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NAF VT I EZ—IZLAEHEKFE Flavobacterium psychrophilum
DAY (A A= hr—L)

frREa Y - BIE BRAT

2 F

ARG, ARG (B) B4 T A b e, BAKFEOREE LI D REGIHIE LMCO#R & T
NAFVT 7 —EBLER LT, BBIZ L 2HKRFEEE (Flavobacterium psychrophilum)
OWFEIEIN R AR TH 2 HE Lz, £F, PHERARE L THEEE L TORER
HIE LMCO ¥E & F. psychrophilum & OAEMERAZRA LT IO, WEATA KT
2 _LIZHGUHE LMC9 #:38 X N F. psychrophilum %% X¥ T, ¥7 A LOBEHOER L
BERLTm, ZORER, F. psychrophilum ¥3K (1.0x10° CFU mI™Y) IR LA T A K
5 Z% 1.0x107 CFU ml~! LA EOREOREHME LMCI HIERIE~RIRL 256, 274
K25 2 ~135 LT F. psychrophilum I RIBIZHEA Uiz, Wi, fHE#EE (B8&) B4
T4 N EHEFME LMCO # & TER LIS FY 7 7 —FIZHEEF) K (BAEREN
19ug-v-globulin m1=1) %2, F. psychrophilum ¥#&#/2 L% 1 L d~! OEETHAL, A
FVT 72 —nbOHRBETOREEETA ., BEFIKEZRALIAME VT 75 —T
i1, 15 BIBSBRIZEW TS, AL 4 YT 7 7 —HHEPIZ 1.5x10° CFU ml~ O#EHHlE
LMC9O ¥SpEsR &=, $£7-, 1.0x10* CFU ml~! @ F. psychrophilum 58K & A L7z
NAFY T2 Z—DORBEF TIX, F. psychrophilum i¥ 14 BREIZIERE Sz o, —
5, PCRIEIZE »TiX, ZOWMHIEF LY F. psychrophilum ® DNA AR S 7D T,
NAFY T 7 &2 —DERIC L - TRRBOHEIEAED, EREEH LTI TE RV REID
BTFLEZEBELL,

F—— K HHME, A4V T 74—, MEER, A be—n, KR

1. [FL®IC T, REMZHRIESED Z LIZ X > TREEDH DB
Ba1T O BRTHE SN, ABIFOERLTIE, 5

LB (B ETRR, SAA= bRy, Bl g g mgam e (S< ORAICIIES EERIC) B
logical control, Biocontrol) IZERFUTHETLTNDE 3 gz mimp i s, AEEMEHEETS, b5V
P OBEEORT, EL UTHAERZMALICHE w2 15 ama ik Uiz 0 LT, Y AERE
*200742 A 1A ZH; 200743 A 23 0 X & ERETS LV oM, b ICRAEHA

LIEHE : BAWIEES, 2007 THHEREPERENRTVD (RTH, 2005 a).
B AT AN BB BT, AN &> TRIEMAE %

T 889-2192 HWR EWTHFEAIEENE 1-1
FE% ¥ e-mail address : gcmaeda@cc.miyazaki-u.ac.jp W B AEDBARICBE T S HF0IE, 1989 FEIZHIH T,




306 ik 8% - AT B

ADRERER R L FRFORIREOBMEE MK T2F
FR7aHRRE 2 R FF L T2 A R HE S TLUBR (Maeda
and Nogami, 1989), HRIEE CTICRIRDEEZ AT D
TRAEY DRRIR L KERFA~DFRLFIH 100 fLTV Vi
CTHE I TV (i L LTIE, Gatesoupe, 1999;
Maeda, 2004), FHx OHEREILNTS, VI FEE
e 7 AEEAEK~FRAMEEZRMLT, v
¥ b I ABEEICRE LZBE, TOREERR/KIEIC
BFT2L Vol fReB T\ (ATHE, 2005 b), Z
DX ) REYBRIEE AW RBERAOEETTIE, R
HMEZEAFBICEAB LY, AEFEKPIZEME Vo
THER—REITH B, T OHBMEOEE &6
EEEFEMIITOBRICE, FhLax MEEMLIETL
ERARE L 2B, AR TIXZ ORBERZMBRT 5120
W, N FAVT 7 —DENRFNRFTEERE L,

NRAFYT 72—, HE (FEEE) LEECE
THAMEDZ L > THERIN, XMFVTI7F—FT
A &b U7 KSR (£ 7213 E) 2BV T,
AEMERIC & D ELERISHEITT 5, M F VT
Z—i%, BE, FRAYEOLEER, (LAYOEER -
r, ANLIggs/e FERE~DIGH, REGEMEDHR
BRERERA RSB THAINTEY (BH 5, 1985),
AKRICERAHEZNESE, =V~ 20ABFMICRE
Licd 25, =V A0ERERR ELEE WD FH
L35 (A, 2005 b).

AR TIE, RIETHEREDPRIEOER{LE B
By & LT, fTEHEE (BR) &, WIRE Flavobacterium
psychrophilum \Zxt L CHGUER 2 R ET 508 AMHE
LMCO ¥k ((FRED, 2006) LB B L4 YT 7 H—
Z1ESLL, F. psychrophilum \Z%t3 % Sa5EMGIZIR %
B LT,

2. MMEAFE

FERIHER LB (BPUME LMCI #RB XU
Flavobacterium psychrophilum) DFEIIIHREY A b
77— H5H (Wakabayashi and Egusa,1974) Z#MH L,
BERIL18°C T THT o7z, BEALIBEYA T 7=
BREMOMEREE L TIRT,

Bacto-Tripton (Difco Co. Ltd.) 2 g
Bacto-Yeast Extract (Difco Co. Ltd.) 05g
Beef Extract (Difco Co. Ltd.) 02¢g
FEEER T R U U A 02g
AL N T A 02¢g
Bacto-Agar (Difco Co. Ltd.) 11 g
K 1,000 ml
pH 7.2-74

2.1. PCRZEZHV- 16SrTRNA BIZFRETIZL D
EHEE LMC9 %O REE

BEICAEIE2ERBE LMCO %1%, #EHL
(2000) D FikizES %, 16STRNA #BzF 2T T 5
T EI Lo TCHEREEITo T,

2.2, {IEAERLEOEMEE (LMC9#) & Flavobac-
terium psychrophilum & DI E{EF

V) BELERASA KT 2% 1.0x101° CFU ml~!
DFEGIHIE LMC9 PREFRK (18°C T 3 HAIEEE) P
24 REFIEIE LT,

CRICHETIME LMCO BRAMTHE LA T A R TR
EERRPOHOIMY L, BEARKTEIEELT,
1.0x10° CFU ml~! @ F. psychrophilum 552V (18°C
T5 BRHEE) I 12 B¢, 24 Bef#E], T2 RFRIIRE LT,

EFNENDEBETIZBITHARATA KT TR LDOftHE
#BE % cell scraper T 100 ml DIERE K P~ &
L, EOEEFRBHRIEICI > TR LT,

QBELIATA FT 7 A% 1.0x10° CFU ml™!

‘@D F. psychrophilum ¥R (FERIEE, BHI () &

FA%) HPIC 24 BRERTIRTE U726, HEEWPHLEMOHL
TEATA RT T AR BHERBRKTEIBEEHLT,

1.0x10'° CFU ml~! O#5HUHIE LMCO MRE5RIR (35
FIEE, BEIT Q) LR PITREL, 3EMH, 6K
i1, ORFRE, 12 FEfE, 24 RERIED RS A KO F A LD
fEEEERE (1) L REROFIETEHE L7,

(3) (2) ITBNT, HHME LMCO BROERIKIRE
% 1.0x10%~1.0x10° CFUml™ Y iIZ®REL, FBRED
LMCY BRI BIEHFICA T A R T 2% QR ERHE L1-
BORATA RII R EOMNBEEERZFHBILE,
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Fig. 1.

2.3. NAFYFTHE—ITHITHERME (LMCI )
& F. psychrophilum & DB {ER

5B (F8) &, FETOR/HME L TRIRT S
NAFY T2 —DERIZBNT, "M FYT I F¥—
DI|EL LTIE, ¥ATA bEERLE, 7B, #HE
(AT S/ HIEHIME LMCY #Rkix, ®&EVA b7y —
HEEHT 3 BEIRER L,

(W BELEEAETA b (VA X #92x2x1 cm {8
~1)150 g % 1.0x10'° CFU ml~! O5HiAHE LMCI ¥
IR 200 ml 1~ 1 RERTIRIE L7,

Wiz, LMCO DG #E LA TA b T A (F
A X: ¥££5 cm, &S 20 cm) FMICARVTEE L, B
B K E 7 i E)IIK%E 1 L d™! OFETHRAL
T, BT LhoDMMIRF OAEEEE TN ENFIRE
KB Lo THEIL, XA AV T 7 ¥ —NOEHME
LMC9 ¥ DB EDOE L E T~ (Fig. 1), £z, ER
THEMA LRI E R R8RS O I0IT B) 1 5t 6
BEL, FEE=280nm CHRAEEZRIETHZLITLY
EAEORENIRIETH By-globulin BEZEH L,

Bioreactor
(adhesion carrier zeolite
with the strain LMC9)

Bioreactor inside a glass column and the water flow system.

(2) (1) FEIC, Bt Lioh 7 APICHFOMEE LMCO
BEMFEIERZELTTA FEAR, 1.0x10% £
1.0x10* CFU ml™! @ F. psychrophilum BEE % 1
Ld ! OFEETRALT, TNENLON T Lo DN
R OAERE R ZFHR LT,

i, RXE LT, #HHME LMCI #RM+#E LT
WRWEBE LIZBA T4 M50 g 2 EE LA T AN
Ak, 108 7213 10 CFU ml~! @ F. psychrophilum
HERZILAERAL, ZREFNOITLNHD
FHE P OAEREFHE L, 1.0x10* CFU ml™! @
F. psychrophilum %A LT ERIZBWTIL, F. psy-
chrophilum DR RAR T 54 <—%HNT, ABRXB X
USBRX DA 7 LI T 2P D F. psychrophilum
B3 DNA % PCRIEIZ L > THRH L7,

ERPCREE, UTOXI RFIETIToM, BT A
2D OFRHEHIZI1T H#E D DNA 13, 5%Chelex100
BiRERWT, 55°C T304, 100°C T 20 oD%
S031%, 10,000 g T 10 2 EOF LA Z1T> T L
7=, fiH L7z DNA IZ2WTid, 1st PCR TiZ, 20F
(5°-AGAGTTTGATCTGGCTCAG-3’) 8 L T 1500R
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(5-GGTTACCTTGTTACGACTT-3) ® 2 D75
A =—2HWT, BIEVERRILE 94°C T5 HfliTo7
%, 2 (94°C T30 43/), 7=—VU 7 (51°C T90
), & (72°C T2 M) ORIG%E 30 Y1 7 AT
VY, AR E LT 72°C T RMOMERISEIT o7,
Wiz, 5%IC#HIR L7z 1st PCRE®H % 2nd PCR T >
FL— ke L, PSY1(5-GTTGGCATCAACACACT-
5) BXUV'PSY2(5-CGATCCTACTTGCGTAG-3’)
2ODFFA=—%RAWT, 1st PCR L FERDOY A 7 v
T2nd PCR #1T»7%, Z£L 7T, 2nd PCRIZX AEW
EBEIKKE LR Ty ATRIGE, RIMRTRAS
¥, (F. psychrophilum $#R#)72/3 KT %) 1089bp
D OF A F~7- (Toyama et al., 1994),

3. R
3.1. PCRZEZFALT=16SrRNA BI=F DRI
& BEHEE LMC9 O RE

FEHUMIE LMCO £ 16SrRNA EET 2 BEmDT —
ZR—R LB LT 2 A, LMC9 #1% Pseudomonas
fluorescens & 99% (1088/1091) DAERIMEZ R LTz,

3.2. (TEEBEIZETSEREE (LMCIK) & F.
psychrophilum & DREER

(1) F> LMCO M (4 S BT A5 4 K75 A% F.
psychrophilum SEFIEH~EIE LT 12 W5, 24 5, 72
R, A7 4 N5 R LT3 Uiz F. psychrophilum
B AR LT,

ZORR, WThORGETIZEBNTS, AT7A K7
T A L~®D F. psychrophilum OfFE IR I Nizho
72 —7, LMC9 #%, 3.0x10°~1.5%10% CFU cm™2
DEETRATA KT A LIZM#E LTV (Fig. 2).

(2) 7O F. psychrophilum ZtE SRR TA KI5
A%, FETUME LMCO MBS (1.0x101° CFU ml™?)
~NRIE LGS, 3REND 24 RZRIZB T H T4

K75 2 E~D LMCO DA B LB, W ok
RIZBWTH 1.5x10°~2.0x10% CFU cm™2 THEERT
&z, —F, RAFA4 K7 F5 X ED F. psychrophilum
FEEBERITERBLARE, 1.5%x10° CFU cm™2 Th otz

)
o]
?
s Ir
o
fe ot
@
25 51
55

. 4
.g é’
53 °F
o
<] 2 L
5
£ 1L
2

0 A A // A
0 12 24 1 72
Time (h)

Fig. 2. Number of bacteria on the glass slides which

were at first immersed in Flavobacterium psy-
chrophilum culture liquid, followed by immersion
in LMC-9 liquid.

O LMC-9

A Flavobacterium psychrophilum

23, LMCO BRIERB~NRE L& 25, 3 BERM%ICIX
AFA RTFAED F. psychrophilum ITTIERH S
3, 6 BRfE, O BER, 12 RERE, 24 FERIBICBVTHFE
ROFERTH o 7z (Fig. 3).

(3) T8 F. psychrophilum 2 fESRTZATA K IF
A% 1.0x10*~1.0x10% CFU ml~! O#FHME LMC9
HREBEBRBE~RIE LIRS, AF4 FJ 7 X E~DLMC9
RO EEERITH 2 7.0x102~2.0x10° CFU cm™2
THY, F. psychrophilum DI EEE KT 8.0x104~
8.0x10° CFU cm™2 THh-o 7z, FERIZ, 1.0x107 CFU
ml~! OFHHE LMCO M BKR~RIE LZEE, R
74 K7T R E~D LMC9 O E AT 5.0x10
CFU cm™2 IZHEIN L, F. psychrophilum D354 K
13 6.0x10° CFU cm™2 24> L7z, LMC9 #5388 1K
BE% 1.0x10%, 1.0x10° CFU ml! [ZREL-BE
WZBWTIHE, 2T7A4 RIF R E~D LMCO B E4
B, £hEh 1.5x10° CFU cm™2, 1.7x10° CFU
em~2 L72 Y, F. psychrophilum DITELERIL, Fh
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(Log No. CFU/cm?)

Number of bacteria on the slide glasses

Time (h)

Fig. 3. Number of bacteria on the glass slides
which were first immersed in LMC-9 culture lig-
uid, followed by immersion in Flavobacterium psy-
chrophilum liquid.

0O LMC-9
A  Flavobacterium psychrophilum

1 7.0x10? CFU cm™2, 2.0x102 CFU cm™2 (234>
L7z, &561Z, 1.0x10'° CFU ml~! @ LMC9 BRESFIK
ICRE LB A TIE, RT7A KT R b~ LMCY #R
DfFEAE ST 1.7x108 CFU cm=2 & 729, —7%, F.
psychrophilum DA E£E I 2.5 CFU cm™2 Th -
7z (Fig. 4)o

3.3. NAFUTHE—ITHITHEREE (LMC %)
& F. psychrophilum & DHEER

() A FVT 72— ~BEEAREKERA LIS
A, ERBRAIHFMBETRINA YT F—00b0H
HIRIZ 1) B HEPUHIE LMCO MR 1x 2.0x 108 CFU
ml~! Thotz, Lanl, 9 BEZITITREK? S LMCI
BRI S22 < 2o 7z (Fig. 5).

—77, WERHAKZTRA LIZ5E T, RS 3k
ML, A AV T2 ¥ =D OFREKRTIZ 1.5x10°
CFU ml~! ® LMCO ¥ Shiz, £D%, 6 H&ET
1%2.0x10° CFUml™1, 15 ARiE#% TiX 1.5x10° CFU
ml~! B &z (Fig. 5). 28, WIIKOBEBRERE
I¥, y-globulin && LTH 19 pgml~! Tholz,

(2) 1.0x10% CFU ml~! ® F. psychrophilum &K%
TALTZBZA, "LV T 77— bORHBRPIZBT

12 & 24Pk 309

(Log No. CFU cm2)

Number of F.psychrophilum on the slide glasses

104 108 108 107 108 100 1010
Concentration of LMC-9 (CFU ml")

Fig. 4. Number of Flavobacterium psychrophilum
on the glass slides. The glass slides were im-
mersed in Flavobacterium psychrophilum culture
liquid, followed by immersion in different concen-
trations of LMC-9 cells.

DIEPUHIE LMCOBRIL, FEERBALA 3 RefI%1213 4.0x10°
CFU ml™! i &h, 2 B#IZiX 1.5x10” CFU ml™!
B L, FO%IT1.0x107~1.5x108 CFU ml~! Z#E
BLTW:, ") T 27 F2—0bofMBKRbPIzBIT5
F. psychrophilum 1%, FBBHE)G 1 B BE TTIIHRH
Eniphoron’, 2 A% LT 1.0x107 CFU ml~! 24
B Iz, 72, SHRE (LMCY ¥R MF3E L TR
NRAFVT I HZ—=) T, A FY T2 F—0060%H
IRFIZIIT B F. psychrophilum i, EBREALA 3 BEfItE
(212 1.0x10% CFU ml~! & h, Z 0% 2.0x107
~1.5x108 CFU ml~! %#f% LT 7z (Fig. 6),
1.0x10* CFU ml~! @ F. psychrophilum %52 % % it
ALEE, AV T 7 Z2—0bORMIRPICRIT S
LMCO BkiZ, SEBRBASA 3 BRI.ICI% 2.0 10° CFU ml™*
B &h, 2 B#I2iE5.0x107 CFU ml~ (2@ L7z
2, ETD#HIZ1.0x107~2.5x108 CFU ml~! % 16 B[4
Wbl oTHERF L T e, S F Y T Z—0 0D
JRHIZIIT B F. psychrophilum 1%, 14 BiZbhiz->T
FEAEBRHEN R, e, BT, 1A
YT 7 F—bOHREIEFIZEIT S F. psychrophilum
i, FBRBALA 3 BERIICIX 1.5x10* CFU ml~! B &
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Number of bacteria (Log No. CFU mt)

Time (d)

Fig. 5. Number of LMC-9 in outflow liquid from
the bioreactor which contained the LMC-9 strain.
Sterilized distilled water and sterilized river water
were introduced, respectively, into the bioreactor
column.

[ Sterilized distilled water
A Sterilized river water

N, TOH%IX 1.0x10°~1.5x10° CFU ml~! Z#E#H L
TWiz (Fig. 7).

F7z, 1.0x10* CFU ml~! @ F. psychrophilum ¥53%
WEWALEZERIIBONT, RREB I UHBR DA
AZ VT 7 Z—=0bOMHE L PCRIEIZ L > TH~E
LA, HREBIURRX L HIZ F. psychrophilum
BRI,

4. EE

BT BT BERBHEIZ OV TIE, MM,
RIBLRET 0> b FEHIRPREGRE F ORI & 0 HEM
EMma PR 2 HIER, BHMEDEFIA L ORRHE
OHEFEZIMEIL, FREBBELCLRVRESH#ERTS
FERERH D, i OER (FEWHES) EHOFE
T, BCUA VR EHE L OFEERIZRBWNT,

Number of bacteria (Log No. CFU mi-)

Time (d)

Fig. 6. Number of bacteria in outflow liquid
from the bioreactor which contained the LMC-9
strain. 1.0x10%® CFU ml~! of Flavobacterium psy-
chrophilum culture liquid were introduced into the
bioreactor column.
¢ Number of LMC-9 of the bioreactor system
with LMC-9

A Number of Flavobacterium psychrophilum in
reference bioreactor

O Number of Flavobacterium psychrophilum of
the bioreactor system with LMC-9

TANAHEITEDE TRESN, RAEMEODS
BRITBNTANRZ L VNS5, £z, TF, &Kl
B0 TREORL)] ICXTAHBEEOELMIE L X
LTHY, EREOERIMEISE Frich s, —
T, SEFEOHERRBEOE(L (REEL) ITE b T,
Bl ITEEE:, EETHIRORRNRE, FEEE IR
BELTWD LI, FrehBRoRENIRL &l
SHTW3B, ZD& D RIERIEROME & RREAE
FRELT, "M Aarbo—~0MNIL ok
T HMEAICH D, (RIHE, 2005 b)

L L, XM Fary bha—Ml L A3HE/AOEHEEIC
BNT, FRAMEDEEAFAEHIRA Lz AEKF
BRI LE D LW o e fERD Gk, FRMEORKE
EHAR L ZEEMITIT O 2, ANEax FoAENR
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Number of bacteria (Log No. CFU m#)

P S . M . W S i i 1 L 1

0 1 3 5 7 9 1 13 15 17 19
Time (d)

Fig. 7. Number of bacteria in outflow liquid from
the bioreactor. 1.0x10* CFU ml~! of Flavobac-
terium psychrophilum culture liquid were intro-
duced into the bioreactor column.
¢$ Number of LMC-9 of the bioreactor system
with LMC-9

A Number of Flavobacterium psychrophilum in
reference bioreactor

(0 Number of Flavobacterium psychrophilum of
the bioreactor system with LMC-9

DI, ZDTDH, AFRETEIANAZFT VT 75—
DFERERET L0, ®AREOHEMEIMENITAR L
EZzbhi,

Thabb, ABRIZBWT, FHHHE LMCO Mkt
FEHEE BT T O ®MARRE ST 5 EE 2 /R
LTWBZ ERHAbMm Lol £, FHEHRE (&
) BATA b EHEPUME LMCI #RE TER L7 1
F V77 Z—i2&» T, F. psychrophilum DEFHRE%
TR EPIRITAZ LN TE I, LaL, BT L0
5O E PCRIBICE > TN E 25, HHEF
35 F. psychrophilum B &hiz, Ziud, WAL
7= F. psychrophilum 1%, A F VT 72 —RIZEED
T, N AV TSN E RTINS, £D
HEPHTE ML AR i CHIE T E RVWREREIZIET L TY
BZEBTRBRLTWS, iz, XAV T 7 ¥ —ITH
BRI ETRA LG L RERIIKERA LIZGE
LERLBT DL, BEOHFNRHMAAFY T 75—
DO LMCO BEDEIEAHERFT D Z LR TE D, Th
i, BREIIAKPIZ LMCY BROBEFEIZ LB RD B DR

Iz X 2EMBERR 311

R (BIZEEAEOERER ) DY, ZOXRERIC
YO T LMCOBRBHEFE L7 Z L &R LTV 5,

IDXIRNAAFY T I F—EBURREKR~RE
L, "M AV T 5 —%—EMRBIIR]®mTHZ LT,
IR RN T, AAMEOREER L O
DFHEaR MVABERBICERBTE 5, £z, &BiE
HIZ BT BWABRDO A2 6T, BEMBEE 2o T
W BRI EB T 2@0KF~OXEE LTHEML
B/ TE D,
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Biocontrol of Flavobacterium psychrophilum,
the Pathogen of Cold-water Fish Disease,
using a Bioreactor with an Antagonistic Bacterium

Kei Itohfand Masachika Maedat

Abstract

Using an adhesion substrate (carrier of bacteria attached) and antagonistic bacteria of the Strain LMC9,
this research produced a bioreactor and examined its repressing effect on the growth of the cold-water disease
pathogen Flavobacterium psychrophilum on Ayu fish (Plecoglossus altivelis). Initially, a sterilized microscopic
glass slide (2.6x7.6 cm) was adopted in order to check the interactions between the antagonistic bacteria
LMC9 and F. psychrophilum on the adhesion substrate; that is, we followed fluctuations in the number of
bacteria attached to it under different conditions. Consequently, when the glass slide was first immersed into
antagonistic bacterium liquid, and successively immersed into the F. psychrophilum liquid (10° CFU (colony-
forming unit) ml~'), the number of F. psychrophilum attached to the glass slide decreased with increasing
concentrations of LMCS. The number of attached F. psychrophilum decreased significantly when the glass
slide was immersed first in LMC9 liquid of a concentration exceeding 107 CFU ml~!; the number of attached
bacteria was several hundred times less than when immersed in 105 CFU ml~! of LMC9 liquid.

Zeolite as an adhesion substrate was immersed in 1010 CFU ml~! of Strain LMC9 for 1 h and then packed
into a glass column to construct the bioreactor. When F. psychrophilum liquid (104 CFU ml~1) was introduced
into this bioreactor at a rate of 1 L d~!, F. psychrophilum could not be detected in the outflow liquid even
on the 14** day, using the agar plate culture method. But when F. psychrophilum at a concentration of 106
CFU ml~! was introduced into the bioreactor, the above effect was not obtained; that is, F. psychrophilum
in the outflow was detected on the agar medium by the 2"¢ day of the experiment.

The outflow liquid from the bioreactor was examined with a PCR device to clarify whether even a very low
concentration of F. psychrophilum could be detected when 10 CFU ml~! of F. psychrophilum was introduced
into the bioreactor. As a result, DNA of F. psychrophilum was detected on the chromatogram after PCR. This
suggests that the growth ability of F. psychrophilum was repressed due to the antagonistic bacterial effect in

the bioreactor, and consequently F. psychrophilum could not form colonies on an agar plate medium.

Key words: antagonistic bacteria, bioreactor, bacterial interactions, biocontrol,

cold-water fish disease, Flavobacterium psychrophilum
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