN o7 5 1
= =% fe RT-PCR ik L7c#iR, Ph. damsela WiHEHD S oW EEEE D S R B T U 48 %
5 750 bps @ PCR Al S h oy, FO oM OMHERED & ORIEE LS Hhich » ke
(Fig. 1)y LAzt C, W7 54 = —%flvic PCR (L Ph damsele &R THB 2 EDHBH LT -7,

K-F1 &L R-GEN it 75 1 v —# i 72 PCR & LU RT-PCR DR AL Rpic b o A,
PCR Cix 10°CFU LLL, RT-PCR Cig 100CFU LAL-CHAAEC, RT-PCR & PCR i H~<100f4 85
REAHT 5 EHMErS S (Fig 2)e S4ud, PCR 5 rDNA o2 s iy &4 5 oR L, RT-PCR
i rDNA &b THlgHScn 102 v~ L FETSH E%E2 505 rRNA BB T2 M L5 L0951
VI LB LD EERZ B,

Ph. damsela subsp. piscicida & NN X &1 7 U Gk, P L OB o AE B SRS
EDRE ST D (KAWAHARA ef @l., 1989), # o -CEEGEHE s L U8 RT-PCR 2 L A ¥R % Ph. demsela
subsp. piscicida CHEU7c v ) QWA M - CHEEG Uice TR, BB COBE 1 A% Cuiie
ECHE SR, WEBR2 K L0°8 BERCE T L BB SR A20~30% i e ol L L
RT-PCR a5 &, BRI A TTO%OME B 2R L (Table 1), i vive FRic kLT
RT-PCR i 5s#%8: 1 b & BRI Ph, damsela subsp. piscicida %3 L5 = EAVR X hie, B Rpse
W -Gt Ph. damsela subsp. piscicide WHEO L HERIh A VKB AL ERE xR TV
(MAGARINOS ¢f al., 1994), #iilo> & & < in vitro FERCLIA RT-PCR %R AL 100CFU Ch bh, Bk
B L A M & BRI CH - 2ohs, in vivo Gk RT-PCR DB B, LE - oo Easb, FBRE
iR & AR AP I L L ISR S A S CIRTBIC B B Pl damsela subsp. piscicide #ihsie DT
ELTCCADTHAv LB L BRI,

A ARG AL, BETE IO R | A O 2 B Tl - foht, B RT-PCR #:-Cinl 245 fkn itk & 7o
n (Table 2), RT-PCR o HMEATFIT S, 5 (M%) RT-PCR #:-Cir26irkn it & A
b, BT E UGB 5 & L L b BCRIENE LT A S EAVRE I, SAURIEKESG COMRL L e
st Ph. dawmsels BARDEARERA G IORBEHE ORI L, S S0 Lol e oS58k £ o i
fTHo L L VBENGSLRALLDEEL LIS, ANE RT-PCR # Al CHAEBORK 7 v il f,

REEIhicw~ Y5 &, X6CBc” )V BMEEOTELRVETFHCHlEShic~ 7 SEORBRE
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Fig.1 Agarose gel electrophoresis of the PCR products amplified from nucleic acids of
Photobacterium damsela and other bacteria.
M: marker (¢X174/Hae 111}, Pp: Ph. demsela subsp. piscicida, Pd: Ph. damsela subsp.
damsela, 1: Vibrio alginolyticus, 2: V. campbellii, 3: V. carcharize, 4: V. parahaemolyticus, 5:
V. pelagius, 6: V. proleolyticus, 7: V. tublashii, 8: Ph. phosphorewm, 9: Control, 10: V. ordalii,
11: V. natriegens, 12: V. mediterranei, 13: V. fischeri, 14: V. anguillarum, 15: Control.

603 bp - = | 750bps

M123456¢C 123456¢C

(A) (B)

Fig. 2 Detection limit of bacterial number (CFU) of Photobacierium damsela (Ph. damsela subsp.
piscicida) by PCR and RT-PCR with primers K-F1 and R-GEN.
A: PCR, B: RT-PCR, M: marker (¢X174/Hae 111), 1: 10°CFU, 2: 10'CFU, 3: 10°CFU, 4:
102CFU, 5: 10'CFU, 6: 10°CFU.
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B ok, K EscH L 2 (Table 3), Ph. demsela {RE A KEBHC b IE < 905 LCu -5 ATHEM:
DRI AN, BITEE T L o ALMNETL Y ViFan S D Ph damsele subsp. damsela DGz —15
Lasieht {SAKATA ef al., 1989), K RT-PCR (& Ph. damsela subsp. piscicida O 2783 Ph. damsela
subsp. damsele Z LW L5 5 &5 G E LTRSD, Tiebb, 46 RS Ph daonsela
W5 ENMHB T »loh, FROPBEEEITEORE & e B Ph. damsela subsp. piscicida 7200,

FRELHMVEITCHGEA S E oo O Ph damsela subsp. damsela THHBHEARBTH 5,
Fechbtvic Ph. damsela subsp. piscicida ¥t fk DNA ¢ PCR # (AoKI ef al, 1995) s\ T %;WEHI‘H
ERCE IO &M HE S, Ph. damsela subsp. piscicida o%A4 -5 BHIGRIN 7 5 A ¢ Py &
L#e PCR EENREINTVS (AOKL ef al, 1997),

ABFREOBITC B I b FAE ORGSR 7l T IR R I s L OME RIS RS I B e L
.";~o

X 73
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Detection of Photobacterium damsela from Yellowtail by RT-PCR

Satoru MATSUOKA™, Keiko HIROSE, Yoshie SOUMYO,
Toychiko NisHIZAWA and Kiyokuni MUROGA

Facully of Applied Biological Science, Hivoshima Universily,

Kagamiyama, Higashilivoshima 739, Japan

An RT-PCR detection technique was developed for Photobacterium damsela
(=Photobacterium damsela subsp. damsela and Ph. damsela subsp. piscicida) from apparently
healthy vellowtail (Seriola quingueradiata) and other wild fishes, based on the analysis of a
species-specific sequence in 168 rRNA of Ph. damsela. Specificity of the RT-PCR with K-
F1 (sense primer) and R-GEN (antisense primer) was confirmed by using Ph. damsela subsp.
damsela and Ph. damsela subsp. piscicida, 12 strains of fish—associated Vibrio species. Sen-
sitivity of the RT-PCR was improved by combining a pre-culture of the sample (spleen
homogenate) with tryptic soy broth (NaCl 2%). This RT-PCR revealed the presence of Ph.
damsela from wild yellowtail, filefish (Thamnaconus modestus) and horse mackerel (Trachurus
Japonicus) caught in the sea as well as apparently healthy cultured yellowtail.

Key words: Photobacterium damsele subsp. damsela, Photobacterium damsela  subsp.
piscicida, Pasteurella piscicida, PCR, rRNA, carrier

* Ehime Prefectural Fish Disease Control Center, Sakashizu, Uwajima 798, Japan





