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Studies on Virulence of Photobacterium phosphoreum against
Blue Fin Tuna, Thunnus thynnus

Masami HamacucH! and Riichi Kusupa

Blue fin tuna, Thunnus thynnus, has been cultured in southern Japan. However, Culture methods
suited with the fish is not clarified, resulting in extensive losses by various problems and diseases were
caused. Some bacteria, Vibrio anguillarum, Nocardia kampachi and Photobacterium phosphoreum were
isolated from the dead fish during culture, In fish, bacterial diseases caused by Vibrio anguirallum and
Nocardia kampachi have been reported and proved to etiological agent, but the virulence of Photobacter-
ium phosphorewm has not been reported.

At first, the relationship between a condition of the fish and the microflora in the intestinal tract of the
fish was studied. Gas producing Vibrio/Photobacterium and Acinetobacter were predominant in the in-
testine of the wild fish. In the cultured fish, Vibrio/Photobacterium, Acinetobacter and Micrococcus were
predominant. Gas producing Vibrio/Photobacterium were decreased in the fish under culture condition.
In the diseased fish, no-gas producing Vibrio/Photobacterium were increased. The microfiora of the fish
in the intestinal tract were changed at time after feeding and with the disease. -In addition, gas-
producing Vibrio/ Photobacterium was isolated from the kidney of the diseased fish. These gas produc-
ing Vibrio/ Photobacterium identified to Photobacterium phosphoreum by biochemical character and GC
contents. The bacterium was considered as one of pathogens against the fish. The bacterium have
weak virulence against carp, gold fish, yellowtail and blue fin tuna and has an extracellular hemolytic fac-
tor (EHF). EHF was considered as one of virulent factors of P. phosphoreum, because of the ability of
production of EHF in the clinical isolates of the bacterium from the fish organs were higher than the iso-
lates from diet and environmental materials. EHF was produced by the bacterium on logistic growing
stage in BHI medium. After purification by salting out with ammonium sulfate and ethanol, gel filtration

! with Sephadex G-75, ion exchanging chromatography of DEAE Sephadex A-50 and ultrafiltration, che-
mical character of EHF was examined. EHF composed from heat labile protein and molecular weight
about 48,000. The hemolytic phenomenon of EHF against sheep blood cells were promoted by Ca®*
and Mg?*., EHF have a lethal effect against yellowtail.
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Fig. 1. Scheme for identification of bacteria.
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Table 1. Viable count of bacteria in the intestine of blue fin tuna, Thunnus thynnus

Condition of fish Viable count (CFU/g)
Wild 3.21 x107
Culture for 1 weeks 4.42x10°
Culture for 1 year 3.06x 108
0 hr after feeding 2.98x 108
5 hr after feeding 2.32x 108
18 hr after feeding 1.05x 10°
24 hr after feeding 1.07x10°
72 hr after feeding 5.24 % 103
Diseased 1.92x10°
Diet 5.60 10°
Sea water in net cage 3.80x10°
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Fig. 2. Changes in the intestinal microflora of blue fin tuna, Thunnus thynnus, under culture. A: wild fish, B:

fish cultured for 1 week, C: fish cultured for 1 vear, [ |: Vibrio/Photobacterium, Wi: Necromonas/
Chromobacterium, [X): Micrococcus, | : gas producing Vibrio/Photobacterium.

CFU/g #7KiZ 3.8X10* CFU/m¢ &7 5720 W ol®H, KLt 10° CFU/g DL k& 7 5 72,

EIEIAE D BB OEIIE Fig 2 IRTEBY Th 5, BRI EZOTAEYEDOBEHME
#1d Vibrio/Photobacterium %595.7% & % 1), #D ) b H AL 2T b D588, 0%, Necro-
manas/Chromobacterium %%4.3% & 7 - 72 §HAT VT 1% ORIFELN I T 1% Vibrio/ Photobacterium
86.0% LY, TDHHLAAEAMERT b DH52.6%, Necromonas/Chromobacterivm 7% 14. 0%
&l olco EIE 1 4 TId Vibrio/Photobacterium 7395,4% & 72 0, Z0D > b# AFEEM % R4
b DA52.6%, Necromonas/Chromobacterium %50.6%, Micrococcus 754.0% & 7 - 72

BRI BRI OZALIX Fig. 3 IORT L B0 CTh b, BHEROERM, O~ L
O e PUHE B AR 1S Vibrio/Photobacterium 3388.0% & 7% 1), D5 & H AEAEM % T+ & D2
54.0%, Necromonas/Chromobacterium 7%9.2%, Micrococcus H32.8% & 7z - 72, 5 B &Iz
Vibrio/ Photobacterium #356.2% & %% 1), #09 b4 AL &R L DAT29. 4%, Necromonas/
Chromobacterium %°16.8%, Enterobacteriaceae %313.2%, Micrococcus 754.3%, AREHD b A
9.5% & %2 o720 18WERI #1243 Vibrio/ Photobacterium #375.3% & 72  ED) LT AEE S
INY b D739.2%, Necromonas/Chromobacterium %511.7%, Enterobacteriaceae 755.1%, Micro-

€

Ha




P. phosphoreum DFFE M

I
=AY

I

;|il||‘|!i|/

0 50 100
Percent

Fig. 3. Changes in the intestinal microflora of blue fin tuna at various time after feeding.  A: 0 hr after feeding, B:
5hr after feeding, C: 18 hr after feeding, D: 24 hr after feeding, E: 72 hr after feeding, F: Diet, G: Sea
water, [_]: Vibrio/Photobacterium, [M: Necromonas/Chromobacterium, [: Micrococcus, \N: Enterobacte-
riaceae, [F: Moraxella/Acinetobacter, |8: Corynebacterium, : Staphylococcus, [: Pseudomonas, o
Flavobacterium, [: Aeromonas, [[f]|: Others, | : gas producing Vibrio/Photobacterium.

coccus 7°4.8%, TEHD S DH3.1% & 7% o 12, 24BER 121213 Vibrio/Photobacterium 75 78. 0% &
%Y, T LHRAEELEFRT O DH43.2%, Necromonas/Chromobacterium 757.0%, En-
terobacteriaceae H°2.8%, Micrococcus 259.7%, RO L DA2.5% & 725 77 T20FH I
Vibrio/Photobacterium %388.0% & 72 1), # D5 b H AEEM % RT b DH57.0%, Necromonas/

. Chromobacterium 7% 3.9%, Micrococcus 758.1% & 7z 72, BF DMITHE AR 13 Vibrio/ Photobacterium
WA6.1% LD, EDH L AEEMEHRYT S DH35.0%, Necromonas/Chromobacterium 7%
13.9%, Enterobacteriaceae 7%1.5%, Moraxella/Acinetobacter 7%%13.2%, Corynebacterium H32.7%,
Staphylococcus %% 3. 8%, Micrococcus 2516.2%, AHD S DH2.6% & %2 72, WiFTHDEA
DHEARIZ Vibrio/ Photobacterium 7°25.0% & 72 ), # DS b H AEEMERT L DH3.7%,
Pseudomonas #350.0%, Flavobacterium 7%3.5%, Moraxella/Acinetobacter 754.0%, Aeromonas
%%4.8%, Micrococcus 237.8%, ANHD L DH4.9% & % - 7=,

B 0w 70 OEEDR L BHBOBNMEMO LB Fig. 4 ISRTEBYThH DL, EH
E DB Vibrio/Photobacterium 7586.0% & %2 V), #0 3 b H AEAM4RT b DI
53.0%, Necromonas/Chromobacterium %%10.5%, Micrococcus #53.5% & % » 720 R % Tid
Vibrio/ Photobacterium 7598.1% & %2 V), D) b H AFEAMEZRT & D12 32.0%, Necromonas/

Chromobacterium °1.9% & 72 5 72,
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Fig.4. Comparison of the intestinal microflora between diseased and normal blue fin tuna. A: normal fish, B:
diseased fish, [ ]: Vibrio/Photobacterium, W: Necromonas/Chromobacterium, 3. Micrococcus,  : gas
producing Vibrio/Photobacterium.
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EAIR S THE S LB RS A L EEREM ANy 0w S nEREOBENMIEEICI
EERTH ST, 105~107 CFU/g DN TH - 720 @EAFEOWHLENIZE, 10°~10°
CFU/g DHMIEAEET 52 M6 TWwa (MR - AB 1975, AMREICBNTS, EFY)
L OBRMER 2 ORI H 770 TROIZH L, WA TIE 10° CFU/g L HiNS A1MHE
%R L7, BATAOEPIE R OZAI B ESRIC 3N T 2 A ORBIZE - TET L, &
BRALT2REIZ 1 10° CFU/g & Lize 2 0~ 7 m A OEMH OB ORI ) BPIH
oL, e (FkM 1976) v+ F (KA L& 1971) ¢HELTHETH -7,
FEOMILERIZIBEIC L 2 BEAREVE SNTWAEY, 7 a7 OLRIEAERZAET Tk
WALIZES 2 A, BHEROZE b ERLA TR AVHEEI LML, VolT), L)
B OEPMEN BT SN a2 D o 2 b b T, ERDHEL ) SEEERLL,
ZOERE LTI, AEOETEICL ) BRBREOELLHENME L RE L T 5 RUEREOR
THREMSEIY, BRAEEIHIT 20T 2wt E2 b5,

v 20 K OB AN E AL Vibrio/ Photobacterium, Necromonas/Chromobacterium 8 & O
Micrococcus 72 ¥V & o CTHER S NS Z L WD & o7z, BEF - T (1968), WER - KR
(1972) L U&F (1971) @wh b BEADBPMEMIE Vibrio HERE 2T L LTHDY,
SEORERE B LTWA, Vol¥), 7T/ uDELA EEFENETII TG Vibrio/
Photobacterium & Necromonas/Chromobacterium 73 FAR% % LT 545, L E TiX Micrococ-
cus BSEIN U720 372, WS Tt Vibrio/Photobacterium O %) b 7 ABEEMWZRT b DO K
BED o 7205, BIEGETEFOLERET Lo L EDOERELS, a7/ anBEfaLE
LB ORSPIRE AL 2 BT 2 B OB IJIZER L Ch 575, BL AV TREHT HMHREDNDH
%, Bergey's manual 9 i (BAUMANN et al. 1984) Tid Vibrio 3 X U° Photobacterium 0 AL N AR
HEME %R b DI Vibrio fluvialis, V. gazogenes 3 X U Photobacterium phosphorewm %H3FL# & 1L C
W5, AE4EE S LT Vibrio/Photobacterium @) bBEFEEAEZRTLORROLNEPo2Z L
76, V. gazogenes ZBINEND, SO 0D, BHEGROBHNMAHOERZZTORV.
fuvialis %> Photobacterium phosphoreum TE R\ EEZ b b, FIIZ & AL RHEOLALS
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N 2HEOGHLELET SLOTREVREEDbRS,

BEC X 5 DERMBEMHEOELIZBEE CTH - 72, BATE T & BARLT28 [ Tl Vibrio/Photo-
bacterium, Necromonas/Chromobacterium 3 X UF Micrococcus 3 EM % 7 LTz, LA L, BtE
%B5BEETIECNG O 3MEITHNR T, Enterobacteriaceae 75\ 1 72, Enterobacteriaceae © Ne-
cromonas 1ZIRELEL S BERIAR b W VLELRL, ZAUBRETTA2EALRE L. VWold),
Vibrio/ Photobacterium & Micrococcus \$BEEHBMEM NS 2 ML R L7 $7, TFAEYH
ICEWEIERTRD b 7o A R EE A O Vibrio/ Photobacterium (3 IBEE 5 BEf2130 % {, Fhblfs
ILAERERIZHEIN L 720 Z ORI DL BT Micrococcus (3K HIZ 4% B 5N D75, Necro-
monas/Chromobacterium & Enterobacteriaceae \3EEEFICDATDHLNDL T Eh s, FERIZL S
boEEZLND,

KN D PR AR X BF 2 S f & [FIRR LS Vibrio/ Photobacterium 7% 95%LL & % /5 &> T 7> s,

i D) BT AEEWE RS S ODRIZFEGHD0%EREL 20, HAEELERETT O
IS 2EAZR L7z, TOL) IS, BB TIBRHEHEO NS » 2OBATD 5 hi,

NODEALEAPIZT B0, E612, LAV T TRIATILENH L EBbh s,

AR P D, 7 0= 7 0OBAMER LR, BEEOBMB L OBERICE b2 - TE{L
THIEDBWPLER o7z, BAME LB CRMERRZOEERLMELR EOEBERL, &
WERICHG T 2D TEDNT v ADEALIZERICEEL BXIIT MO TWVE, zu<
7R OEFELIZE b 7% ) BB OZL BRI LA S P OFBEE 5 2 CO L THELH S &
Bbhb,
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S2HE 7O TONBABRLHEES LURAN SPBES N AHEORE

Wi BWT, 70~ unBhEgf, #his & ORBOBNMRAHE BT L8 25,
WENOMAES S b A AR FELET B Vibrio 72\ L Photobacterium JBAZ 548 5 2 MBI 258 W 4
B ETHEMIRAILRS, CHhOLOMEIBNESHECHLEEL LN,
ZTIT, RE TRy u~v s/ unBEga, EHHHB X OFRGHDBAN S 58 S N7 Vibrio
72\ L Photobacterium J& DME B X DA OB S S, BEEEELSNAMEIZOW
T, R, AEALEPERL & OIS R S, BB X OBORE 21T - 72

X B F &

HEES W ENT, yuvsrnoBEga, BEHEE L URDEOBADR S5
127 A% RS B Vibrio %> L Photobacterium J& |25V S 172688 B £ US4 DB A 5 o
BES N7 168k % SRS 1B A TR E L7,

Bies JUELFHOMERIBE Wik (Cowan 1975) 12X Y, WA, E#hiE, WEOLE,
WERDES X OWIEYE, O/129 BEVERER, OF stBR, 1 > F— Lief4th, VP 3Bk, 4 %3 & —
THBR, 7 LU BIEOFIMMERER, 2,379 v VA —AhoDT e M VEEMRE ¥S5F
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WAL ER, 7 3 BRBLRERIKER, Tween 20, 40, 60, 80 Do fEMEARER, B kFEAMRE, »
JotEeER, KK EEREEE1T - 70

DNADITT7Z2EL MY (GC) BBRDAIE HiEs L A LFMMRBREICL 5 TS
nizA, BBIUOCOIEOMENS, ZhENRENLEME 1 KKTOEAT, GCHEELRH
E L7 GCEHRIZINS DRSS Marmur (1961) DFEIC L 0 438 - K552 L7 DNA 2w
T, SNER U-2300 (H I 8ERT) 10 & - TEZEMIRE % fl%E L, Maumur and Doty (1962)
DT L > TRD 7=,

WHEICRIZTEBE, B9, pH 8 LUBETRMOFE GC SEDMEICH N 3 FROMFHEIC

Table 2. Characteristics of the bacteria isolated from kidney and intestine of blue fin tuna

Characteristics Group A Group B Group C
Form Rod Rod Rod
Motility + + +
Flagella + + +
0/129 sensitivity + + +

Voges-Proskauer
Indole
Oxidase
2, 3-Butandiol
Gelatin liquefaction
Gas from glucose
Decarboxylation of:
Ornithine
Lysine
Arginine
Hydrolysis of:
Tween 80 - —
Tween 60 - - -
Tween 40
Tween 20
Acid from:
Glycogen
Starch
Dextrin
Salicin
Glycerol
Sorbitol
Mannitol
Trehalose
Cellobiose
Mailtose
Sucrose
Mannose
Galactose
Fructose
Glucose
Xylose
Fluorescence

GC %
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L AR RIERRE L0, AR U-2300 (HILBMERT) % FIV>T 630 nm OBIEEEE HI%E L C
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& R

BB OTLRE, AALEMMERRE S L 0° DNA O GC EERIEH R Table 2 IR T LB Y
THhh, REBMEAMWEL DL, EB%OH B, AET, Vibrio static agent 0/129 (215 &R
L7e $77, 2375 VA —A0b0T M vk, TVFZ OT VI IERIEE LT
Tween 20 B X U 40 ONMKSRAREBRATHHET, VP, 4 ¥ F—N, #F T 5—4E, ¥ F AL,
F V= F VBB, Tween60 B & U8 80 OIIkS MRBIZBEELR Lz L L, RAKILHS
RIS O ABBIE 3 ODF V- Tz, Thbb, AZV-Tixr)a—7r, ko
Eﬁ—x,?#thy,ﬁw:—x,?yfy,bvhn~x,7wb~x,v>/—x,ﬁ
Sy b—R, TNZ F—ABLUFIO—-ZFSBLIY, ZOEPORKCIIEITHELZ-
70 BNV —TEATN—TE &P E R LicAs, 7)a—-rrerFry7yn
RV ERNED SN, CHNV—TEFa—A, vy IR, AFI b—=R, TLT b
2, Fhva—ADSISE LR h 572 DNA D GC E&IZAB X WC T NV—THh42%, BZ7
V=T N%ER 572

s U< ruOHENA, FENES L URDAOHILE, ST L EKRD I B, A, BBX
UCHNV—TOREIL Fg b IIRT LB Thb, BHEGABIPEBEHATEILINENAS
N— FAT8.28B X 1880.7%, BZN—TH15.6B8L013.3%, CTV—T746.28L076.0%
Yot WolEd, WM TIHAZ V= TH47%, B7 V= 7T539.2%, CI7 V=T
13.8% % 55776 VolT), HGAOERS LM LAEREBBLFCIV-TFIIEL, T
HEIZZNEFNB 7N —TH87.5%, CTN—T0512.5% &% o7

A~CO&BZ N —7OREBHROWIICFRITTREOEEL Fig. 6 IZIRTEBYTHS, 3
4 SO T N —TOERE b, 5°C A5 30°C T TRIEHEATD bNrzAs, 30°C Ll Lo TidiiE

A
B
——
C
]
0 50 100
Percent

Fig. 5. Comparison of specific bacteria groups isolated from intestinal tracts of wild (A), cultured (B) and diseased
(C) blue fin tuna. [ |: Group A, =: Group B, {ll: Group C.
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TEEHSEMITETL, 42°C TR ES LB L » 77 KEBEOBIEEERE T 20°C {35
ol
A~COET I — T OREBEROBIHICRITTES OB Fig 7T CRTEBNTH B, 3
DOTNV—T7DHEkKE DIZ, 0BLU 8% TIEEET, F@MEFT2~3%Th-7,
A~COZT N —TOREEEOIEIC KT pH DBEIE Fig. 8 ISRT LBV ThHbH, 35
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DT NV—TOREBKE BIZ, pH5.0 225 9.5 T TOREBIZEWT, BEEOTLIZ/ISh o7,

A~COEZIV— T ORERROBEIIC BT TITRMOFLEIL Fig. 9 R EB IV TH 5,
3ODTN—TDEME BT, IBHIBEAT3. 0% THHE L7275, BENE 2 5120 CHiE
PRI T L7zo

% =

RIEIT, 70U~/ unBfAgf, FENES L URGEDEPITIE, ¥ RAEAMZRT Vibro
I& 7% > L Photobacterium J& -3 E N AMEAFH S HBHNESHEEO—>THSLZ EEHPICL
7o Bergey’s manual 9 K (BAUMANN et al. 1984) 1243 Vibrio J& 35 & UF Photobacterium & OIH @
AL, HAEAZTRTHEWEIE V. fuvialis T, V. gazogenes 3 X U P. phosphoreum 0 3 FEASELE
NT05h, FEBEOMRE INOSOBE KT 2 &, V. fluvialis 11 i34 F 3 ¥ — FE 4°C

¥ BLUACC TORFYE, FTU0-R, Ya—20-ABIPY b= LVBIFVYLE -
DGFERICERNRO LNz, £z, KWO3ODTV—FiznFhd<r= b —VFEDHT
WM ERIES 2 100mM L ETH D, DNA @ GC GEF VT4 ~42%THD I Lo b,
Photobacterium phosphoreum \ZFET HOPRETHHEBR bbb, Lo L, CFI—T7OEKE
WKOWTHABLUBI V- T LRABIIFETRETHLDO0E) e 5BE 6 IR T HLE
B b,

VoS, su~ruifad S5 L7z P phosphoreum T KA A EEDE A DS 3 5
V=T HE L0, BRGNS L ORBNA LRGBOMT, ThoD7 IV — 705 I
ERPEDONIZ, F2, WPAOBEISEBBLIUC TNV —TOLBEDEINTZ DS,
CO2ZHNP U TUDREME L 20 TE L Bbhs, &b (1977) 13EERBOE
REeETLY T FHRAOBAMEM LR, BENYS IRERERTETH D Aeromonas BAE
PEBHHESNDY, FEREDP OIS SNBVIRENDP R ALNZELTWE, 77, 18
EWICHFET B Aeromonas D5 ALDPODERIC L o TRERIEL, ZOE, JREIE SIS

£ BLLZBELTVS, LI255 T, BBLUC V-7 O5BEREOZBIIIHR A DOERIZHL
 SEHOEIC S B DL EBRD L LD, SO IUORREERSD AT, BELUC
TN — T OSBRI OWTRETAUEND 5,

P. phosphoveum \3FENAEE LTHMONTB Y, BORLEBORL SICHEETHE L BT,
BARPIILS DAL, BEAOERLCEHENICLFET LI ENFMSNT WS, SIMizu and
Kaneko (1973) (2R OB E b HH 520 5 b MBI Vibrio I2B T A8E 5, #hiz
AiFEDORT D BIEFENMED P. phosphoreum TH5H E LT b, WolFS, BRI XK pH
R EOHLERNORIRER OB 4 #EBT 2 LEMNDH 52 EXMNENTWE, BEDW
ALEN OB PR ISR 3 2 @EIR M2 DWW Tt Atso et al. (1968), MEE - A% (1972), SErA and
Isama (1972) B & OFH KM (1976) O#EH DV, MEORE D S 58 L 7M1 OB 12K
PH RBFDEBELH IV ZITEVnE SN TWE, AHIRIZBWTY, 207 00BA» 545
HES LD P. phosphorewm 13 pH DT B X CHHHRINIZ & » T, WHIZRITTHEI/RNI LT
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# O-f H

Ehs, BNHIEOREBEZHBZ TCWALDEEDLNE, 26D 06, KEiIZZu~wruy
BOEBRERIIFELTCBY, 7O0v 7 00BRENIBALT, TET230LEbNE,

£ 381 Photobacterium phosphoreum DFEIEIZN T 2FRE M

BEEAAEETICBWTENNICHEBTTAE A ML ZADMMNZE &I & - TH - 2 ERI5 4
THZEFHON TS, FIffiE T, 7O/ O00EEERENS X OBAIZHELET 5 Photo-
bacterium phosphoreum %5, 7 0w ZUOFEHIZL 5 CTRBEME L 250 TR WA s Bbhs,
INFETIZ, BEFRO Y O 70 DBEFED L\ IZHFELNED S, Nocardia &, Vibrio 1B OMEH
SEOGHESN, FEMEL LTELIL TS, 2095, Nocardia |& & Vibrio JBIZDWTIE 2
NETICABRME & LTOREN LD 5755, Photobacterium BEANE O HUTT T 5 HEEIC IR
% 5%\ €

ZIT, AEHTRAFOSEEHBIS T AHEN x EEWE 04 WENTEDS X ORFEM 2 BT+
58K 5 THN,

£ B A/ &

HEEA BIEE TICHV 22 0 7 uOBIRESRERI6H, IBPI618, kB L ORRI8Kk
P. phosphoreum % Fl\27z,

A HAAIESNETITORBEE,OHBA L2 FYEMAE 10.6g DI B LY
43gDF >y Fa, SHRHEONEOEMEEOWBA L FHAERE 6.8g D7 VMM, &i
BREEEL Yy — DO AF LI EERES 9g D7 a ¥4 BLU6.3g Dy A, MEMTE
WENFHEE 2. 2gnru~vrar v,

AEDEEAROAR M E k% 1.5% NaCl %700 L 72 BHI (Difco, Na-BHI) ¥:#C 25°C,
ARG E L 72D B 1,000Xg D EEICE o THEREFEZEINL 72, - 0¥ Figid 0.22
pm DIYRT T4 NT—THBL, BEABE LT, . .

BERBIREADIER  JEE kT Na-BHI £511C 25°C, 24BSRG3# L7205 1,000Xg D
DRIEIC X o TR Z EIL L 72 BARIZIRHE L7z 2 % NaCl KSR T 3 @k L-0b, Fiic
EHEETO0.1g/ml OREL LD L )ICEB L, ZOBEIY 4C T SMBTRLES B
CholDh, 1,000Xg DFLFMEIZL > TRBIEOW G * i E L7z 1if £ B S IRBIERk &
L7z

BMEDOHTE  FiEIE DRERFME (BREDHEL > ¥ —) 2HCTIIRER S % 1k
BU7z0 TR B LB LT 30°C TASERMIRE L OB S NI OB 4 R4 5
&I, TOEEEHEL:,

TOTT7-EEEORE ¥ F U amIERBRASEICHAEREZEEL YT F L OSEN
THELT, 7uF7—¥oEEZRE L,

BIEEDRE vv Y, v, v, 99F (AREMHEELY =), e FOR, 7,
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P. phosphorewm DIFFEIEE

yu< 7B LA ORmEE AT, Munn (1978) O L - TiF o7z, TF, YD
FMEE TNy TDY) CEERERIEK (HK, PBS) TH&EHLZDOL, FED0.025%75 7Y
LEEET R Y Y AKBHTEEEN &8 7-H0 540 nm OWREELS0.8 & %5 X 9 IZEHIZHE
L77e COFRMEEEE L PBS T2 EMEFRMLENWEE 12 08E&TRAL, 30°CT
1 BB RS S8 70, BB, 400Xg TlO45MOELEEERITY, LiED 540 nm OBSEE % #l
EL, 50%LLEDBIMELRTRAAGFREL % unit & LTEREZ L,

BEMOHTE A EK% Na-BHI R # T 25°C, 24BRMERL 0L, BE LA 2%
NaCl B TV CTER L, 630nm OWEEL 1.0 L %25 L) ICRAEICBE L7z, ZOWKEZ
n#% 2% NaCl i % FlVC, 2.3X108 CFU/m¢ DgFE IS L 2B # 0. 1 me 2 H0A 0FEs
BPICHERE L 7z, BHEEI0AMICh o TAWIBIRIE 2B LT,

& ES

RO, BENEWS L K> SHH LEROBMEL LS F T RET L
7-45 803 Table 3 IC/RT & B Y THh B, P. phosphorewm D—E D a0 = — ORERIZIEERFE L
BEN, BMEIFRD SN, SMREROBMERERIIZERZID ), BROSBEEKOR
HRIGBENS L CHBALL B L-EREER L CHES (P<0.01) SRBHLNN, BAE

Table 3. Hemolysis to sheep red blood cells and ploteolytic activity to geratin by Photobacterium
phosphoreum isolated from kidney of diseased blue fin tuna, intestinal contents and sea

water
hemolysis roteolytic activit
Isolates from: ig)?étgfs Y P th Y
+ - + -
Kidney 16 14 2 0 16
Intestinal contents 62 21 41 1 61
Sea water 21 3 18 0 21

Table 5. Hemolytic activity against various

Table 4. Mortalities of various fishes injected animal red blood cells by culture
with Photobacterium phosphoreum 23— filtrate and sonicated cells of Photo-
1 strain bacterium phosphoreum strain 23-1
Fish No. of No. of Hemolytic activity (unit)
tested dead fish Animals
. culture filtrate sonicated cells
Carp 10 3
Gold fish 10 2 Human O i <4
Red sea bream 10 0 Sheep 1024 <4
Black sea bream 10 0 Hor.se 512 <4
Yellowtail 10 1 BOVH.I 16 <4
Blue-fin tuna 3 1 Rabbit 1024 <4
Carp 4 <4
Eel 2 <4
yellowtail 16 <4
blue-fin tuna 64 <4
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KOS ERICIFEESRD ONLE D o7, W EA VOB ERIZBASRERKIC 1
BOLNT2DHRT, ZOMOINALL b DDHERKRIZIZEDO N L H 072,

SAEAFNITT B P. phosphoreum DIFFIEZ DWW TGS L7z F 1 Table 4 IIRT & B0 TH
B BMBEHDOILIA BLUFyF s CRIEFZREFNI BLUZ2EBAFNNIE L2, ~NWIE
D SIVT NG P. phosphoreum DSBS SN, ~NWIRAIZIEROBMARO LN, i
EHTRTITIORT1IE, 7u<Z7uT3EFR 1 BONVWIEDPRDLNIZH, v F(41BLUTY
U5 A IAINWIARD O D 5 72,

P. phosphoreum D FEE$ BB E O K FEEV P AR MBR I § BB MG 2 A L 72R I
Table 5 2R & B0 THh b, BMEEIIEESEHRICOARD LN, BEERBEEEAKIZIIRD
LN ot ZEERIED ) HIZFE TR YT FBL ey G LT, BETEI 0T
7O L CRWBIILE DR H 7z,

Z =

Photobacterium phosphoreum 13 Bergey’s manual 55 8 MUIC & % & BIHFDOFNFICHFET L5
WEE LT EIN TV D, REOREEIZOWTIRARAY L 2L, FEORKRPL N TER L7
h, MEIZBALTRELRETIIZEITIELHDLINTVEDHRTH S, T 72, Bergey's
manual 5 9 Bl (BAUMANN et al. 1984) 2BV CHREME & L TOMRBIZRD Sz, HiE X
TIZ, BEBETAD LN 7 0 7 OORAB L UNVIEROEHD 5 55 & Lz Bk P,
phosphoreum (ZIFE SN D Z LD E R o728, IRETOHRER 2L LT, ZOREHIER
WAHoTHFNLEDOTRAEVPLEEZOND, LhL, EE, ¢ P TREREHEBEOET L
Compromised host 123 \J 5 fRIEH Pseudomonas aeruginosa O EFIE R B RES % SREME
L BERAHBEE 25T\ D, NIE (1988) 13 2o DEEGSEIZBITBME D EAET DaEFR
DBEBEIZOVWTORBFEZED LT b, ZOLRNT, MEMEFRL L ZIBEEOMEMEL LT4E
K% &) DRI, BEOBREHEEMET Lz SIZEERNIRBATS LONH
LELTWE, INSDOEDOAFEN L b DIC Pseudomonas aeruginosa 3HIF LN Tnwb, D
BIEE AR A (L 1974), FHIEkEIESES (ScHARMANN 1974), 7% 1) 7057 —¥
(MoRmARA 1963), T A % —+ (MORMHARA et al. 1984) B X UF enzyme S (Pavioaskis and WRET-
LIND 1982) % &R EAT A EBHONTVE, 2o OEEMNEAYZFIH LT P. aeruginosa
WHEARHIEAL, BRICELEEZONDL, KEOKEREZ T LD D L P. phosphoreum DI
3 ARREMEI 107 DRIERG TR KT 5 7 OFEAEHIE (HE - EO 1987) L
TIRWEEZ SND, T72, P. phosphoreum \TEMWE L FEE L, TOEEMLIIRE L U~NWIE
BOBHD» LS L7 EHTEWLRTHEDONL Z LB L % -7, BoLLN ef al. (1985) &
Legionella preuwmaophila OFFIEVE % BRAR 28R & IRBT MR CHER U 72R, BRIRDEER O /555
Motz LTWwa, L225- T, S EIEED S58 S P. phosphoreum & WM B X K+
Mo S N TEME OREEMICHEEE RO o NER E LTI, BMYWHEOEAKD
WWERE B OTRAVPEEZ LND,
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D & 92 P. phosphoreum \ZIFERTF & LTERZ ONLBMWE L AT L ENTDH LR
770 WMWEDTERIZOWTITER (1974) ORFEHL D 5, BIMWE DEFEICOWCTIIHNER
MUEREROZ &0, BEPERNICBAT SO %Y 5 HILEKEOMILICHT T 2R RF &
LTEHbRHMNAEELTWAH, Kusupa and Kivura (1978) % & O Kivura and Kusupa (1979) 13
7 OEFEREE TRIEE OBEEA WA T ) RMICBIT AEROBEICRIZTHEL2H~NTEY,
A RP ORGP ESHIKEREDFIEB L CHDOENICB I A EREICHET L L LTn5, =
DT END, RRDEESRBP AT H2HEMPWELRFHO 2 0~ 7 UDEN~DBAB L U5
FINERTDbDEERONL, $72, KETTRD O N FHEMWARILIKO KB OVA I 2 7 Bk
SHDZERIFRMIKEZER T LER VB L > TRL2SE SN TEY (&K 1974), #h
W& o THEMPEDVEREIC AL P U B0 E L 5N D,
Pt Z &0 P. phosphoreum O 2 0= 77U OIFFEIZDWTHE 2 5 L 95/ NEIN 12 ILE
U THILILE 5T/ Uy BIZA FLADDH Y, FHROETOR L% EOBE ML Y flk
DEFLNAMET L7z & SIZRBRBEF CRWICIEIET B P. phosphoreum O > + P E 5 4
APEMHEEARL T 07 uDEHICEALRBRE L UNWEICW 5 Lds b DEE 25
b,

P. phosphoreum DFFIEE

# 4 &1 Photobacterium phosphoreum DEL T 38 MNE DEEES(

HIEIC, P. phosphoreum 7% 1< 7' 0 DAARBFHIBEAMET U7z & & IS8 Mg % FIF L CHRH
CRALBRICWIZADTRZVALEEDNT, LA 5T, KEO 7 u~ 2 uiod 45k
TEZD)ATHENWEDREB LU 0=/ 0t 5 BEARETLUENS S L Ebh s,
L2 L, P.phosphorewm OFEHET 5 EIMMW BT AL L, ZEAVEMISATWA
Vi

Z T, KEITIZ P. phosphoreum DIEMPE ZAERT HHT10, HMH COEELMEIZONT

-~ MRt L7z,

X R 5 &

HABEH BIHICBOCBRMWEDOEEES RS BN & Wl hE %57 P phosphoreum
23-1 ¥ % fva 7z,

BESBABORAR  MHE kL NaBHI BT 25°C, 24BIEE L7205 1,000Xg DL
BIEIC Lo TRELBEHELL, 0.2um DI VKT 74 M5 —CTHB L THEESERE &
L7,

BIEEDRE  BIETEORE AW T B R A {, M—ou .y sDAFIES
ey Y (HALEWHE LY ¥ —, Lot No. 155) ®3RIEk% AT, Muny (1978) 0 Fik iz
LoTT o720 9, Y URMEE PBS Tl L7-0b, £800.025%5 ™ 1) WEREE T b
U LAKEHCRELBME /28D 540 nm OFEEDT0.8 &2 5 & S RSB L. =0
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FRIMERER B & PBS T2 FEBEARML-BMMWEE 12 DEETERAL, 30°C T 1 RHRE
Sz, Bk, 400Xg TLOHHOELEBEEZITV, LED 540nm OWLE2EE L, 50%
PlEodEmE 2R mRARE ST wmit & LTEREL L

2N E0OBRE  Lowry (1954) OFFEIC L - TITY, FMETNT I v #E#y Xy b
LTHEML,

B OEEHEOBE 630 nm OPLE % #IE L TT - 720

SEHOBE EBOFFIEIIZEE L7 2 % NaCl B %, 55381213 Na-BHI X5 # %
W TBHPREIZ L o TiT 2 720

SBARIEHR TORNMEDELEOE #5213 Na-BHI, Todd-hewitt (TH, Difco),
Heart infusion (HI, H 7K#43), Nutrient broth (NB, H7k#%E), Torypticsoy broth (TSB, H7K#
#), GAM broth (HK#LEE) B L OBEIMMESEKEOA ML 7 M) VY ODRBRAICER I T
WA AR (SM) 2V, 1.5% NaCl % &R EERE M (HAKRE) 2 HOTERLZZZ
5 MIEMELT, 25°C T4S8RFRIRTE LMREAO 1 BEHE 2 KEMICEE L /2, &
%, 25°C TUMEHBEELT-o20b, HEOHEIEMEEL 630 nm OREEZFE L TTH &
Lz, FidOFETEEABDOBMEEZHE L2,

BEARTOBOMEOREME 1.5% NaCl & {REEREH (BARE) 2 HCERL
72AT v MCER LT, 25°C CASEFMInIREE Lotk 1 A4 HE % Na-BHI ISR L /2,
BfET%, 25°C CURMEEREELIT-7205, BiROFETEEL AR YRR L, it
W L2 Sme $o0EL, —80, —40, —20, —5, 4, 10, 15, 25, 30, 36°C D& T
BIELTO, 1, 3,7, 14, 21, 28, 35, TOHRICEMIGENE % §iuk 0 J7 Tl L7z,

BMMEOEEICRIIFTIZEREOHFE Na-BHI BEHUIIKEEREM T HOTERLAEZS
Y MCEE LT, 25°C C48RpfIEE LR K A0 1 A&HEE2HE L T 10, 15, 20, 25, 30,
35, 40°C DFIRME T2AREMEEE L2 Db, ¥ AR OB MG % 51k 0 fik TilllE L7z,

AOMEOEEICRIITEADEE %H5%05 1,2 3, 4,5 6,7, 8 9%ICFARL7 Na-
BHI ¥5#121.5%® NaCl # & O RBEEREM T HAVCER LR S » MIEREL T, 25°C T48
R RTEEE L -0 | A& HE % B ICHE L€ 30°C CUEEE L-0b, g,
WA OB MG % gk O F kTl L.

BMHMEOEEICRIZTEMO pH OF2 INNaOH BL 1IN ® HCl 2 ivT pH % 5,
5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9 IZFE L7 Na-BHI 512 1.5% D NaCl % & tr R BERE %
FAOWTERLZAT Y MIERL T, 25°C T48mRFIEE L2 E K2 1 H&ER 2 851

IZHERE LT 30°C CURRIIZEELOL, BEARPOFMEE 2RO ETHE L7,

EMMEOELICRIETEERBOSE Na-BHI B2 1.5% D NaCl % & {3 E K %
FAOWTHER L2 S Y MIERE LT, 25°C TAMEIEE L HRERDO 1 H&ES ML
T30°CTO0, 0.5 3, 6 9, 12, 15, 18, 21, 24, 27, 30, 36, 48, 72, 6HEEKE L 72D bH, 3%
LB OEBEMIENE, oy o3y &, HOWMMES X ERELZ RO FETHE L7,

BOMEOEEICRITTREWENTE 0.05~ 2 %0HMAD I Va— 2, BERELFR, ¥




P. phosphoreum DIFRETE

ZA7AY, FARBEFTM)TL 72037460 YA, Tween80 BLU MY 7Y v DFn
ZFNEHMU72 Na-BHIL 121.5% D NaCl % GUREEREHZHVCER LA RS v MNoER
LT, 25°C CASFIRTSEE Lol kD 1 & HE #3HM L T 30°C TURMEE L0 b,
Rk O H R OB B X ONAILIEM % E L7,

BOMEOELICRETESELE AL OFE 2mM @ Ag", LiT, CaF, Mg?*, Co?t,
Mn**, Ni**, Fe®", Zn®*", Pb?* OZFh 2N %imNL7- Na-BHI i2 1.5%® NaCl & 4R BER
B ERCTER LT v MCEE LT, 25°C T4SEMpIEE L - EHho 1 B4 T 54
AR LT 30°C C2AMEBREE L 720 b, §iko ik CHmEHE % #lE L7,

i S

B R COBEMPE OREAR % B L7245 F 13 Table 6 IZRT L BY TH b, Kk
Brh o OB OWFEMEE BHL, TH, SM, TSB, HI, NB, GAM DI & 7% - 7-4%, HMWE DL S
& BHI 8% & <, DT TH, HL, NB, TSB, SM, GAM D& 7 1), #AMiE ot & &
OEEEIIIARBIIRD Sl 2 o7,

BESMADOBEMME DLEWE %G L72EEIE Table 7 IIRTEB Y Th D, HEAWTD

Table 6. Hemolytic activity of culture filtrate of Photobacterium phosphoreum 23-1
grown in various media

Media (broth) APgé’g‘”mnnge He“(‘grll{tt;c/gcg)‘“ty
Brain heart infusion 0.610 512
Todd-Hewitt 0.538 256
Heart infusion 0.278 256
Nutrient 0.236 128
Toryptic soy 0.356 128
Synthetic medium 0.521 128
GAM 0.220 32

Table 7. Stability of hemolytic activity in culture filtrates of Photobacterium phosphorewm at various
temperatures

Days of preservation

Temperature ("C)

0.5 1 3 7 14 21 28 35 70

36 512 128 16 <4 <4 <4 <4 <4 <4 <4
30 512 512 512 256 256 32 <4 <4 <4 <4
25 512 512 512 512 512 512 512 512 512 512
15 512 512 512 512 512 512 512 512 512 512
10 512 512 512 512 512 512 512 512 512 512

4 512 512 512 512 512 512 512 512 512 512
-5 512 512 512 512 512 512 512 512 512 512
—20 512 512 512 512 512 512 512 512 512 512
—40 512 512 512 512 512 512 512 512 512 512
—80 512 512 512 512 512 512 512 512 512 512
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B —80~—20°C Tit70H#% $ T, —5~30°C TiI35H % T TIREMENIEIL L eh o 7:
7% 30°C BLETix 3 HigD S IEEAMET L7z,

BMPEOEAICKITTREREREORE LR LRI Fig 10 IIRTEBNTHD, BO
WML 10~37°C 22T, BEEIREAS LA T 512N T LA L7225, 40°C TIRET T 518
M%ERL, EEMBEEREE 3TC AT E & o7z BMMEDOEAMIHOMIEMLIE T 51200
TERT AEMIGED LN, EREARER 3CHETH 72,

BIMPE DA FITTIESOEEBE LRI LERII Fig 11 IORTEBYTH D, BHOWIE
PIFESH 3% E TR, WOV EATHIZONTER LA, FhULETRESOLERIZONT
VT AEMEYRL, EHEEHIEGS L3 BT E R o7z BEMWEOEAMEIIHE OWFEMSEIE T
HIZONTEATAHEMMRD OGN, BREAES T3 BHFETH 7,
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Fig. 10. Hemolytic activity of the culture filtrates of ~ Fig. 11. Hemolytic activity of teh culture filtrates of
Photobacterium phosphoreuwm strain 23-1 at P. phosphoreum strain 23-1 at various con-
various cultivated temperatures. @: via- centrations of NaCl in BHI broth. @: vi-
ble cells, A: hemolytic activity. able cells, A: hemolytic activity.

B E ORI AT O pH ORB LG LK RE Fig 12 1R EB) Tho,
O ZE O pH 75 6.0~8.5 DR Tid, ZELR>TBD LML h o728, THUTH 5 WIEE
FCRETTEMERL, @A pH 3 6.0~8.5 fHE& B o/, BMMEDEANLEO
BEREYE & A OMm A R L, Z#EEA pH 2 6.0~8.5 [ Th o 72,

EMPE OREAICRIET RSB OBE L T L7-HERE Fig. B3IORTEB)THL, £R
BB 6 R E A SBMLIZ Lo T, 6 ~18kEHI $ Tx B, 18— 420 MKRE TIER
Bl L 2 57278, FRUMRRAT AR %R Lz, 8o pH 1 Bagaih & e w0418 &
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P. phosphoreum DIREIE

p -/.,4.—.
L§
£ oa}l 10 _
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o g Fig. 12. Hemolytic activity of the culture filtrates of
‘é N P. phosphorewm strain 23-1 at various cul-
] > tivated pH. @: viable cells, A: hemolytic
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Fig. 13. Changes in hemolytic activyt, protein concentration and pH of culture filtrate of P. phosphoreum strain
23-1 during cultivation. : hemolytic activity, @: protein concentration, A: pH, @: viable cells count.

TRET L7225, #NLBIEEHMNICER Lz, BHdh D7 v 3y i i ool i1
DU, #NDBRII—EOBEER L7, EEABEFOBEMGEHE IS EEHETICAL L LD
WER LA, 2% EAFIMEL 2 o7

EMPEOBEATAT TR U 22 S W E OB & et L7 R 1 Table 8 I2/RT & B
DTHb, 0.05~2%DEHAD I VI — X, BRIFRA, YA574 Y, FAHEF M) YL,
T T A AB LU Tween 80 (ZidxTB & I L€, BIMWE DO AT HEME L5
WEEIZED SN h ol P TV RBENTAI LI » THEMIZEE L7,

BEMYEOEEIIRIFTHEESE A+ > OPELRET L2245 H13 Table 9 IR$EBY) TH b,
Ca™", Mg?*, Ag®, Lit, Co?" BE U Mn>" 28MICHEMT 22 L2 E - C, HRBERELT
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Table 8. Hemolytic activity of P. phosphoreum 23-1 culture filtrate from BHI broth culture plus

various substances

& O-f M|

Concentration Absorbance Hemolytic activity
Substances %) (630 nm) (units/m?)
Glucose 2.0 0.558 256
1.0 0.597 256
0.5 0.622 512
Yeast extract 2.0 0.507 128
1.0 0.567 256
0.5 0.590 512
FeSO,4-7H,0 0.1 0.558 128
0.05 0.573 256
0.01 0.616 512
MgS0,-7H,0 0.1 0.622 512
0.05 0.600 512
0.01 0.602 512
Cystein 0.5 0.651 512
0.2 0.573 512
0.1 0.552 512
Na,S,04-5H,0 0.2 0.616 256
0.1 0.601 256
0.05 0.569 256
K Fe(CN)4-3H,0 0.1 0.538 128
0.05 0.549 128
0.01 0.617 256
Tween 80 0.5 0.552 256
0.25 0.562 256
0.1 0.573 256
Trypsin 0.25 0.402 0
0.1 0.432 0
0.05 0.432 0

Table 9. Hemolytic activity of Photobacterium phosphoreum 23-1 culture filtrate
from BHI broth culture plus various metal ions

Metal ion Conc;:;]rll\t/fation Relztcigsit};er(rgiytic
Ag™* 2 107.8
Lit 2 105.1
Ca®+ 2 132.6
Mg+ 2 124.4
Co?t 2 100.8
Mn?* 2 100.3
N+ 2 85.3
Fe?* 2 80.7
In®+ 2 77.2
Pbz+ 2 75.4
Control 0 100.0
78 —




P. phosphoreum DFFIEME
BIWE OELEMSER L7225, #nUAND L+ > CREASYHET 2ER SR LT,
£ 3

—fiC, WEROEAT HEMAREMYE ZHEET 57201213, BEOBIELEYET 212
Lo TEMMEOBESRE DT, BHOWBMHOEN 2 25 BOLFNLL, 20H
HOOICHIRE S 2MEDEEROE VET BIRT 5 2 & OMBIZ, Z0OWEDT ML
2ROBULEDRHBHEENTHD (M 1984),

AEi Tl P. phosphoreum DIEMPE DEAIZBIT A EBEMOBRE 2% 5T, B
POME 1T o720 T DFER, P. phosphoreum TIE A 72350 vhC I3 H OMFEYE I BHI 2558
b@<, T4, FMWEOEEMRIRD B TH o7z L L, EMHESIRE ORMYE Dk
BOLDOICHWHNT: SM T, WOBBELED - 72120 2hb 53, BMWEOREEM T

¢ _ Ehole COBHRIITSB & HIOBICbRBO LN, AELEHZEMOMETLEZDONT

B, Kawanara ef al. (1989) 1377 206 538 U7z B ¥ Mtk Streptococcus sp. % FAV 72 EERT I3

TH Tl BHI & I8 U CH DS IIE D - 722, BIMWEDOEEMEIEE» -7 EHE L T

%, TH iZ Toop and Hewrrr (1932) 12 & - T & N7z B MM S 4 ERE O A MM O 4 B 12

BN THL I Ehs, BYEDEERICERESPHEINTHLLDIZL 500

EBbND, F7z, /ANE (1971) & Vibrio parahemolyticus DEEIMYE DFEEMEIZ BHI 255 v & L

Twho LAL, KH (1975) 1& V. parahemolyticus D EEMPE DA kN BHI £ 0 & MW 54

R2BRT P YKDIEIHRP 72 LTEY, ZOERE LTHALERT Foory FEIC

LH2DTRZVDPE LT A, TOLH I, BT OBERHERIC L o TEMWE DL, R

LHEENTWAI LD, KE TR LNIHOMIEN L ANWEDEEMOERIAEO%R

MWEEECRITTENENOERESDEVICL 2 DEEZ ONDLA, KEIZBWTIE

BHI FCREDOEENS L OB EOEERDOH T b L Bbh s, Lo C, BHI

EMCTHRRE, HE58 L0 pH OERIC X 2WOMHEMES L OEMYE O AR % 57

N L BHOMIERAS LR TIIEMDEOEALR I VERE Lo/, $72, REOEAET LA

MW 30°C BT ORE T35 A % 3 TR OB T A0 bR Ao 0 BIIED I

MAERFEBOEETHA ML T T2 0 (SLO) D& ) ICEAHOBEICL - TIEMIET
T2L) %D HHY, FHOBMWERINEIRLY, BEPOBEIL - THESS,

REBTEHHEBbND,

AADEMYE DL Z O FFEHITR DS LD E % 5720 %< DME LT
TEVEY B3 4o 1 A5 FLF 2 B B B 8 L O B IS EEAE S B Z E L BTV D
(hnite 1988) o MFM 2 MW E I RAULEMMEPFREOA b LT F Y Y20 (ML 1972) 728
MBI, AIMYEES B OA P L MY Y S (SLS: /MU 1972), Aeromonas hydrophila @
NTEVY T Y (THUNE ef al. 1986), Staphylococcus aureus @ a ~F 1) ¥ > (WatanaBe and Kato
1974) 7% R EHEHDRRICHERARAE 25 & SNTWD, KE T SLO 4 & & [, KB
DI BTN EL S R, BEEAE I L0 LIRS TH b D EEbNRS,
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BHI i 2 & LT, SEEMPDOLELRIER, S VI— X, BRI R, 225
A2, FARBF MU YL, 727 4bH ) o 285 U Tween 80 DIRIIC & - T, &y
HOEEMDO ERBROOLNT, M T Y OBEMICE o TEMBIZWHE L. SLS R+
Z (/) 1972) B & OF Tween 80 (GINSBURG ef al. 1963) #iEiN45 2 &0k o TEAMPFERST
HLEINTVEY, APWETIRHZOMEARED SNL D570 KWED M) 7L O L 2
EEDOHRIEWEBEN M) 7Y P ICBEMND B0, &5V IEHE (1982) 35 Moraxella
bovis DFIMPE THE LTV 5 L9912, BMWEBEKL N 73 v ICiHEDRH - T, 20O/
SRED N ) 7L VST H BHAIE, BRI 7Y UNTEET B & X R e
ALl 00rE500BERICEEZLDEEDNRS,

REOBEMPEIHERPIHEML2ZEBAF > D3 5 Ca BL U Mg?t OBINIC & - it
WDEAPRECHERE o720 F72, AWEIR M) FY RS ERL, & 280 Bolisk
SNBERDNHZ EHS, In?T BLU P OFMICL 2 BMIEROETIRIALD AL 4 2
DT RTEBEHRIZEDIDEEZ NS,

ELEDFERA &, P. phosphoreum DFELT BEMME DO BEEREM 2T L DL ERDE S Iz
2% ¥ BHI 2SR OBIEMES L B MW EOEEMEE L ICRITTH B 2 & h b K H A5E
HEBbN L, HBREIEETERED STCHETH LA, ZORETIREMNYEDLER
PETTHDT, KIEDL Y% 30°C LITFOIE S 2B EOWNES L e Bbh s, i
DS IXE\ EARMERDPHEIC & 2 B MIFENEREOHEND 50T, KWHRL VEBbh s
CEDL2%HMELEEZ D, D pH 1E 6.0~8.5 OF TIXIAIMYIE D FE Pk 12§28 55
ZNZEhh, BHIE O pH TH 5 7.0~7.2 TL Ve Bbn b, HEREIXALEC+5T
HoHrEBbhD,

55581 Photobacterium phosphoreum DEEET 3 A MME DKL & 7 D

HIE XTI P. phosphoreum (%7 0 7 0 i2xt L CEMMMELE 2 0, FHEET & L CHEL
MEEEET HZ LMD LR o7, L, KEOBEMYEOWE - LETERIZ OV T =
NETITHFT STV,

T T, KRERFETIE P. phosphoreum 23-1 ¥rDEES BIRERTF D 1 D &£ 2 5N 5 EDED
MR ERCT, 578, UCEE pH B L ONRE, Sueeh, SERImPBRELEONE 4
BA T DEEB LT )RR BT £, REORREEZEEL U h SRS L7,

® B OHF E

HEEM SMREEBCERTO L O~ Uit a OB, S5 L7 P, Dbhosphoreum 23~
L ¥kZ A7,

BESBEAOAN  GAEK L NaBHI H#T 25°C, 24MEHEE L7205 1,000Xg DR
BB L > TR BEZEILL, 0.22 4m DI YHET 7 405 —THME L THEAEREL L7,
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P. phosphoreum O35 JE 1%

B/TSE EIICETS 7 —)b, TH b BIUKEBILT P A08HT pH % 7.2 125080 L
FRAET 2 F =0 MRS (BRI 272 OB ECHE L EEA R E < 7 2
Fo AT =T TRELRDOLY ) — )b, 7B L ORBABRER Y 2h 2R 35, 50,
65, B0%DIEEICH B T THT L7ze KBEICELDS, 4°C T 1,500X g O L3Rl %305
BT VILEZ B L 72, (LB OFARRIZIE PBS % AV 7-,

FIBMB F T AIEPAED 15 mm & &5 1000mm O F 5 2E £ H 7 581113 PBS
THHE S 272 Sephadex G-200 B & U G-75 (W91 & Pharmacia) % F\:7-, il Sephadex
G-200 D& ZERE 8me, G-75 D& X 3F 10ml & L, RN &HE BETE 3mL & L7,
T2, WO T AL HARNIIE TV~ FF X+ 5 >~ (Pharmacia) %AV CdH S A LdFE A |
R a—hZWELZZ, AEHEABIZES 5 TPBS Tl EBEBHLI-OLS 5 A L7z,

AALTBIOTNTZT 40— HF 2IFHEH 25mm, & 225 1000 mm DT T AE%

Culture filtrate of P. phosphoreum 23-1
}
Salting out
35% satured ammonium sulfate
d
Centrifugation
1,000 Xg. 30 min
l
Precipitate
l
Dissolved in 0.05 M Tris-HCI buffer. pH 8.4
l
Ethanol precipitation
I
Centrifugation
1,000 Xg, 30 min
d

Precipitate

Dissolved in 0.05 M Tris-HCI buffer, pH 8.4
}
Gel filtration
Sehadex G-25
!
Ultrafiltration
!
Ion exchange chromatography
DEAE Sephadex A-50
{
Ultrafiltration
!
Gel filtration
Sephadex G-75
i
Ultrafiltration
!

Purified hemolysin
Fig. 14. Method for purification of hemolysin from P. phosphoreum strain 23-1.
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Wi A4 YIEEERARIZIZ 0.05M @ MY R — KR i T & ¢ /- DEAE Sephadex A-50
(Pharmacia) % FiV372, B{ERED pH 3H 52 LOLEOT ¥ TMITL LYy TFEIZE 5 TRD
720 EHIEERILT B A DR R ERIICELSE T o7

RES4 A UM-20 (Amicon) % AV TAT 572

EMWEOKE Fig 14 ISRTHEIZL > T o720 T4bBH, BEHERE 1.5% NaCl
BHI broth (Difco) % VT, 30°C TUMEEELI-DD, BLTEEEABIZE > THRE L
270 % WESHEEL & U C 35% Mt Ze ik, [RSL5i8, DEAE Sephadex A-50 (Pharmacia) 2
a4t oacmoua<w b T 74—, BYA#, Sephadex G-75 (Pharmacia) 12 & % 7V A,
W45 BONEIZAT 5 720

AMEROET b v URmEkEHVT, Muw (1978) OHFEICL o TTo720 T, BV
JHIMEk#% PBS T L7-0b, HFED0.025%7 7 ) VA TREEF b VU AOKBW TREREM S .
RO 540 nm OUSEEEST0.8 & & B & ) SRS L, ZoRmkEEEs PBS T2 O
AR L ENWEY 12 0EaTRAL, 30°C T 1IHMIE S S/, Rk, 400Xg
L0 B DR R4\, B 540 nm OBIHEEMEL, 50% L EOEMR TR RAA
P wnit & LTERL L7,

43 8ORIE Lowry (1951) DHEIC L o TV, EiEy sy HE LTHWZY Vi '
BTNVTIVEICBRE L,

AFEOBE SDS BRIKB LS NVAHBD2IHRIZL o THT» 77, SDS BX kB3 WEBER
(1969) DHFPUFEVS, W MFET VT I ¥ (TR 68,000), JBEAT T I Y (5FFE 45 000),
XEPMYTY ) —F Y (BFE 25000, Fhru—usC (TR 500) #~v—#4—& LTH
W T HFo 720 4L 53813 Sephadex G-200 (Pharmacia) % % @4 & LCH T REEWEF » I
(Combethick) % V> TAT» 72,

RISEE pH R I FRE —FEE - b U 7 SEE, ) BRI, U X —IRBRRE
B Yy —kB b M) v AEER Y FV, FUGKO pH 7%75.0~10.0 DOEHETENEN
WAL ICHE L, £ LT, FbOFECE ) ELEELHEL, B4 5 pH TOBIMLIEHE |‘
DEALEHES L7z f

RISEEEE RibEE% 5, 10, 15, 20, 25, 30, 35, 40, 45, 50°C m&mEE L, BidbDH
ETHMEE T HEL, B2 5EECOFHEENEERET L7,

EEREMN ERAMYE % pH7.4 @ PBS #T 30, 35, 38, 40, 43, 45, 50, 56, 60, 90,
100°C DEEFETI0, 308 & E0FEMB L0 bEEG L, MEOFETHEMEEZIEL, &
BB BT BERAEMmMIEE 2 E L7,

SFEEMYOE 16 unit DI O EB MY E % &8 L72 pH7.4 © PBS (2 EDTA, 3 —
FEEEE, STV AbA U YA, BY YA VEBAIT L, -V RTAY, SR NIT A, 2o
ANHT RIS I =N, FU 7 OVEREE, ALY Y EERERL 1M &AL IEHRMLT,
30°C T30S S8 7. RIS, Bk hETELEERMEL, BENOEE OB MG
% 100% & L CHEBRIME DRB TR
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P. phosphoreum DIFIFEE

EREBEFVIZOFTE 16unit DREORBREENYE L EHE L pHT7.4 DPBSIZ M) 7' o,
28 Y, URX VT =¥, TIT—E, V¥ EZNREFN0.5mg/ml DEEL L LD
iciin L, 30°C TI0Z MG S 7z, KILH, RdoBECHRMEEFRE LT, RLEOYE
EOEMEEE 100% & LT, BRLEOBE+H~/,

EREBEIAORE 16unt OREORKBBMMWE % EM L 72 pH7.4 ® PBS iZ 1mM
wEEY v &, SRACER, BNy s, BIKER, BN A, Bk s Ry A, L
asn b, BBk 2o, BRERSE, BeBksh, YRALEESS, mALT OV I =, BRERSk, fEfk=o 7
W, EbEkE TN ENAEML, 30°C TI0HMKIE & ¥ 7. Risfk, Bk 5k CimmiEsE 4
ELT, HRNOEGEOBEMIEE* 100% & L TRHEERA 4 > OREL /-,

BICHT HEEYE FE 12~ 07V HAOHAMICGENYEZ 1 BH720 0.1, 0.05,
0.025mg LT, 10HMIZH7z - TEIERN FBIZE Lo xTBBICIZHE PBS % Mk ICH:AE

. L7z

& S

P. phosphoreum D73 %l % Sephadex G-200 TH N A% L7z & EDEH /Y — 1% Fig. 15
R EBYTH D, BEMIEREDOE — 7 LB HE 5S4ml BLU108me D 2 EHTHRD SN,
ZDH L, BEDY -7 DI FIEWEDE S 5720 £72, DEAE Sephadex A-50 % H\\ 7 T4
ABORR, HMWEIZ pH8. 4 TRIRKITHE L7ze SNODEEED S, AWEOMHELS L
Fig. 14 \IR T HETIT - 72,
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Fig. 15. Elution pattern of partially purified hemolysin from P. phosphorewm strain 23-1 by Sephadex G200,
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Table 10. Comparison of the hemolytic activity of the material at various steps of purification of the
culture filtrate of Photobacterium phosphoreum strain 23~1

Hemolytic Total - Specific o
Fraction activity activity Protein activity Yield
(unit/mé) (umit) (mg/m#) {(unit/mg) (%)
Ethanol 35% 512 2345 9.53 53.7 61.1
50% 32 154 20.75 1.5 4.0
65% 8 35 51.05 0.2 0.9
80% — 72.60 — —
Acetone 35% 16 75 7.71 2.1 2.0
50% 4 18 9.47 0.4 0.5
65% — — 28.77 — —
80% - — 46.19 — —
(NHy),S0, 35% 1024 3348 7.10 144.2 86.9
50% 1024 3502 18.96 54.0 91.2
65% 1024 3614 31.43 32.6 9.1
80% 512 2186 50.80 20.2 56.9 N
Culture filtrate 128 3840 19.82 6.5 100.0

EHRERBEOBMEEDELIL Table 10 1ZRTEBY THbH, ZDRIEDBID DEAE
Sephadex A-50 ¥ X UF Sephadex G-75 DHEH/$% — » i Fig. 16 B L U Fig. 17 I2#F nFhRT
EBOTHD, 4RHVIRBETETIEY V%7 1mg 720 OEME?, 28581 L5 L, B
WEOPRIZ 0% TdH -7z, BEEMPWEOMES SDS KY 77 JILT I FELIKENI L - T
BMEFL72EZh, BNy FER L, BMWE DS TEIL SDS BEAIKENC X 1 # 48, 000,
TFNABBITE D 47,000 EHEE SN,

20
_ ¢
£
5 15
8
8
[0]
Q
5 10 905 S
§ 1ok 5 S
2 Jo4 §
©
< 03 &
5 @
402 g
-7
0 a"" o J 0 g
0 50 100 150 200 250 300 4

Volume (ml)

Fig. 16. Elution pattern of partially purified hemolysin from P. phosphoreum strain 23-1 by DEAE Sephadex
A-50.
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P. phosphoreum DFEENE

HRENWEONSES pH 2R RE Fig I8 IIRTLBY Thb, BREROH T
pH AEET A TH, A LREEROMEEIZ L > TEHICERSRD L7z, UL, pH
8.0~9.0 DFFA TR b MW iEMZR L7z

BRS MW E O SOSEBIRE % BRI Fig. 19 IORT EB ) TH D BIMIENE IR

201k
_ 215
=
C —
§ S =S
N 5
Q N
Q L - =
2 10 10 >
£ S
< )
- 5 E‘
o
£
(]
I
0 | 1 Biiie H .3 O
0 30 60 90 120 150 180

Volume (mi)
Fig. 17. Elution pattern of the partially purified hemolysin from P. phosphoreum strain 231 by Sephadex G-75,

oo r .ﬁh

Relative hemolytic activity (%)

o r Nl 'l N 'l |
5.0 6.0 7.0 8.0 9.0 10.0
pH
Fig. 18. Effect of pH on hemolytic activity of purified hemolysin from P. phosphorewm strain 23-1. O
CH5COONa~CH3COOH hbuffer, [1: Na,HPO,~KH,PO, buffer, M: Tris-HCI buffer, A: glycine-Na,CO,
buffer.
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Fig. 19. Effect of temperature on hemolytic activity of purified hemolysin from P. phosphoreum strain 23-1. |
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Fig. 20. Thermostability of purified hemolysin from P. phosphoreum strain 23-1. @: 10 min, A: 30 min, B:
60 min.

% 35°C L LAGEIIRbS L, TRULETIREHITET L.
B E OBEEN T T /HRIT Fig 20 ITRT LB D TH B, BIMEMIE 45°C TLO
FRMETHZ EIZE 5 TIBIEHELL, TRULORETIIFERITHELZ,
BMEEICRITTEERINMDOLE Table 11 ITRTEB) THH, BEMIGEHE EDTA, &
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P. phosphorewm O35 E 1

< H VBT LA, MY OVEREE, RVl LD EMEEIEET L,

BMEEC R R BB RUEOFE Table 12 [RTEBY TH L, BILERER M) 7
S BIXUVL AL S TETF L2,

BMEEICRIFTERA 4 > OFEIT Table 13 \RTEB ) TH D, EMmMiGEHER Hgt, Fe?™,
N2*, Cu?*, Pb?t, Zn®*, APT, Feit (X o CHRE SN2, LiT, Ca®F, Mg?t, Mn®" Tidfe
#EhIz,

FREMME DO 7 HEITGTHEIE L AR Table 14 IR TEBY THB, £10
Eoftifandh, 1RBH7:0 0. 1mg BERXTIZ4R, 0.05mg BEKX Tt 2 BANWIEL7:
A%, 0.025 mg HHERX L BER TIHERERD LN L -7,

Table 11.  Effect of various substances on activ- Table 13. Effect of metal ion on activity of
ity of purified hemolysin from Photo- purified hemolysin from Photobacter-
bacterium phosphoreum strain 23-1 ium phosphoreum strain 231

T Conzzﬁ\tgtion Eg(%}?; Metal ion Con?g]ri\t/f)ation Relati\z?% e)lctivity
Li* 1 114.6
EDTA-2Na 1 12.4 Ag* 1 107.9
CH,ICOOH 1 95.6 K+ 1 107.5
LA ! 89.5 Hg* 1 11
Lo ! 26 Ca?* 1 114.1
L-Cysteine 1 97.8 Mg+ 1 106.6
Na-Citrate 1 115.6 Mn2+ 1 102.9
2-Mercaptoethanol 1 45.6 Co2+ i 6.6
A . 12.6 Fe?* 1 8.2
HCHO i 13.4 Niz* 1 3.5
Control 0 100.0 Cu?* 1 1.9
Pbh?™* 1 1.4
- Zn** 1 0.5
: AP+ 1 5.9
Fe3+ 1 0.5
Table 12. Effect of various enzymes on activity Control 0 100.0

of purified hemolysin from Photobac-
terium phosphoreum strain 23-1

B Concentration Relative activity Table 14. Mortality of yellowtail injected with
e 18); (%) purified hemolysin from Photobacte-
Trypsin 5 5.6 rium phosphoreum strain 23-1
Papain 5 7.6 Dose Number of Number of Mortality
Pepsin 5 8.8 (mg/fish) tested fish  dead fish (%)
RNase 5 89.5 0.1 10 5 50
Amylase 5 97.6 0.05 10 2 30
) Lipase 5 87.7 0.025 10 0 0
Control 0 100.0 0 10 0 0
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Photobacterium phosphoreum D& M4 E D RGBT I D W TIZ AR OREFE A B OBMWE D
RV DU OEAREIRE TILET 22 D58 1 BR & UCRMBL I X AW HES v
720 DT, Sephadex G-200 12 & 5 7 VIR B RED L AW E DHFEH 100,000 # v b > L
TTH 5B EAHM S #17-D T DEAE Sephadex A-50 3 X U° Sephadex G-75 % BIR L7, X5
WS, TVIEEB LU A VIR E b % ) RBOFRYSH HDOT, FREFNOBEDE, WLE
BE 72, INLDOKFELMAEDLET, FYWEOEREIT 720 SHOEDHEIZ L - T Photo-
bacterium phosphoreum 23-1 YR DEAL T HEMMWE 2 AEE L CH DM AR, SF 213
#47,000~48,000 T v, KISE# pH B & VBREIZZR 2N 8. 5 B CHETH-70 2D
WEIIBOTHBMETHY, N IO VEEE, kA=), NYTIy, 2084 VBT E B
BIZE > TEEDPERT T2 2805, ¥ U0 B2 ERS L THOTREVREELI SN, T 7z,
EDTA IZ X ZRPLHIC & o THEAET L, Ca®*, Mg?! Oz & » T i shs o &
o, ERNICHEKEIHFET 5 IMODEE 1 4 ¥ AW EOBEMBESL ORI S 2
bDLEZONL, EFEHDORIUC Ca®" B LU Mg?t #5853 2 %MW E 12 1d Clostridium
perfringens O a—~NEJ T YHHLNT VD, COBEMPEILT + 27+ V58— ETHD, Cat B
LU Mg?" OB & o TRV LD ) Y IRE 5T 5 2 £ 10 % o THRMIER #5583 2, &
ROBEMMWES 2D &) RPWHIEL LA CEL A RBHT 20 TR VWAL E2 b h s,

Z N E TIZ Photobacterium phosphoreum DFEE S 5 EMWE DRFFIZ R STV, KE
AR T D B Vibrio &R Aeromonas B DELET HBEMWEIZDOWTIRE L DMEDTH B, T3,
E7VFRTIX, =85 (1982) 2% V. parahemolyticus DT BN ML 1257 & 42,000 TH
RTVY, a-FEMN) TV UV BIPF - B Lo TRETAIPRICH LTIREET Ca**,
Mg?", Mn** 12 & o TIEMEAMRE S5 & Hd LT\ B, Larry and KreGEr (1985) 1 V. vulni-
Sieus DEMPWEILFFE 56,000 TH Y, 56°C TLOHBOMEIIZ L 5 TEHIITHERT 575, &
Tu7 T =B LT B H B & LT B, Munn (1980) 1 V. anguillarum DI ?
WHEIL 4~37°C DM TIE 37°C THROEMITE {, 56°C TLO5 M DOMBALIRI & o TIEMEAS
KTBELTWD V1 olT), Aeromonas BHIH T3 THUNE ef al. (1986) i A. hydrophyla O B-
hemolysin Z#FH L, 77 F& 51,000 THo72& LTV 5, A sabmonicida DEMPE 2B LT it
ZHUDOWMEN D B, FL4F NoMura ef al. (1988) 12 & o THEL X N 7: hemolysin (55T D gly-
coprotein 25 %2 2WHTHAHE LT b, INLDOHRELEAFHOBMWE R LET 2L, V. pa-
rahemolyticus DT BB MY E B & U° A. hydrophila @ B-hemolysin & 518, K705 7 — ¥
XY B, Ca®T, Mg®t B LU Mn?T 1T & o TIRMEATMRAE S B % EOBEOMED S B, L
2L, RERENIIRL ) REOBEMWE L V. vulnificus, V. anguillarum & RSB TH 5,
T, KEOEMLWE L V. parahemolyticus DT BB MW E O D—> T2 2 Arrhenius
BREEDONL D57,

IR DA T HWE ORI T BEIELEIC DOV TIEE L DFEEIZ L 5 TR S TWw 5,
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P. phosphoreum DFEENE

InamURA et al. (1984) i35 ¥ ¥ 2 243 B V. anguillarum OB T 0 F 7 — ¥ ORIEE i3 £k
#lgH7h) 80pg £ LTW5, SHien (1982) & Atlantic salmon (2343 % A. salmonicida OB K
HNTOT7T7 - EOHEEABRE 1gdh/ih 40pug & LTWD, F7-, NoMURA ¢f al. (1988) i1
FHE L 72 salmolysin D = 7 < A MK+ 5 BIEIEM 2 & L TV B, THUNE ef al. (1981) &
channel catfish (233" % A. hydrophila DBEAESN 70 F 7 — ¥ O LDy, i3Sk E 1gH7:0 19 ug
ELTVD, TNHICKHRD EFFVERDLN LY, KEOBMLYE b 7Y Hefa 124t LTI %
FEZERL, HEEFO—2L LTHEALTWALDEEZ 5N, L L, #MmiEiE-)
LA ZUOFRMEI LTHEL, 7U L0327 02708 LB VRBER 2 Ho L 0
ERDNIA, AEBHMAICIE s 0w adfl S i dh o O THECTE 429 5 770

LLEDFERA S, Photobacterium phosphoreum D FEHN:$ 5 i y'g FHBEE S T CREE DT
g, CPT BXU Mg 12k 5 THEMMEE SN EZYETHL Z L HDE %572,

£

FO6E B & F =

2

P. phosphorewm \3ZFH2 < 7 O DG, BRE X KDL SHS NS 25, BiEh
WHREL, TO1HF7a~7a0BERICBA L CTBRMEHESBR LTV = & A A &
Bolze EXII, ABMZEE T > TW A WHEEZD 7 U< 7 05l BRME O K35
ERREDVLO TN Ehs, RABOEEBIMEMOBREEZ20N0b, LaL, AHO
REHERGIIURIG & & BIIET L, 3B TRAE L-HADBS TLETY 5 @HA
WHNTZ, IEPMEIZHL, MEREZROEAED I OBRERORTEES -2 S OEEIM S L TH
D, ERORBIKEOMERICEHS LTWh, L2 -T, 20w 00BPRMEHEAElE L O
BIRICE o TEILT 52 b id, BIRICE o TRRIZEHIAEL, 20k 2 RETOME ks
ThE, BEOENREAAIET L CEEEMRAE LS WSS ERT 20 TRAVWHAEE S
¥ (W

WolT), WA S 58E S N7 P. phosphorenwm 1ZIEFH, #EE B & UV R T Bk & Hoit
LCHRMDEDEERD RS > 720 S OBRIMPWE D FEAH 47, 000~48, 000 BED ¥ > /<2
HICLoTHRENTEY, HEMTHY Ca®T BLU Mgt 10X o TIEMAMRE S N7, &
IS, T L CERSSED LNz L ps, MBI L CHER*RIETLEZ 1002,
b TRER OB KEDBE R LD & ) ICEEHHEOIT L2 IREET, BERAEC Ikl
NDG B E DREIER R BREF LB ET A I L AR TEE h TV, $7-, &
DL BEOWRGHRIC B 2H5FE 2 S CKBAREEYE ORE I, BE,S 58S e
BREHMBLTEI-TWBEESh TV, LEF-T, 7097 0i2¢ 5T P. phosphoreum i
EMDE & FOBRRDOERMEN D HETidd 5%, AARELREE TR ERE MR 25 L,
ERHERO7ZOICERTHHERBbND, L L, RICHF-EEICLY 7 0~ 70 0&EH#E
BEPMETF L2 &, MEMERT LI ko EEbNE, TRLEDI ERE, 2 U= runik
JEIZH 72 o TIAKICEEE 2T 20 £ ) ITBBRFRLIER 2 BT L, RKEO L D ki

hﬂ
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HOFOHEI L BHIEI BT ENDDOTREVCPEEL LN L,
£ )

1) 2u<ZunEEICE L% ) ERMEHOE(L e Lz, 20E, BAEDEOBAME
WL A FEA M % IR Vibrio/Photobacterium HREEE 7 LTW7295, BRHEIZE bR T
Micrococcus < 7" A JEBEHEE Vibrio/ Photobacterium DIEMATRD Lz, WoiF), 7o
70O TIE, FAIEREAEMED Vibrio/Photobacterium DWEN LR 5 & L 12, EER
REICRIMRZ: <, BPUMEBOBEMA RS S hi, $72, 7 a< 7 uBMEHEEZED
BERIAERIC L » TR NI T B EPHP LR o720

2) Z7u=ZudBArLOFBEENEL, SOIRADERAOTEH SN AEEES _
£ USSRHELENE Vibrio/Photobacterium DRI %17 o 720 2 DR, SHALzmtKks Ly | )
GC &= 5 Photobacterium phosphoreum (Z[R5E S 17,

3) U= ruRAOTE, SO ST P. phosphoreum DIREM EMFT 57- 012, K
BRI L AW EOEYER L IME L. ZOKR, P. phosphoreum 134
RAEMION T ARER VIR BN E T REEST L LN E R -7, £72, B
M E O e A M AR A OB Bk CIRBEB L OB HER & LB L CERICE D 5 72,

4)  P. phosphorewm DEMPE DGR EAT I IS, ANTHEHH TORYEDEEMEIZDOWTR
FL7e ZORRE, RYWEIX BHL 25 s Lo & &, BERENITC, EFEEHNI3 %,
pH #°6.5~8.5 O#ME CELEENE o, T2, RYPBRIEHPTORENEIEL,
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