irkdEl & U 28 U 72 E 2 DSJ4 B O 5 RFHIB5E

[

BEAR fB—* &KF

FHE* pnEE  FEAY R B

BRI TR 5,110 m OFEEER & » it EME DSJ4 ¥ 58 Lic, FEHKI 10CKB VT
HBETH% 0.1 MPa T, 70MPa DIET T B AET L, DS HEXSTRAET 570D
EECERL, FECH-TER - S ¥RBOESEC L 2RBE T >, DSTARRILY
5 ARMEET, 1XOBEGEHL, ¥/ v 1 Fii=% . » Q-8, DNA © GC &L
RYTHote, AFvE—F, H25—EBRETOIMHARRL, FrLAF YT —EiEHE
b T eF 430 F VY Ay 7 I — T D Vibrionaceae 7> Photobacterium BT 7S
hfz. 16S—rDNA iz X % %l & type strain O ¥k DNA D REH &, Photobacterium
BeRBTAHBEChsr o &A@ -1, = ODSJ4EE % Photobacterium profundum
(JCM10084) & L7,

F—J— k : [EM#AEY, Photobacterium profundum, BiER¥giE, Fis

Taxonomic studies about barotolerant bacteria
DSJ4 isolated from Ryukyu Trench

Yuichi NOGI*?, Noriaki MASUTI*?
Chiaki KATO*2 Koki HORIKOSHI*?

A novel, moderately barophilic bacterium was isolated from a sediment sample obtained
from Ryukyu Trench, at a depth of 5,110 m. The new isolate, strain DSJ4, is Gram-negative
rod capable of growth at pressures between 0.1 MPa to 70 MPa at 10°C. Strain DSJ4 is a
moderately barophilic bacterium, and shows no significant change in growth at pressures up to
50 MPa. Phylogenetic analyses of the 16S rRNA sequence of strain DSJ4 places this strain in a
new branch within the Photobacterium. However, its temperature range for growth and cell fat-
ty acid components differ from those of Photobacterium sp., and compared with four Photobac-
tertum type strains there was only a low level of DNA similarity. Based on these differences,

the description of strain DSJ4 as a new deep-sea type species, Phofobacterium profundum (JCM
10084), is proposed.

Key words : Barophilic bacterium, Deep-sea, Phoitobacterium profundum, Ryukyu Trench

* 1 WERFERMe 2 —REBRE Y = 77 4
* 2 Deep-sea Microorganisms Research Group, Japan Marine Science and Technology Cen-
ter
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1. T L &I |

FREDEERLEY I ENLRE~DBRNC X » TR~ 7t
BAENHSHSh T 5, BrORBEOFHECERR
BETULMAEFTHKLWVGEFSE, 8ukhbilsERFaE
& (Gonzalez ef al. 1994 :1995:1996:) L GEEI N T
W5,

B2k, BEOFETHLHIEKELHECE 2 5
B ET HDICFEERCTEREZS8EL, Zh
HOBAEYOERERLEBETFICOWTEHE (Kato ef al.
1995a : 1995b : 1995¢ : 1996a : 1996b : 1996¢ : 199743 ;
1997b : Sato et al. 1995:1996:) LT &1, = OiFFEHE
HEWBELIDIMET CREELLFALBLAETTA
M, MEEE & IFERECTHONEREETCLE Uit
BHIH5BTHDH, KBETEOREDOMEIIEE T
Licd LT, BRI CEETHEAEFTNEL
Ie-1c b, BRROEAKLELS,

B2 BGETHELCFERCTHER L 7 e 7437
TVTODyH T 72— EEN, B Shewanella
B2 Moritella B BB OWMH L I hi-, L
T, fEoWIEE (Colwell and Morita 1964 : Deming ef
al. 1984 : Deming et al. 1988 : Steven 1990 : DeLong ef
al. 1997:) 6P bDORBCET AIFEECTHES
DEENILINTV3, LrL, AU est 75
Y7 Dy ST 7N —FGHEIL IR T 503 R8209
(L BE 1= Photobacterium B B3 AT EMEEIZ DT
(e DB T A LV 385 (DeLong 1986 : Bartlett
et al. 1989 :) A3\ F 27 T io\~, Photobacterium
BORILBEIOHEIN, RUSEENLS LS
A% Vibrio BICEBOB & L THIE IR TE T
Ho LU, THEMZ%FF> Photobacterium [& o fEic o
WCTCIEEERSIE -, SE, 4 IBREREEERE 5,110
m D REIEVE X b Photobacterium Bz B4 5 it FEHE B
DSJ4 #ik 58 L7ze = 0 DSJ4 BRic S\ T A TR A (b2
fEER & 16SrDNA O 7 — & e oL IS 2 17
o 1o T DFEE, Pholobacterium BT AEH B &
2o feDTE ZIRRET 5,

2. BEBRAE
2.1 AERUTEEAE
Birk#piE (24°15.23 N, 126°47.30 E) O {EE 5,110 m
M [ LA 6500 CHEERICHEER L @B ERY
J2= AV
MR OB, %4750 MPa oinfE T 4°C,
Marine broth 2216 $#hc BIFIC 4B 3 5 MG 4 88 |

564

oo LT, ZOFTHEETHMETCTLRAL X 5ictk
BT 5k ER LI, ZOFETCHEMSEE DSJ4 i 5
HE (Kato et al. 1995a:) L7,

DR ELEBERETAHAIDUTOXLERKE (Type
strain) U 72,

Photobacterium angustum ATCC 259157

Photobacterium damselae ATCC 335397

Photobacterium leiognathi ATCC 25521T

Photobacterium phosphoreum ATCC 110407

Photobacterium histaminum JCM 8968T

(ATCC : American Type Culture Collection, JCM :
Japan Collection of Microorganisms)

2.2 B - ERFRH

TRCoOLBERAOEER L DSJ4 ko B8,
Difco £ ® Marin broth 2216 £#h, F /oI Zh X
17% Mz cER 7V — FEHVI, Type strain &
BLTIE4ETHEBEE (25°CE /12 20°C) T, DSJ4 it
10°CTCEER T, ¥, ABHERI A+ v 4 — %
AER, 7 &5 — LR EDOEMETIEE Loy it
Marin broth 2216 5#h#{FH L, T DO REEED
Bt 28 S CATKC X o /8L L1
M, Ao Scpd L CiER (Holt ef al. 1994 : P
H - %% 1985 : 1KiIE 1993 :) 8 » TIT - 72,

2.3 BEEERBREUTE / -0t

ST & 288 E ¢ Marine broth 2216 B2 b2 {#
L, BET24B/REEE LEEY A2, I8R5EL 1S
MR LEA20mg Y &AKER - 2 2/ — 1T
100°C, 3RFfEIMEAX T\, BWEE A Fr =250 4 L
1o T ~F 4 IR TOtE, Bk, 1845
Lfz (Komagata and Suzuki 1987:), + v 7L o> 43#7i3
HATZw= 2757 4 —
(GC/MS) THESMHERIL & BEDOBEY (Goodfellow ef
al. 1993:) #f1-7-,

F oI BESEEERE L-EMA 300 mg b 7 e ek
Wh=-2 ) —ATRERDZMB LI, @B 2 =«
777 4— (TLC) TRBBEL, A%/ v, a2y
Y OBETETHEEL T, e ¥ s iRk SRR L,
@A s m<+ 75 7 4 — (HPLC) TEMENIC
(K% & 1987 : Komagata and Suzuki 1987 1) %47 - 7=,

2.4 DNADGCEBENATIVTA¥ 1 5>

DNA O¥gF%i) Saito & Miura (1963) o J5ik gkl
{Tofee DNAODGCEEILP1 R 7 L7 -t 74
AV T 3 A7 2 B —EEFTRILd o Fic LTk
HPIC CE & 45 (8 K & 1987 : Tamaoka and

-"?71.;7\”‘:5?"1:31‘ l,]‘_'
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Komagata 1984 :) * 17T~ 7., o B#k & Type strain @

DNA-DNA -~ 7V 4 €14 v g viTk bt =+ 48

#DNA #ffi~fz, W= A 27e7FLr— i (Ezaki et

al. 1989) TfT-tc, KA LT I FOREY 40% & L,

N TN EAE - 5 VIBER 40°CT, 2 EFREITT -,
2.5 16SIDNA > —# > X & Rk

DSJ4 #:® 16SrDNA > — » v A1 PCR &% Fv &
EFa~»EEL, ABItto A+ — + o~ — 4 v 4 — (model
373S) & {FER UFHT Lz (Katoetal. 1997c), Photobac-
terium J& o Type strain B O RS ER I V7ol DR
® 7 — £13 DDBJ, GenBank 7> AF L1z,

IhBDTF — 2 ESCTCRFBIERATEY 7 ©
Clustal W (Thompson ef al. 1994) #{fERH L, NJ &
(Saitou and Nei 1987) TH Lk, Fhk, £DOLEDT
— FAFZ 7 Mid 1,000 BIFT » 72,

3. BRRUER
3.1 HREEIER
DSJ4 #kit 7 7 A ZHERBRE T 1 RO E TEH% L,
KEIZR2-3x0.6-0.8mm, - DEFHEEEEE (K
H 1) 13 DSJ4 Bk A& EE 5,000m O FE i Y445 50
MPa ¢, 10°C, 16 B5fEEEL, V vE V7 AFT VBT

FHT 4 TREZB T TH D, DSJABRIIFETD
% 0.1 MPa CEZE LISBES CTOMEREE LIEETY,
Bt R MmiE L OMRBHELIZR b Ith 15
3.2 48 - £{LPHEER
Photobacterium B ® % Type strain & DSJ4 #k D £ H
- {LRET, EHOEBERE CHERE TT\VEE
L7 (Table 1),
STokOx) vEATREELT=EF/ Y Q-8

TRQI%ETFELYWIIolke EFOEFREL,
Type strain 1. 25-6°C & 18°C T3 43 DSJ4 Frix 10°C &
€< 18°CLLETIREF TER V. TNTOHRTOF 7
A b I REESE A T LS, P angustum, P. histami-
num, DSJ4 O 3#IZ GAS EEITBE I NIh » 1,
DSJ4 #hiz A+ o £ — ¥, » £ 5 — ¥R T P dam-
selae, P. histaminum, P. phosporeum & ERETH -T2
DSJ4 ¥kl o> Type strain &3 5 Sk A v F— Ak
BEL, 012074 (€7 VFD 7757V & viEEdAk 0129
X AMHE) 2T A, BRI, TaAF= oA
Feb— SRR BT v FaLfs s s —
¥, Ar=FvFhsrRFErs—tERAbhik\\WA, &£
B - £{bERBROERET TR A &, P histaminum 53
—H/HEAZRLEZ ORI,

£ 1 DSJ4 £t & Photobacterium |80 FEAR Mk
Table 1 Characteristics of the strain DSJ4 and Phofobacterium reference strains.

Characteristics P. angustum

ATCC 259157 ATCC 33539"

P. damselae P. histaminum P. leiognathi P. phosphoreum  Strain
JCM 8968 ATCC 255217 ATCC 110407  DSJ4

Quinone Q-8 Q-8(90%) Q-8(90%) Q-8(90%) Q-8 Q-8(95%)
Q-7(10%) Q-7(10%) Q-7(10%) Q-7(5%)
Optimum temp. (°C) 25 26 26 26 18 10
Optimum press. (MPa) 0.1 0.1 0.1 0.1 0.1 10
Motility + + + + + +
O/F test F F F F F F
Gas produced: Glucose . + - + + 2
Catalase - + + 5 + +
Oxidase - + + S + +
Production of H.S - . " » - -
Production of Indole " . - - - +
Nitrate reduced - + 4 + + +
Nitrite reduced . . . - . z
O/129 sensitivity:
10ug + + - + + -

150ug + + + + + -
Arginine dihydrolase + & + o P 4
Lysine decarboxylase . - s z . e
Ornithine decarboxylase 2 = . . 2 :
Glutamine decarboxylase = < " g 5 .

+:positive -:negative F: fermentation
JAMSTEC J. Deep Sea Res., 13 (1997) 565



3.3 BhEEHOELE
Photobacterium |& @ & Type strain & DSJ4 ¥ O &AL

HEOWTIX I U LDEEXHB LIch, TOFTHE
HKEITEVW DDA, BEELE LY 23E B EATE
E ¥ iz (Table 2),

& T OBEMNEIL Lz DA glycogen, D-glucose, mal-
tose, D-mannose T, D—galactose & glycerol (3 P. phos-
phoreum LI EL Lz, TXTOBKRMBEILLghH -
72®it, adonitol, L-arabinose, myo-inositol, D-lactose,
D-raffinose, L-rhamnose, D-sorbitol T® -7z, DSJ4
RO ZDET D FE L BE O tween 80 & D-Man-
nitol T, W&t H Sk 7z H> - T2 D H N-acetyl-D-
glucosamine & D-fructose, EDOELD &% — bt
Bk ES T STk - T,

3.4 H&ENshhBE AR

Photobacterium J& o Type strain @ JSRHEE AR 0 8%
ELTiL, 16:0L 16: 1 %2FERKTEL, ZDO2/H T
16D 50% L Exispi+% (Table3), LA L, DSJ4

BRI LRI D 16: 1 23 —F L\ gud @i, 16:0
DMEDEDOEG LT &4 iso-16: 0 & #t, 16:
1 LT3R TCTLED0B L ETich, flORERK
4% T DSJ4 BRk72 T E oDt iso-14: 0, iso-15: 0 #
LT20:5%F 2, 20:5i2 =14 24+ gz = v/(E
(EPA) &¢I ZPWECEEL S LRBRERE CHEHE
ENTHBYWETHB, Hi, DSJ4 ¥kr 613 30H-14
0,17:0, 17: 1 B Ehichh T ThBDOZ &,
o, HERFEEAE BE LA b fi D Photobacterium J& o
Type strain &L Ric->TCB 2 Enff- 7o,
3.5 16S—rRNA [C & %Rt & DNA DN, 7
g4 tE—3i a3

Clustal W # i » TEtE LA N] D0 RFEENIIEK 1 @
L51ic otz DSJARRIIV-H@ B T T H 325 Y
ADyHT IV —TFRME LI, TDOHRD Vibrio g
Photobacterium J&7¢c & D& ¥ 15 Vibrionaceae \Z A b,
Photobacterium B O OB Lz, = D Photobac-

terium J& D & Type strain & OO L+ B C,

Z 2 DSJ4 ¥k & Photobacterium ¥R O EGOE{LM
Table 2 Carbon utilization of the strain DSJ4 and Phofobacteriuum reference strains.

Carbon sources  P. phosphoreum  P. angustum

ATCC 11040" ATCC 259157

P. leiognathi  P. histaminum
ATCC 255217

P. damselae Strain
JCM 8968 ATCC 335397 DSJ4

glycogen + +
Tween 40 + -
Tween 80 - =
N-acetyl-D-
galactosamine
N-acetyl-D-
glucosamine
adonitol
L-arabinose - -
cellobiose -
D-fructose +
D-galactose -
o-D-glucose +
myo-inositol
o-D-lactose
maltose

+
D-mannitol ”
+

- +

+ + +

D-mannose
D-raffinose
L-rhamnose 5 .
D-sorbitol -
SUCrose -
D-trehalose -
turanose -
glycerol .

T I R

+ 4+ o 4

+ + + +
- + + +
- - - +

+ + + -

+ + + 4
+ + + +

I T B
=4 1 4
I L
o+ o+ o+

+
+ + +
+

+:positive -:negative
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Z 3 DSJ4 £k & Photobacterium [& OREIHEES #T

Table 3 Fatty acid compeositions of the strain DSJ4 and Phofobacterium reference strains.

% of total fatty acids
12:0 12:0 13:0 14:0 14:0 14:1 14:0 15:0 15:0 16:0 16:0 16:1 17:0 17:1 18:0 18:1 20:5
Strains 30H iso 1S0 30H iso S0 (w 3)
P. phosphoreum 6 9 11 ] 3 25 40 3
ATCC 110407
P. leiognathi 5 6 7 1 2 24 34 15
ATCC 25521°
P. angustum 6 8 3 1 3 19 36 7
ATCC 259157
P. damselae 4 6 5 2 2 20 31 23
ATCC 33539"
P. histaminum 3 6 9 1 2 25 44 o
JCM 8968
Strain 2 5 2 4 3 3 2 15 9 32 9 13
DSJ4
Escherichia coli
297 201 Aeromonas hyvdrophila
708 | Shewanella puterifasiens
Alteromonas macleodii
" — Photobacterium angustum
494 Photobacterium phosphoreum
499_|7 Photobacterium leiognathi
08 DSJ-4
1000C Photobacterium damselae
L Photobacterium histaminum
Photobacterium fischeri
L §76 Vibrio anguillarum
gs Vibrio diazotrophicus
Vebrio nereis
ol T Vibrio parahaemolyticus
9ol — Vibrio harvevi

Vebrio campbellii

508
9‘57-[ Vibrio alginolyticus

0.02 Ko

K1 FeFa2F 9w a s ra—7okks DSI4 #kO 165 rDNA @R FRLINC RS RIS (NJ B L 0 (FRD
Fig. 1 Phylogenetic tree showing the relation ship of amplified DSJ4 165 rDNA within the Proteobacteria y- subgroup using
the neighbor-joining method. The scale represents the average number of nucleotide substitutions per site. Bootstrap
values are show for frequencies above the threshold of 50%.
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¥ 4 DSJ4 Bk & Photobacterium @ DNA oA

Table 4 Levels of homology for the chromosomal DNAs of strain DSJ4 and Photlobacterinim reference strains.

GC% % Homology with DNA from:

Strains ATCC 259157 ICM 89687 ATCC 255217 ATCC 11040 ATCC 33539" DSJ4
P. angustum 39.6 100 30 34 24 25 21
ATCC 259157
P. histaminum 41.8 22 100 17 16 65 16
JCM 89687
P. leiognathi 39.7 46 28 100 25 23 20
ATCC 255217
P. phosphoreum  39.1 43 37 24 100 225 21
ATCC 110407
P. damselae 41.8 28 66 19 19 100 20
ATCC 335397
Strain 42.0 28 28 18 20 19 100
DSJ4

Photobacterium J& D THIT Lo xR L7,

Photobacterium J& D % Type strain & DSJ4 £k DNA
ODGCEEXHITEL, DSJ4A KD GCEEi3142% T
P. damsela, P. histaminum 2 IZIERE U TH -7z, Fizo,
Photobacterium B&E 0 GCEEL 39-42% L B< ¥ &
F - Tuvis,

Z b 5 & Photobacterium B Type strain & DNA-
DNA ~qM 7Y £14 €¥—> 3 v&{T-7% (Tabled),
DSJ4 # % Photobacterium J& @ % Type strain & ,
DSJ4 % 7 » — 7 LB/ E R AT 214, DSJ4 #EE
L7cBE THRAMEL28% T, EKW-HERE L R &g
Moti, X277 ) 7TICEWCHEE 70%LL L0854,
— A E]—H & AT T o DSJA L ZDPIE L X% H
CAE 28 LR & e nfol Emb by LicET
H5HIEXRMT T B,

3.6 Photobacterium BOEBICHT H2ENHD
7

it F= P A B DSJ4 Bk o3 Photobacterium JB = 7358 &
HLENE-T, Lo, ZOXEFTICKT SHMEMT
Photobacterium @i B DB e DHy, DSJ4 BRiCBR &
NICHELOLBE A T5 LELH B, & Type strain
& DSJ4 BRDAEF T HE OB A et |-, 25
mELTh Zh oo E#HRBREC, HECH 0.1
MPa &R 1,000 m O T 244 % 10 MPa 7+ 5,
PRIE 5,000 m DI 1 #1444 % 50 MPa ¥ ¢ o hnfFE &
¢ 24 BEEITT - 7o,

568

DSJ-4 iz 50 MPa ¥ C, EJJOREYFITH &
e IBIER UHFECEE LTV 0% L, il Pho-
tobacterium J& © Type strain 2 E IO E A Z1, n
45 LichA 2B EEIH A (K2), &
= & b5 Photobacterium J& X TN EM % R34t
TiLic\ W ENE -1z,

4, ¥ & &

DEDRERY ¥ LoD EHRBREBEEE 5110 m H %
IR v A hbIiFEE T, BETCLMETCh BIF
CHEBTLHEN/TESHMEEME DSJ4 % 58 L 17,

DSJ4 #kik 7 7 @t C, 1 KOWECTHEEEL
BET, K&X12-3%x0.6-08um, 2FOEHEE L
10°C, 7/ va4q4 g% 7 v Q-8 %L, DNA®D
GC E®IxF42% TH » 1o OF 7 A b TILLEEEM % 7~
Lichy, GASHAERBE IR/, AF v & —1, »
2o -G TT L BEF o5 —EEMNLT A F =
DRENE i P

DS]-4 ¥kOBEEfE L D 165 1rRNA ~— 4 v 2ok %
AU O 0 FAFRINLE 3 Photobacterium J@i-AriE L 7=,
LA L, BLENHE O Photobacterium BHI & + 11 4 (4
DNA OEFHEA 3026 LA T S K <, 0129 fitt:, Tween
80 ~ Mannitol D&, EPA A kT 4 /c & o 5 CR
e T R

Lo = a6, DSJ4 Bku Bt Photobacterium &
DEE LI, € LT, COBRNEEOEERIhC b

JAMSTEC J. Deep Sea Res., 13 (1997)
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Fig. 2 Growth profiles of Photfobacterium species and strain DSJ4 at several pressures.

(2 % Ie A T BT Photobacterium profundum & U CIRE
T 5,

E | &¥
EBECAMIERIT I Y0, BREREE CTOEIEDEE
Hure ExAT - Cuiciinic T LA D 6500 T —
AROTEZTHEMED SR A B L ETF T,
¥, BYBEEEREEORBRPC SRR VWi icE
L AERRE (TR R s L BT £,
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Photo 1 Transmission electron microscopy of a negatively
stained cell of strain DSJ4,
Bar=1 um
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