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Characterization of the base collection strains preserved in the
Marine Microorganism Division, a sub-bank of the Microbial

Culture Collections, Fish Research Agency."

Motoharu UCHIDA *, Yoko SATO"’, Masakazu MURATA" and Ryoji MATSUSHIMA **

Abstract The Applied Microbiology Section in the National Research Institute of Fish-
eries Science is nominated as a Microbial Culture Collections Sub-Bank of the Gene Bank
in the Fisheries Research Agency (FRA) and keeps a collection of fifty strains of bacteria
and yeast as of May 2002, that are in preparation to be utilized as open cultures.
Microbiological characterization was carried out with these collections to assist future
culture utilization. The study was conducted using several commercial kits including NF-
18 test (for gram negative microorganisms), NF-20 test (for gram positive microorgan-
isms), APIS0CH test, and API zym20 test in addition to conventional phenotypic
characterization. The partial nucleotide sequences of 16S rRNA gene (for bacteria) and
18S rRNA gene (for yeast) were also determined and submitted to DDBJ. Based on all the
obtained results, tentative identification was conducted for the current fifty FRA collec-
tions.

Key Words: characterization, FRA culture collection, marine microorganism, micro-
organism Sub-Bank of FRA
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Table 1. List of 50 strains tested in the present study
Strain No. g}t/rrillor(l)l Characeristics Isolation source Recommended culture media Culg-lre Ref.*!
FRA000001  AR03  Able to decompose Laminaria thallus  Seawater, at Yokosuka Marine Agar 20 1
FRA000002 ARO06  Able to decompose Laminaria thallus  Seawater, at Yokosuka Marine Agar 20 é:é:?:g’
FRA000003  ENO02 Able to decompose Laminaria thallus Seawater, at Shimizu Marine Agar 20 1
FRA000004  ENO06 Able to decompose Laminaria thallus Seawater, at Shimizu Marine Agar 20 1
FRA000005  ENO09 Able to decompose Laminaria thallus Seawater, at Shimizu Marine Agar 20 1
FRA000006  EN10 Able to decompose Laminaria thallus Seawater, at Shimizu Marine Agar 20 1
FRA000007 HAO02  Able to decompose Laminaria thallus Seawater, at Hakodate Marine Agar 20 1, 8
FRA000008 HAO03  Able to decompose Laminaria thallus Seawater, at Hakodate Marine Agar 20 1
FRA000009 HAO04  Able to decompose Laminaria thallus Seawater, at Hakodate Marine Agar 20 1
FRA000010 HASa  Able to decompose Laminaria thallus Seawater, at Hakodate Marine Agar 20 1
FRA000011  HAS5Sb  Able to decompose Laminaria thallus Seawater, at Hakodate Marine Agar 20 1
FRA000012 HAO06  Able to decompose Laminaria thallus Seawater, at Hakodate Marine Agar 20 1
FRA000013 HAO07  Able to decompose Laminaria thallus Seawater, at Hakodate Marine Agar 20 1
FRA000014 HAO08  Able to decompose Laminaria thallus Seawater, at Hakodate Marine Agar 20 1
FRA000015 HAO09  Able to decompose Laminaria thallus Seawater, at Hakodate Marine Agar 20 1
FRA000016 ~HA10  Able to decompose Laminaria thallus Seawater, at Hakodate Marine Agar 20 1
FRA000017  HOO02  Able to decompose Laminaria thallus Seawater, at Kushiro Marine Agar 20 1
FRA000018 HOO08  Able to decompose Laminaria thallus Seawater, at Kushiro Marine Agar 20 1
FRA000019  KYO01  Able to decompose Laminaria thallus Seawater, at Yosa Marine Agar 20 1
FRA000020 KY09  Able to decompose Laminaria thallus Seawater, at Yosa Marine Agar 20 1
FRA000021 NAO8  Able to decompose Laminaria thallus Seawater, at Saeki Marine Agar 20 1
FRA000022  SE02 Able to decompose Laminaria thallus Seawater, at Hirado Marine Agar 20 1
FRA000023  SE04 Able to decompose Laminaria thallus Seawater, at Hirado Marine Agar 20 1
FRA000024  SUO1 Able to decompose Laminaria thallus Seawater, at Shimonoseki Marine Agar 20 1
FRA000025 YOO02  Able to decompose Laminaria thallus Seawater, at Watarai Marine Agar 20 1
FRA000026  YO04  Able to decompose Laminaria thallus Seawater, at Watarai Marine Agar 20 1
FRA000027 HA-22  Able to decompose Laminaria thallus Seawater, Hakodate Marine Agar 20 9
FRA000028 HA-23  Able to decompose Laminaria thallus Seawater, Hakodate Marine Agar 20 9
FRA000029 HA-91  Able to decompose Laminaria thallus Seawater, Hakodate Marine Agar 20 9
FRA000030  KU-5 Able to decompose Laminaria thallus Seawater, Kushiro Marine Agar 20 9
FRA000031 KU-42  Able to decompose Laminaria thallus Seawater, Kushiro Marine Agar 20 9
FRA000032 KU-71  Able to decompose Laminaria thallus Seawater, Kushiro Marine Agar 20 9
FRA000033  B5201 Able to ferment seaweed Fermented Ulva spp. MRS, BCP Plate Count Agar 20 10
FRA000034  B5202 Able to ferment seaweed Fermented Ulva spp. MRS, BCP Plate Count Agar 20
FRA000035  B5406 Able to ferment seaweed Fermented Ulva spp. MRS, BCP Plate Count Agar 20
FRA000036  B5409 Able to ferment seaweed Fermented Ulva spp. MRS, BCP Plate Count Agar 20
FRA000037 FSB101  Dominant in Silver carp-fish source Silver carp-fish sauce  Modified MRS(7%NaCl, pH7.8) 20 11
FRA000038 FSB105  Dominant in Silver carp-fish source Silver carp-fish sauce = Modified MRS(7%NaCl, pH7.8) 20 11
FRA000039 FSB401  Dominant in Silver carp-fish source Silver carp-fish sauce  Modified MRS(7%NaCl, pH7.8) 20 11
FRA000040 FSB404  Dominant in Silver carp-fish source Silver carp-fish sauce  Modified MRS(7%NaCl, pH7.8) 20 11
FRA000041  A0201 Dominant in fermented Undaria Fermented Undaria Standard Method Agar 20
FRA000042  A1102 Dominant in fermented Undaria Fermented Undaria Standard Method Agar 20
FRA000043  A1501 Dominant in dried Undaria products (g:ri(rlr:é?cgln rpt?(t)liildci) Standard Method Agar 20
FRA000044 A1513 Dominant in dried Undaria products ([(Jj,;i?r;l;cl:i):lln;:filijt) Standard Method Agar 20
FRA000045 Y4101 Able to ferment seaweed Fermented Ulva Sabouraud Agar 20
FRA000046 Y5201 Able to ferment seaweed Fermented Ulva Sabouraud Agar 20 10
FRA000047 Y5206 Able to ferment seaweed Fermented Ulva Sabouraud Agar 20 10
FRA000048 Y5207 Able to ferment seaweed Fermented Ulva Sabouraud Agar 20
FRA000049 Y5317 Able to ferment seaweed Fermented Ulva Sabouraud Agar 20
FRA000050 Y5318 Able to ferment seaweed Fermented Ulva Sabouraud Agar 20

*!1 1, Uchida and Nakayama (1993); 2, Uchida (1995); 3, Uchida; (1996); 4, Uchida and Kawamura (1995); 5, Uchida and Numaguchi (1996); 6, Uchida et
al. (1997a); 7, Uchida et al. (1997b); 8, Uchida et al. (2002); 9, Uchida et al. (1995); 10, Uchida and Murata (2002); 11, Uchida et al. (2001).
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Table 2. Phenotypic characteristics of the tested strains

Growth temp. (C) NaCl conc. (%)

Strain No. Gslt:rrll Cell shape Motility Flagellar Spore OF Oxidase Catalase Pigment 49030 35 40 45 50 0 25 5 10
FRA000001 - Short rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000002 - Rod + Polar - (0] + + - + o+ o+ - NTNT - + - NT
FRA000003 - Short rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000004 - Short rod + Polar - (0] + + - + + + - NTNTNT - + - NT
FRA000005 - Rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000006 - Short rod + Polar - (0] + + - + + + + NTNTNT - + + NT
FRA000007 - Short rod + Polar - (0] + + - + + + - NTNTNT - + - NT
FRA000008 - Short rod + Polar - (0] + + - + + + - NTNTNT - + - NT
FRA000009 - Short rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000010 - Short rod + Polar - (0] + + - + + + - NTNTNT - + - NT
FRA000011 - Short rod + Polar - (0] + + - + + + - NTNTNT - + - NT
FRA000012 - Short rod + Polar - (0] + + - + + + - NTNTNT - + - NT
FRA000013 - Short rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000014 - Rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000015 - Short rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000016 - Short rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000017 - Rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000018 - Short rod + Polar - (0] + + - -+ - - NTNTNT - + - NT
FRA000019 - Short rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000020 - Short rod + NT - - - + - + + + + NTNTNT - + - NT
FRA000021 - Rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000022 - Short rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000023 - Short rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000024 - Short rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000025 - Rod + Polar - (0] + + - + + + + NTNTNT - + + NT
FRA000026 - Short rod + Polar - (0] + + - + + + + NTNTNT - + + NT
FRA000027 - Rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000028 - Rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000029 - Rod + Polar - (0] + + - -+ + + NTNTNT - + - NT
FRA000030 - Rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000031 - Rod + Polar - (0] + + - + + + + NTNTNT - + - NT
FRA000032 - Rod - - - (0] + + Yellow - + + + NTNTNT - + - NT
FRA000033  + Rod - - - F - - - NT + + + + NTNT - + + NT
FRA000034  + Rod - - - F - - - NT + + + + NTNT - + + NT
FRA000035  + Rod - - - F - - - NT + + + + NTNT - + + NT
FRA000036  + Rod - - - F - - - NT + + + + NTNT - + + NT
FRA000037  + Tetsrggls”toffogéirs - - F - - - NT+ + + + NINT - + + +

FRA000038  + Tetsrggls”toffogéirs - - - F - - - NT+ + + + NINT - + + +

FRA000039  + Tetsrggls”toffogéirs - - - F - - - NT+ + + + NINT - + + +

FRA000040  + Tetsrggls”toffogéirs - - - F - - - NT+ + + + NINT - + + +

FRA000041  + Rod + NT + - - + - NT+ + + + + - + + + NT
FRA000042  + Rod + NT + - - + - NT+ + + + + - + + + NT
FRA000043  + Rod + NT + - - + - NT+ + + + + - + + + NT
FRA000044  + Rod + NT + - - + - NT+ + + + + - + + + NT
FRA000045 + Spherical~slightly oval - - + F - + - NT + + + + NTNT + + + -

FRA000046  + Spherical~slightly oval - - + F - + - NT + + + + NTNT + + + -

FRA000047  + Oval - - - F - + - NT + + + - NTNT + + + -

FRA000048  + Oval - - - F - + - NT + + + - NTNT + + + -

FRA000049 + Spherical~slightly oval - - NT F - + - NT + + + + NTNT + + + -

FRA000050 + Spherical~slightly oval - - NT F - + - NT + + + + NTNT + + + -

NT: Not tested
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Table 3. Results of the NF-18 tests

Strain No. GLU FRU MLT GAL XYL MAN SUC LAC ESC URE CIT ONPG LDC ADH ODC IND NIT GEL
FRA000001
FRA000002
FRA000003
FRA000004
FRA000005
FRA000006
FRA000007
FRA000008
FRA000009
FRA000010
FRA000011
FRA000012
FRA000013
FRA000014
FRA000015
FRA000016
FRA000017
FRA000018
FRA000019
FRA000020
FRA000021
FRA000022
FRA000023
FRA000024
FRA000025
FRA000026
FRA000027
FRA000028
FRA000029
FRA000030
FRA000031
FRA000032

+
+
+
+
+
+
+
+
+

+ o+ + o+
+ o+ + o+
'
+ +
+ o+ o+ o+ o+
Lo+ o+ o+
[ I S|
'
+ o+ +
+ o+ +

\
+ + + + [+ + +
\

\

\
+
\

+ o+ o+ o+ o+ o+
+
Lo

+ o+ o+ o+ o+ o+

,
+ o+
,
,

+ + 4+ 4+ + + + + +
H+ FHHFHFHFHFHFRF+ +

I T T e

,
,

,
+ o+ o+ o+ o+
+ o+ o+

WM+ H+ O e+

+ + 4+ + 4+ H++ + A+ H+ o+
\
+ + + + +
\

+ o+
,
,
+
+

B S e T S e e S e S S S

B T S e e =
B T S e e =

,
,

+ o+ o+ o+ o+
+ o+ o+
,

+ o+ o+ o+
+ o+

B S T i S e e e S S S
B S T i S e e e S S S

+ o+

+
H++ H+ + + + ++
H++ H+ + + + -+ +
++ + + + + + + +

+ + 4+ + + [+
+ + + + + + +

+
+

B S i S S S T T T T T T T S S S S
B S i S S S T T T T T T T S S S S
B S i S S S T T T T T T T S S S S

+
+ o+ o+

,
+ o+ o+ o+ o+t
+ o+ o+
+ o+ o+ o+ o+t
+ o+ o+ o+ o+t
[+
I+
[+
,

+; positive, *; not clear, -; negative. GLU; glucose test, FRU; fructose test, MLT; maltose test, GAL; galactose
test, XYL; xylose test, MAN; mannitol test, SUC; sucrose test, LAC; lactose test, ESC; esculin test, URE; urease
test, CIT, citrate test, ONPG; ortho-nitrophenyl- 8 -D-galactopyranoside test, LDC; lysine decarboxylase test,
ADH; arginine dehydrolase test, ODC; ornithine decarboxylase test, IND; Indole test, NIT; nitrase test, GEL;
gelatin test. Test plates were cultured for 5 days at 20°C.

Table 4. Results of the EB-20 tests

Strain No. H2S ESC PPA IND VP CIT LDC ADH ODC ONPG URE MALO ADO INO RAFF RHA SOR SUC MAN ARA
FRA000033 - -+ - - - - -  + -
FRA000034 -  +
FRA000035 -  + -
FRA000036 -  +

FRA000037 - - -
FRA000038 -
FRA000039 -
FRA000040 -
FRA000041 -
FRA000042 -
FRA000043 -
FRA000044 -
FRA000045 -
FRA000046 -
FRA000047 -
FRA000048 -
FRA000049 -
FRA000050 -

+; positive, &; not clear, -; negative. H2S; Hydrogen sulfide test, ESC; esculin test, PPA; phenylalanine test, IND;
Indole test, VP; Voges Proskauer test, CIT; citrate test, LDC; lysine decarboxylase test, ADH; arginine
dehydrolase test, ODC; ornithine decarboxylase test, ONPG; ortho-nitrophenyl- 8 -D-galactopyranoside test,
URE; urease test, MALO; malonic acid test, ADO; adonite test; INO; inositol test, RAFF; raffinose test, RHA;
rhamnose test, SOR; sorbitol test, SUC; sucrose test, MAN; mannite test, ARA; levo-arabinose test. Test plates
were cultured for 5 days at 20°C.
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APl zym20E&

Table 6 12 API zym20iEk DFE R % 7/RT,

F— v ENETBICH0, BIESEEFITHO>VT,
FRA000001#%, FRA0000058:% & 'FRA000045%F % f
FLLT, HTFoMETEMA I, £9°, MBEOFHEE
I2WT, B 2 BEE AL & L CMarine Broth#X
B CREEBBEA R R & L - THllam i e B L 7«
56 &~ 3 v TR THEE R R LRI X DR
L CHulR s 2 B L e & TR Lz, Tk
R, 2RO G L bRIE QA VBRI OBGIEE A%
WERDSZRD SN Tz, F 1o~ T v TiRIRIE TR
EOCMLERIC X 0 B L TRk & R iR
ARG E LTl Lic, T ofER, 1313E UK
R, FHRIE O A PEBHIAE N 125 @M1 H -
720 BRUBNBESLMIT > W TIE, 20°C24H5 & 35°C 4 B
filE T L7c, 2R, #khic X v ETEtEE
IKEWRA SN, a2 el & 3 51
Bl - T A, 200CURRIKILDO T BETEN S
RIR D - 72 DL ORETHFER 2 £ 2, ERFAREE
HMehEE L tERER S & > TS L cHERSRR %
PBREURL & U, UGBSRM1F20°C24R5[E & L Tt 3
ZEERREARLE L, BFRA000037T#~FRA000040%k
13, HEREEEDE W C & 2ERE L CTRURSEH1320°C43
PR & L 7o,

16S rDNAH L T'18S rDNADIRAECHIICE DL VizkE
BREORRLRATEESR

HBERIZ O W T16S rDNAB & 8185 rDNA D4y
B2 RE L, DDBJICE#R L CHcT7 7 &y ¥ a v
F5 % Table TICFRHE L 700 & SICHRE S NI
F|ZBLASTRZFRIC ) itz /R g & & b, il
B QKLY & HhET 2 AR ER L 7, [FER,
rDNA O R T D15 & MR O #5 R S
BHHIWT L TFT - 720 FRA0000038, FRA0000044%,
FRA000023%k, FRA000024%% (%, FEREAE T & 0 HIWT L
rRBREHRRIcB VT, < v/ =G, 7
7 b =X TH B T & H 5 Pseudoalteromonas
haloplanctis & [A]5€ & 17z (Ivanova et al., 2001),
FRAO000005%k (2, 16S rDNA O % 386115 F @ B 1]
(AB106188) LS WTF =4 N— 2 L TR L 7oix
AT 43 HE (3 Pseudoalteromonas citrea T& - 12h3, < v
s — AR, 5o b — =g, b rose -2 atkET
» % T & h 5 Pseudoalteromonas carraginovora & ¥
ERNCEE L 7z (Sawabe et al., 2000), FRA000017
BR~FRA000019%k, FRA000022%, FRA000027# i,
<~ v/ =R, T Z 0 b= 2B, R v — X,
2V — R, Svax— rEE, FLoo— 2

HTdh B & D B Pseudoalteromonas elyakovii & [A]
E SN (Sawabe et al., 2000), FRA000025%k,
FRA000026%% 1%, <= v / — 2Bk, 7757 b — R[G5,
T b= Rk, 27 o — R, <L b — R
Tdh 5 T & I» 5 Pseudoalteromonas tetraodonis & [A]
E SN (Sawabe et al., 2000), FRA000028#k,
FRA000030#k, FRA000031#k %, Bergey's Manual
(Baumann et al., 1984) Zid#k s oMk & b L
TAlteromonas macleodii & [RIE S Nz, HIEEICD
WTIE, Bergey's Manual (Kandler and Weiss,
1984) B LU Collins et al. (1990) 1T L Dl N7z
AR &b L CTTable 70 & BYEE SNz,
FRA000041#k, FRA000043#% 1%, Claus and Berkeley
(1984) T & b igdk < /o PEIR & i U T Bacillus
cereus & [A5E & 7o, FRA0000461%, FRA000047#E (1,
The Yeast (Kurtzman and Fell, 1998) i
7o ¥R & I # L T Debaryomyces hansenii  var.
hansenii L [AIE S N7, D @2Fkic> W Tid, 40
DRERT — 7 12 TREE TORENTE LD - 1,
INSOHOBEORIEICS>VTIE, LOERDOKEL
BT QIR OIRENVLELEEL b,
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Table 6 Results of the API zym20 tests
Enzymes Test method

% 'g 'g E’ E % [} [} % © D %

B o~ = g T e @ v g @ 2 3 o
Strain No. Q% S 3 = i‘; i‘; i‘; % é ﬁ.% TE TE E 78 % 'E 2 ,§ . Reacted

g v v o2 2 2 g 2®2EZ 7 5§ g T @f & T Sample preparation conditions

< R 5 5 258 8 5 ¢ % —E £ ¢

S 2 O ) = g B Rz a g g 5 = S >3 = <

= 8 8 8 £ £ 5 & B g2 § 2 B 2 885 £

=R - T T S T - e S e

< B @ 3 3 P> O H O <4 Za 8 QU 2 3 2z 3 3
FRA000001 + + o+ * 4+ 4w £ - - 4w 4w - - 4w - - - - Cells 20°C 24h

+ e e - - Cells (L)*' 20°C 24h

+ - +£ -+ - . - - - - - - Cells (L)' 35C 4h

E T Culture sup.(L)** 20°C 24h

= = R Culture sup.(L)** 35C 4h
FRA000002 + AW W W+ + + o+ o+ o+ -+ - - - £ Cells 20°C 24h
FRA000003 + 4w +W +W + +  + + o+ o+ o+ o+ o+ -+ - - - - Cells 20°C 24h
FRA000004 + 4w 4+ +W o+ o+ + o+ o+ o+ o+ o+ -+ - - - - Cells 20°C 24h
FRA000005 + +w + +w + + + + + + + +W + - o+ - - - - Cells 20°C 24h

+ £ o+ -+ - - - - AW+ - - - - - e e Cells (L)*' 20°C 24h

+ £ o+ -+ - - - -+ - - - - e e e Cells (L)*' 35C 4h

E e e Culture sup.(L)** 20°C 24h

+ - £ - o+ - - - - £ o+ - - - - - - Culture sup.(L)** 35C 4h
FRA000006 + +w + +w + + + + + + o+ - - -+ - - - - Cells 20°C 24h
FRA000007 + + + - + + + +W + + 4+ + + - +W +W - - - Cells 20°C 24h
FRA000008 + + + * + + + +w + + + + + X + 4+ - - - Cells 20°C 24h
FRA000009 + + + - + + + +wW + + + + + - o+ o+ - - - Cells 20°C 24h
FRA000010 + + + * + + + +w + + + + + - + 4w - - - Cells 20°C 24h
FRA000011  + + + - + + + +W +W - + + +W - +W +W - - - Cells 20°C 24h
FRA000012 + + + * + + +w +w + + + + + - + 4+ - - - Cells 20°C 24h
FRA000018 + +w + - + + + +W +W + + + + - +W +W - - - Cells 20°C 24h
FRA000014 + + + - + + + + + + + - - -+ - - - - Cells 20°C 24h
FRA000015 + + + * + + + +w + + + + + - + 4+ - - - Cells 20°C 24h
FRA000016 + + + - + + + +wW + + + + + - o+ o+ - - - Cells 20°C 24h
FRA000017 + + + * + + + + + + + + + - + - - - - Cells 20°C 24h
FRA000018 + + + - + + + + + + + + o+ -+ - - - - Cells 20°C 24h
FRA000019 + + + - + + + + + + + 4w - -+ - - - - Cells 20°C 24h
FRA000020 + + + - + £ £ - -4+ 4w 4w 4w 4+ £ £ £ Cells 20°C 24h
FRA000021 + + + £ + + +w * * 41w +w - + £ + +w - - - Cells 20°C 24h
FRA000022 + + + * + + + + + + + £ £ - 4+ - - - - Cells 20°C 24h
FRA000023 + + + - + + + + + + + + + -+ - - - - Cells 20°C 24h
FRA000024 + + + - + + + + + + + + + - £ - - - - Cells 20°C 24h
FRA000025 + + + - + + + + + 4+ o+ - - - - - - - - Cells 20°C 24h
FRA000026 + + + - + + + + + + 4+ - - - 4w - - - - Cells 20°C 24h
FRA000027 + + + - + + + + + 4+ 4+ o+ o+ -+ - - - - Cells 20°C 24h
FRA000028 + + + +w + + + + + + 4+ + + - o+ +W - - - Cells 20°C 24h
FRA000029 + + + - + + + +w £ + + - - - - - - - - Cells 20°C 24h
FRA000030 + + + - + + + + + + + + + - +w £ - - - Cells 20°C 24h
FRA000031 + + + + + + + + + + + == £ - -+ - - - Cells 20°C 24h
FRA000032 + + + - + + + + + + + - + - + + + + = Cells 20°C 24h
FRA000033 +w + + £ + + + * = + + + + + + + - - - Cells 20°C 24h
FRA000034 +w + +w +w + + + * + + + + + 4+ + + - - - Cells 20°C 24h
FRA000035 + + + +w + + + = + + + £ 4+ £ 4+ 4w +w - + Cells 20°C 24h
FRA000036 + +w + * + + +w * + + + - + - + 4+ 4w - + Cells 20°C 24h
FRA000037 + + + == + - - - £ 4+ 4+ - - - - - - o Cells 20°C 43h
FRA000038 - HW W W+ + W - - 4w+ - - - 4w+ - - - Cells 20°C 43h
FRA000039 - - - -+ 4w - - - -+ - - - - - - - - Cells 20°C 43h
FRA000040 - - - - 4w oW - - - 4w oW - - - - 4w - - - Cells 20°C 43h
FRA000041 - 4w oW -+ - - F 4w ow - - -+ - - - - Cells 20°C 24h
FRA000042 + + + - + + + +W +W + +W +W +W - +W +W +W +W +W Cells 20°C 24h
FRA000043 +w + + - + £ £ - -+ W - - -+ - - - - Cells 20°C 24h
FRA000044 + + + - + + + + 4+ 4+ +W W +W - +W +W +W +W +W Cells 20°C 24h
FRA000045 +w + + * + + +w - -+ W W - -+ o+ - - - Cells 20°C 24h

+ o+ 4+ T+ 4w odw o o+ - - - o o o oL Cells 35°C 4h
FRA000046 + + + - + + + - -+ o+ - - -+ o+ - - - Cells 20°C 24h
FRA000047 + + + + + + 4+ - - 4+ 4+ - - - - -4 - Cells 20°C 24h
FRA000048 + + + +w + + +w = = + + - - - - - 4 - . Cells 20°C 24h
FRA000049 + + + * + + + 4w - + + - - -+ o+ - - - Cells 20°C 24h
FRA000050 + + + *+* + + 4+ *+ £ 4+ 4+ - - -+ o+ - - - Cells 20°C 24h

* The bacterial cells were prepared by being cultured on a medium
9ml seawater, and 1ml distilled water, collected by centrifuge, and suspended in 2.5% NaCl solution.
* Supernatant was collected by centrifuge after culturing bacterial cells on a medium containing 0.1g L. ja
ponica, 9ml seawater, and 1ml distilled water.
+; positive, +w; positive but weak activity, &; not clear, -; negative.

containing 0.1g Laminaria japonica,
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Table 7. (1/2) Identification of the 50 strains tested in the present study

16S/18S No. of different Key
Strain No. rDNA Most neighbor species seq./determined characteristics ~ Concluded species References
Accession No. seq. (bp) (Utilization)
FRA000001 ﬁg%gg%gg Roseobacter sp. 5/271 Alpha proteobacteria
FRA000002 AB049728 Pseudoalteromonas atlantica 1/1424 5 ;lea”ndt‘g‘clfemm"”“s Uchida et al. 2002
Mannose+
Pseudoalteromonas haloplanktis, Galactose+ Pseudoalteromonas
FRA000003 AB105549 Pseudoalteromonas tetraodonis 0/320 Fructose+ haloplanktis Ivanova et al., 2001
Trehalose-
Mannose+
Pseudoalteromonas haloplanktis, Galactose+ Pseudoalteromonas
FRA000004 AB105550 Pseudoalteromonas tetraodonis 0/320 Fructose+ haloplanktis Ivanova et al., 2001
Trehalose-
Pseudoalteromonas atlantica, M _
FRAQ00005 AB106187 Pseudoalteromonas carrageenovora 0/262 Gaa]l;lcntc())ssee_ f;reruadoi(rlzlc’):ze)g(r)gwnas Sawabe et al., 2000
AB106188 Pseudoalteromonas citrea 1/861 Trehalose- o
FRA000006 ABI106189 Lseudoalteromonas elyakouvi, 11/1463 Pseudoalteromonas sp.
Pseudoalteromonas agarovorans
FRA000007 AB049729 Glaciecola punicea 37/1367 Glaciecola sp. Uchida et al. 2002
FRA000008 AB106190 Glaciecola pallidula 21/320 Glaciecola sp.
FRA000009 AB106191 Glaciecola pallidula 21/298 Glaciecola sp.
FRA000010 AB106192 Glaciecola pallidula 21/313 Glaciecola sp.
FRA000011  AB106193 Glaciecola pallidula 21/320 Glaciecola sp.
FRA000012 AB106194 Glaciecola pallidula 21/312 Glaciecola sp.
FRA000013 AB106195 Glaciecola pallidula 21/317 Glaciecola sp.
Pseudoalteromonas agarovorans,
FRA000014  AB106196 Pseudoalteromonas elyakovii 07317
Pseudoalteromonas distincta, hf:?trcl)(s)si_ Pseudoalteromonas sp. Sawabe et al., 2000
AB106197  Pseudoalteromonas elyakovii, 0/558
Pseudoalteromonas tetraodonis
FRA000015 AB106198 Glaciecola punicea 13/231 Glaciecola sp.
FRA000016 AB106199 Glaciecola pallidula 21/320 Glaciecola sp.
Pseudoalteromonas citrea,
FRA000017 ABL06200 Pseudoalteromonas distincta, 0/319 é\}/[almntosw
Pseudoalteromonas elyakovii, Sauiﬁocs)iT
Pseudoalteromonas_nigrifaciens Maltosesr Pseudoalteromonas Sawabe et al.. 2000
Pseudoalteromonas agarovorans, Gluconate- elyakovii "
Pseudoalteromonas distincta, L
AB106201 2 0/561 Citrate-
Pseudoalteromonas elyakovii, Trehalose-
Pseudoalteromonas_tetraodonis
Pseudoalteromonas agarovorans,
FRA000018 AB106202 Pseudoalteromonas citrea, 0/319
Pseudoalteromonas elyakovii Mannose+
Pooudoalt Galactose+
seudoalteromonas agarovorans, Suer
Pseudoalteromonas atlantica, Mlﬁltgz:: Pseudoalteromonas Sawabe et al., 2000
Pseudoalteromonas citrea, Gluconate- elyakovi
AB106203 Pseudoalteromonas distincta, 0/316 Citrate-
Pseudoalteromonas elyakouvii, Trehalose-
Pseudoalteromonas nigrifaciens,
Pseudoalteromonas tetraodonis
Pseudoalteromonas atlantica,
Pseudoalteromonas citrea, Mannose+
FRA000019 AB106204 Pseudoalteromonas distincta, 0/319 Galactose+
Pseudoalteromonas elyakovii, Sucrose+
Pseudoalteromonas nigrifaciens Maltose+ Z.ii‘ukdoc;aiéteromonas Sawabe et al., 2000
Pseudoalteromonas agarovorans, Ggig);l;te‘ .
Pseudoalteromonas distincta, rate-
AB106205 Pseudoalteromonas elyakouvii, 0/558 Trehalose-
Pseudoalteromonas_tetraodonis
FRA000020 AB106206 Halomonas marina 1/296 Halomonas sp.
FRA000021 AB106207 Marinomonas protea 10/305 Gamma proteobacteria
Pseudoalteromonas agarovorans, Mannose+
Pseudoalteromonas atlantica, Galactose+
Pseudoalteromonas citrea, Sucrose+ Pseudoalteromonas
FRA000022 AB106208 Pseudoalteromonas distincta, 0/220 Maltose+ ell akovii © Sawabe et al., 2000
Pseudoalteromonas elyakovii, Gluconate- id
Pseudoalteromonas nigrifaciens, Citrate+
Pseudoalteromonas tetraodonis Trehalose-
Pseudoalteromonas haloplanktis, Mannose+ Pseudoalteromonas
FRA000023 AB106209 Pseudoalteromonas tetraodonis 0/296 Fructose+  haloplanktis Ivanova et al., 2001
Pseudoalteromonas haloplanktis, Mannose+ Pseudoalteromonas
FRA000024 AB106210 Pseudoalteromonas tetraodonis 0/315 Fructose+ haloplanktis Ivanova et al., 2001
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Table 7. (2/2)

16S/18S No. of different Key
Strain No. rDNA Most neighbor species seq./determined characteristics  Concluded species References
Accession No. seq. (bp) (Utilization)
Pseudoalteromonas agarovorans,
Pseudoalteromonas citrea, Mannose-
Pseudoalteromonas distincta, Galactose+ Pseudoalteromonas
FRA000025 AB106211 Pseudoalteromonas elyakouii, 0/223 Fructose- totraodoni ° Ivanova et al., 2001
Pseudoalteromonas haloplanktis, Sucrose+ etraoaonts
Pseudoalteromonas nigrifaciens, Maltose+
Pseudoalteromonas tetraodonis
Pseudoalteromonas agarovorans, Mannose-
Pseudoalteromonas citrea,
FRA000026 ABL06212 Pseudoalteromonas distincta, 0,227 C;a“laclzosw Pseudoalteromonas I ¢ al. 2001
Pseudoalteromonas elyakovii, Sl UCLOSE- 4 ot rgodonis vanova et at.,
. ucrose+
Pseudoalteromonas haloplanktis, Malt
Pseudoalteromonas tetraodonis altose+
Pseudoalteromonas agarovorans, Mannose+
Pseudoalteromonas citrea, Galactose+ Pseudoalteromonas
FRA000027 AB106213 Pseudoalteromonas distincta, 0/277 Sucrose+ ell akovii © Sawabe et al., 2000
Pseudoalteromonas elyakovii, Maltose+ id
Pseudoalteromonas nigrifaciens, Citrate-
FRA000028 AB106215 Alteromonas macleodii 0/298 Alteromonas macleodii Ifggjlmann et al.,
FRA000029 AB106216 Glaciecola pallidula 22/307 Glaciecola sp.
FRA000030 AB106217 Alteromonas macleodii 0/303 Alteromonas macleodii Ifggjlmann et al.,
FRA000031 AB106218 Alteromonas macleodii 0/305 Alteromonas macleodii Ifggjlmann et al.,
FRA000032 AB106219 Cytophaga fucicola 0/105 Cytophaga sp.
FRA000033 ABO70607 Lactobacillus brevis 0/1475 Lactobacillus brevis ~ candler and Weiss,
FRA000034 ABI106341 Lactobacillus brevis 0/326 Lactobacillus brevis ~ candler and Weiss,
FRA000035 ABOT0609 Lactobacillus casei 0/1488 Lactobacillus casei  candler and Weiss,
FRA000036 ABI106342 Lactobacillus casei 0,328 Lactobacillus casei  Landler and Welss,
FRA000037 AB041347 Tetragenococcus halophilus 6/1491 }ffl% ;%fl”u‘foms Collins et al., 1990
FRA000038 AB106343 Tetragenococcus halophilus 0/316 }ffl% ;%fl”u‘foms Collins et al., 1990
FRA000039 AB041349 Tetragenococcus halophilus 5/1495 }ffl% ;%fl”u‘foms Collins et al., 1990
FRA000040 AB106344 Tetragenococcus halophilus 1/320 ,{Zgggﬁfl”u‘foccus Collins et al., 1990
FRA000041 AB106345 Bacillus cereus 0/1470 Bacillus cereus gl;‘ﬁsel:;(? 1984
FRA000042 AB106346 Bacillus sphaericus 12/1413 Bacillus sp.
FRA000043 AB106347 Bacillus cereus 0/258 Bacillus cereus gl;‘ﬁsel:;(? 1984
FRA000044 AB106348 Bacillus sphaericus 9/329 Bacillus sp.
FRA000045 AB106349 Debaryomyces hansenii var. hansenii 2/1752 Debaryplmyc“es . Kurtzman and Fell,
hansenii var. hansenii 1998
FRA000046 ABO070854 Debaryomyces hansenii var. hansenii 2/1752 i);gglerg?inz}yacis hansenii Il%télétzman and Fell,
FRA000047 ABO070855 Candida zeylanoides 8/1750 Candida sp.
FRA000048 AB106350 Candida zeylanoides 8/1750 Candida sp.
FRA000049 AB106351 Debaryomyces hansenii var. fabryi 6/1752 Debaryomyces sp.
FRA000050 ABO070856 Debaryomyces hansenii var. fabryi 6/1752 Debaryomyces sp.
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