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Four bacterial strains, SN-14T, SN-4, M6-46 and M6-58B, were isolated from water
of ponds of two salterns located in Huelva (Spain). They were Gram-staining-
negative, aerobic and slightly curved rods. Phylogenetic analysis based on 16S
rRNA gene sequences indicate that the four strains belong to the genus lIdiomarina,
being the most closely related species Idiomarina fontislapidosi F23T (98.4-98.0 %
sequence similarity), Idiomarina seosinensis CL-SP19T (98.3-98.0 %), Idiomarina
piscisalsi TPS4-2T (97.9-97.4 %), Idiomarina baltica OS145" (97.5-97.4 %) and
Idiomarina zobellii KMM 2317 (97.6-97.0 %). The similarity with the type species
of the genus, Idiomarina abyssalis KMM 2277 was 97.2-96.7 %. The novel strains
exhibited optimal growth at 5-10 % (w/v) total salts, pH 7 and at 37 °C. The major
fatty acids of strain SN-14T were iso-Ciso0 (30.4 %), is0-Ci7:0 (10.7 %), Cis
w7¢/Cis:1 w6c (7.3 %), Ci6:0 (7.1 %) and iso-C17:1 @9c/Cis:0 10 methyl (7.0 %0). The
DNA G+C content range was 47.6 to 50.8 mol%. The level of DNA-DNA
relatedness between strain SN-14T and I. fontislapidosi F23T was 13 %, while those
between strain SN-14T and the other four new isolates were between 77 and 99 %.
These data demonstrated that the four isolates constitute a new species of the
genus Idiomarina. Based on the phylogenetic, genotypic, phenotypic and
chemotaxonomic data, the four strains represent a novel species of the genus
Idiomarina, for which the name Idiomarina aquatica sp. nov. is proposed. The type

strain is SN-14T (= CCM 8471T = CECT 83607 = LMG 27613T).
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The genus Idiomarina was first proposed by lIvanova et al. (2000) and the genus
Pseudidiomarina was later established by Jean et al. (2006). Both genera belong to the
family Idiomarinaceae, within the order Alteromonadales, class Gammaproteobacteria
in the phylum Proteobacteria. In 2009 Taborda et al. proposed that the species
classified in the genus Pseudidiomarina should be transferred to the genus Idiomarina,
due to the inability to distinguish both genera from each other using the phenotypic or
chemotaxonomic characteristics examined. At the time of writing the genus Idiomarina
comprises 24 species with validly published names (Parte, 2014). Most of these species
were isolated from seawater samples and sea salt evaporation ponds. The species of the
genus Idiomarina stain Gram-negative, are motile rods, colonies are non-pigmented or
are slightly yellowish-coloured; NaCl is required for growth, showing a range between
0.5 and 25 % (w/v) NaCl and an optimum growth in media containing from 1 to 10 %
NaCl. They are strictly aerobic, catalase and oxidase positive. Ubiquinone 8 is the major
respiratory quinone. The DNA G+C content ranges from 45 to 54 mol% (Taborda et al.,

2009).

In this study, we describe the isolation and taxonomic characterization of four novel
moderately halophilic bacteria from two salterns located in Huelva (Spain) and the data
suggest that they constitute a novel species of the genus Idiomarina. The
characterization of these strains was achieved by following a polyphasic approach,
including conventional phenotypic features, chemotaxonomic data (polar lipid, fatty
acid and quinone composition) and molecular analysis (16S rRNA gene sequence

similarity and DNA-DNA hybridization).

Strains SN-14T and SN-4 were isolated from a water pond of Isla Cristina saltern and
strains M6-46 and M6-58B were isolated from water of a pond of Aragonesas saltern,

both located in Huelva, in Southwest Spain. The isolation medium was modified from
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HM medium, previously described by Ventosa et al. (1982) and contained (g I"%): NaCl,
117; MgCl2.6H20, 19.5; MgS04.7H20, 30.5; CaCly, 0.5; KCI, 3; NaHCOs, 0.1; NaBr,
0.35; yeast extract, 0.05, solidified with 1.8 % agar (BD). The pH of this medium was
adjusted to pH 7,5 with 1 M KOH. The strains were isolated by plating 0.1 ml of the
water samples on this medium after incubation under aerobic conditions at 37 °C. The
strains were subsequently purified three times by plating on the same medium. The
strains were routinely grown in SW 7.5 % medium at 37 °C. The composition of this
medium was the following: (g I'Y): NaCl, 58.5; MgCl..6H,0, 9.75; MgS04.7H,0, 15.25;
CaCly, 0.25; KClI, 1.5; NaHCOs3, 0.05; NaBr, 0.175 and yeast extract, 5. The pH of this
medium was adjusted to 7.5. The strains were maintained on SW 7.5 % medium and at
-80 °C supplemented with 30 % (v/v) glycerol. The type strains I. fontislapidosi F23, I.
abyssalis CIP 1074087, 1. baltica DSM 151547, | piscisalsi NBRC 1086177, 1.
seosinensis CIP 108665" and 1. zobellii DSM 159247 were used as reference strains for

comparison in our study.

Cell morphology and motility were examined by phase-contrast microscopy (Olympus
CX41) from exponentially growing cultures. Growth range and optimal were
determined at different NaCl concentrations (0.5, 3, 5, 7.5, 10, 15, 20 and 25 %, w/v) on
SW medium at pH 7.5. To determine the optimal and range of temperature and pH for
growth of strains, broth cultures were incubated at temperatures of 5-45 °C at intervals
of 5 °C and from 35 to 40 °C in increments of 1 °C and at pH 4-10.5 at intervals of 0.5
pH units. Growth was determined by monitoring the optical density at 600 nm using a
spectrophotometer. Catalase activity was determined by bubble production in 3 % (v/v)
H2>O. solution. Oxidase activity was examined with 1 % (v/v) tetramethyl-p-
phenylenediamine (Kovacs, 1956). Growth under anaerobic conditions was determined

by incubation in an anaerobic jar using Anaerogen (Oxoid) to generate anaerobic
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atmosphere and an anaerobic indicator (Oxoid) in SW 7.5 % solid medium. Hydrolysis
of casein, DNA, gelatin, starch, Tween 80 and aesculin, nitrate and nitrite reduction,
Simmons’ citrate, selenite reduction, VVoges-Proskauer and methyl red tests, oxidation-
fermentation from carbohydrates, production of indole and phosphatase, urease and
phenylalanine deaminase activities were determined as described by Cowan & Steel
(1977) with the addition of 7.5 % total salts to the medium (Ventosa et al., 1982;
Quesada et al., 1984). H,S production was tested in SW 7.5 % medium supplemented
with 0.05 % (w/v) sodium thiosulfate; with a paper strip impregnated with lead-acetate
placed in the neck of the tube (Clarke, 1953). Acid production from carbohydrates was
determined using a phenol red base supplemented with 1 % carbohydrate and SW 7.5 %
medium. For determination of the range of substrates used as carbon and energy sources
or as carbon, nitrogen and energy sources, the classical medium of Koser (1923) as
modified by Ventosa et al. (1982) was used. This medium contained (I"1): 75 g NaCl, 2
g KCI, 0.2 g MgS04.7H0, 1 g KNOs, 1 g (NH4)2HPO4, 0.5 g KH2PO4 and 0.05 g yeast
extract (BD). Substrates were added as filter-sterilized solutions to give a final
concentration of 1 g I"%, except for carbohydrates, which were used at 2 g I"2. When the
substrate was an amino acid, it was tested as carbon, nitrogen and energy source, and

the basal medium was therefore prepared without KNO3 and (NH4)2HPOa.

Cells of the new isolates were motile, slightly curved rods, stained Gram-negative and
were strictly aerobic. They were moderately halophilic, growing at 3-15 % (w/v) NacCl,
with optimal growth at 7.5 % (w/v) NaCl; they were not able to grow in the absence of
NaCl. The temperature range for growth was 5 to 40 °C, with optimal growth at 37 °C.
The pH range for growth was 5-10 and the optimal growth was at pH 7.0. Other
morphological, physiological, biochemical and nutritional characteristics of strains SN-

14T, SN-4, M6-46 and M6-58B are given in the species description and Table 1.
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The genomic DNA of the four strains was isolated and purified using the method
described by Marmur (1961). The 16S rRNA gene was amplified by PCR with the
forward primer 16F27 and the reverse primer 16R1488 (Marquez et al., 2008). Direct
sequence determination of the PCR-amplified DNA was carried out using an automatic
DNA sequencer (ABI 3139XL, Applied Biosystems). The 16S rRNA gene sequence
analysis was performed with the ARB software package (Ludwig et al., 2004). The 16S
rRNA gene sequence was aligned with the published sequences from closely related
bacteria and the alignment was confirmed and checked against both primary and
secondary structures of the 16S rRNA molecule using the alignment tool of the ARB
software package. Phylogenetic trees were constructed using three different methods:
maximum-parsimony (Fitch, 1971), neighbour-joining (Saitou & Nei, 1987) and
maximum-likelihood (Felsenstein, 1981) algorithms integrated in the ARB software for
phylogenetic inference. Bootstrap analysis was based on 1000 resamplings (Felsenstein,
1985). The 16S rRNA gene sequences used for phylogenetic comparisons were
obtained from the GenBank database and their strain designations and accession

numbers are shown in Fig. 1.

The almost-complete 16S rRNA gene sequence of strains SN-14T (1460 bp), SN-4
(1463 bp), M6-46 (1506 bp) and M6-58B (1477 bp) was obtained and used for initial
BLAST searches in GenBank and for phylogenetic analysis. The identification of
phylogenetic neighbours and the calculation of pairwise 16S rRNA gene sequence

similarities were achieved using the EzTaxon-e server (http://www.eztaxon-

e.ezcloud.net) (Kim et al., 2012). The 16S rRNA gene sequence analysis showed that
strains SN-14T, SN-4, M6-46 and M6-58B were members of the genus Idiomarina.
Their closest relatives were Idiomarina fontislapidosi F23" (98.4-98.0 % sequence

similarities), Idiomarina seosinensis CL-SP19" (98.3-98.0 % sequence similarities),
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Idiomarina piscisalsi TPS4-2" (97.9-97.4 % sequence similarities), Idiomarina baltica
0S145" (97.5-97.4 % sequence similarities), and Idiomarina zobellii KMM 2317 (97.6-
97.0 % sequence similarities). On the other hand, the 16S rRNA gene sequence
similarity with the type species of the genus, Idiomarina abyssalis KMM 2277 was
97.2-96.7 %. Phylogenetic analysis using the maximum-parsimony algorithm revealed
that the four strains formed a separate lineage within the genus Idiomarina. The
phylogenetic position of these strains was also confirmed by trees generated using the
neighbour-joining and maximum-likelihood algorithms (Fig. 1). The four strains were

included within the rRNA group 1 of the genus Idiomarina (Taborda et al., 2009).

The G+C content of the genomic DNA was determined from the midpoint value (Tm) of
the thermal denaturation profile (Marmur & Doty, 1962) by using the equation of Owen
& Hill (1979). The DNA G+C content of strains SN-14T, SN-4, M6-46 and M6-58B
was estimated to be 49.4, 47.6, 48.6, and 50.8 mol%, respectively. These values are
within the DNA G+C range reported for the genus lIdiomarina (45 to 54 mol%)
(Taborda et al., 2009). DNA-DNA hybridization studies were performed by the
competition procedure of the membrane method (Johnson, 1994), described in detail by
Arahal et al. (2001a, 2001b). The hybridization temperature used was 49.6 °C, which is
within the limit of validity for the filter method (De Ley & Tijtgat, 1970), and the
percentage of hybridization was calculated according to Johnson (1994). The
experiments were carried out in triplicate. DNA-DNA hybridization between strain SN-
14T and SN-4, M6-46 and M6-58B was 99, 83 and 77 %, respectively, indicating that
the four strains are members of the same species. However, the DNA-DNA
hybridization between strain SN-14T and I. fontislapidosi F23T, I. seosinensis CIP
108665, 1. piscisalsi NBRC 1086177, I. baltica DSM 151547, I. zobellii DSM 159247

and I. abyssalis CIP 107408 was 13, 7, 12, 6, 15 and 17 %, respectively. These levels
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of DNA-DNA hybridization with respect to the type strains of the phylogenetically
most closely related species are significantly lower than the 70 % threshold value
recommended for the delineation of new species (Stackebrandt & Goebel, 1994;

Stackebrandt et al., 2002).

For the analysis of the fatty acids, the cells of strain SN-14T and the type strain of the
most closely related species were grown on marine agar (BD), at 28 °C obtained in the
late-exponential growth phase. The whole-cell composition of fatty acids was
determined by GC using the MIDI Microbial Identification System (Sasser, 1990). The
fatty acids composition was obtained with a gas chromatograph Agilent 6850 using the
database TSBA6 (MIDI, 2008). These analyses were carried out by the CECT culture
collection (Spain). Analysis of the respiratory quinones and polar lipids of strain SN-147
and 1. fontislapidosi F23" were carried out by the Identification Service of the DSMZ
(Braunschweig, Germany). Cell biomass for these analyses was obtained by growth of

the strains on marine agar (BD) at 37 °C.

The major fatty acids of strain SN-14T were iso-Cis:o (30.4 %), is0-Ci7:0 (10.7 %), Cis1
@7¢/Cig1 w6¢ (7.3 %), Cie0 (7.1 %) and is0-C17:1 @9¢/Cie:0 10-methyl (7.0 %). The fatty
acid composition is similar to those of the related species of Idiomarina, except for the
presence of summed feature 9: is0-Ci71 w9¢c/ Cieo 10-methyl (Table 2). Strain SN-14T
exhibited a polar lipid profile  consisting of  phosphatidylglycerol,
phosphatidylethanolamine, two phospholipids and a phosphoaminoglycolipid (atypical
sugar). This profile is similar to those reported for species of the genus Idiomarina
(Taborda et al., 2009). Ubiquinone 8 was the only respiratory quinone detected in strain
SN-14T in accordance with the lipoquinone determined for the family Idiomarinaceae

and the species of the genus Idiomarina (Taborda et al., 2009).
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The reported phylogenetic, phenotypic, genotypic and chemotaxonomic data clearly
indicate that the four strains constitute a single taxon and they represent a novel species

of the genus Idiomarina, for which we propose the name Idiomarina aquatica sp. nov.

Description of Idiomarina aquatica sp. nov.

Idiomarina aquatica (a.qua’ti.ca L. fem. adj. aquatica, living or found in the water,

aquatic).

Cells are Gram-staining-negative, motile, slightly curved rods, with 0.4 x 1.25-2.1 pm,
occurring as single cells. Non-endospore-forming. Colonies are circular, entire, smooth,
convex, cream and 1.5-2.5 mm in diameter on SW 7.5 % agar medium after 48 h of
incubation at 37 °C. Strictly aerobic. Moderately halophilic, growing at 3-15 % (w/v)
NaCl, with optimal growth at 7.5 % (w/v) NaCl. No growth occurs in the absence of
NaCl. The temperature range for growth is 5-40 °C, with optimal growth at 37 °C. The
pH range for growth is 5-10 and the optimal growth is at pH 7.0. Catalase and oxidase
positive. Gelatin, Tween 80, DNA and aesculin are hydrolyzed but casein and starch are
not. Nitrate and nitrite are reduced (except strain M6-46). Acid is not produced from D-
arabinose, D-fructose, D-glucose, D-galactose, lactose, D-mannose, melezitose,
melibiose, rafinose, ribose, sucrose, D-xylose, D- mannitol, sorbitol, xylitol, amygdalin,
arbutin, citrulline and inulin. Indole or H>S are not produced. Methyl red, Voges-
Proskauer, Simmons’ citrate and phenylalanine deaminase tests are negative. Selenite is
reduced. Phosphatase and urease are positive. Propionate is used as sole source of
carbon and energy. The following compounds are not utilized as sole source of carbon
and energy: D-arabinose, D-cellobiose, fructose, D-galactose, D-glucose, lactose,

maltose, D-mannose, D-melezitose, D-melibiose, L-raffinose, ribose, salicin, sucrose,
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D-trehalose, ethanol, glycerol, myo-inositol, D-mannitol, methanol, D-sorbitol, xylitol,
benzoate, citrate, formate, hippurate, malate, succinate and tartrate. The following
compounds are utilized as sole source of carbon, nitrogen and energy: glutamine, and
valine. The following compounds are not utilized as sole source of carbon, nitrogen and
energy: L.cysteine and L.methionine. The major cellular fatty acids were iso-Cis:o, iS0-
Cir:0, Ci81 @7¢/C181 wbc, Cieo and is0-Ciz1 w9¢/Cis0 10 methyl. The respiratory
isoprenoid quinone is ubiquinone 8 (Q-8). The polar lipid profile consists of
phosphatidylglycerol,  phosphatidylethanolamine, two  phospholipids and a

phosphoaminoglycolipid. The DNA G+C content is 47.6-50.8 mol% (Tm).

The type strain is SN-14T (= CCM 8471T = CECT 8360" = LMG 27613"), isolated
from the water of a pond of Isla Cristina saltern, Huelva (Spain). The genomic DNA

G+C content of the type strain is 49.4 mol% (Tm).

Acknowledgements

This research was supported by grants from the Spanish Ministry of Science and
Innovation (CGL2013-46941-P) and the Junta de Andalucia (P10-CVI-6226). FEDER
funds and the Plan Andaluz de Investigacion also supported this project. M.J. Ledn was

recipient of a post-graduate fellowship from the Junta de Andalucia.



240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

References

Arahal, D. R., Garcia, M. T., Ludwig, W., Schleifer, K. H. & Ventosa, A. (2001a).
Transfer of Halomonas canadensis and Halomonas israelensis to the genus
Chromohalobacter as  Chromohalobacter  canadensis comb. nov. and

Chromohalobacter israelensis comb. nov.. Int J Syst Evol Microbiol 51, 1443-1448.

Arahal, D. R., Garcia, M. T., Vargas, C., Canovas, D., Nieto, J. J. & Ventosa, A.
(2001b). Chromohalobacter salexigens sp. nov., a moderately halophilic species that
includes Halomonas elongata DSM 3043 and ATCC 33174. Int J Syst Evol Microbiol

51, 1457-1462.

Clarke, P. H. (1953). Hydrogen sulphide production by bacteria. J Gen Microbiol 8,

397-407.

Cowan S. T. & Steel K. J. (1977). Manual for the identification of medical bacteria.

Cambridge University Press, London, United Kingdom.

De Ley, J and Tijtgat R (1970). Evaluation of membrane filter methods for DNA-

DNA hybridization. Antonie van Leeuwenhoek 36, 461-474.

Felsenstein, J. (1981). Evolutionary trees from DNA sequences: a maximum likelihood

approach. J Mol Evol 17, 368-376.

Felsenstein, J. (1985). Confidence limits on phylogenies: an approach using the

bootstrap. Evolution 39, 783-791.

Fitch, W. M. (1971). Toward defining the course of evolution: minimum change for a

specific tree topology. Syst Zool 20, 406-416.



261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

Ivanova, E. P., Romanenko, L. A, Chun, J., Matte, M. H., Matte, G. R., Mikhailov,
V. V., Svetashev, V. I., Hug, A., Maugel, T. & Colwell, R. R. (2000). Idiomarina gen.
nov., comprising novel indigenous deep-sea bacteria from the Pacific Ocean, including
descriptions of two species, Idiomarina abyssalis sp. nov. and Idiomarina zobellii sp.

nov. Int J Syst Evol Microbiol 50, 901-907.

Jean, W. D., Shieh, W. Y. & Chiu, H. H. (2006). Pseudidiomarina taiwanensis gen.
nov., sp. nov., a marine bacterium isolated from shallow coastal water of An-Ping
Harbour, Taiwan, and emended description of the family Idiomarinaceae. Int J Syst

Evol Microbiol 56, 899-905.

Johnson, J. L. (1994). Similarity analysis of DNAs. In Methods for General and
Molecular Bacteriology, pp. 655-681. Edited by P. Gerhardt, R. G. E. Murray, W. A.

Wood & N. R. Krieg. Washington, DC: American Society for Microbiology.

Kim, O.-S., Cho, Y.-J,, Lee, K., Yoon, S.-H., Kim, M., Na, H., Park, S.-C., Jeon, Y.
S., Lee, J.-H., Yi, H., Won, S. & Chun, J. (2012). Introducing EzTaxon-e: a
prokaryotic 16S rRNA gene sequence database with phylotypes that represent

uncultured species. Int J Syst Evol Microbiol 62, 716-721.

Koser, S. A. (1923). Utilization of the salts of organic acids by the colon-aerogenes

group. J Bacteriol 8, 493-520.

Kovacs, N. (1956). Identification of Pseudomonas pyocyanea by the oxidase reaction.

Nature 29, 703.

Ludwig, W., Strunk, O., Westram, R., Richter, L., Meier, H., Yadhukumar,
Buchner, A., Lai, T., Steppi, S. & other authors (2004). ARB: a software

environment for sequence data. Nucleic Acids Res 32, 1363-1371.



284

285

286

287

288

289

290

201

292

293

294

295

296

297

298

299

300

301

302

303

304

Marmur, J. (1961). A procedure for the isolation of deoxyribonucleic acid from

microorganisms. J Mol Biol 3, 208-218.

Marmur, J. & Doty, P. (1962). Determination of the base composition of

deoxyribonucleic acid from its thermal denaturation temperature. J Mol Biol 5, 109-118.

Marquez, M. C., Carrasco, I. J., Xue, Y., Ma, Y., Cowan, D. A., Jones, B. E.,
Grant, W. D. & Ventosa, A. (2008). Aquisalibacillus elongatus gen. nov., sp. nov., a
moderately halophilic bacterium of the family Bacillaceae isolated from a saline lake.

Int J Syst Evol Microbiol 58, 1922-1926.

MIDI (2008). Sherlock Microbial Identification System Operating Manual, version 6.1.

Newark, DE: MIDI Inc.

Owen, R. J. & Hill, L. R. (1979). The estimation of base compositions, base pairing
and genome sizes of bacterial deoxyribonucleic acids. In Identification Methods for
Microbiologists, 2" edition, pp. 277-296. Edited by F. A. Skinner & D. W. Lovelock.

Academic Press, London.

Parte, A. C. (2014). LPSN-list of prokaryotic names with standing in nomenclature.

Nucleic Acids Res 42 (D1), D613-D616.

Quesada, E., Ventosa, A., Ruiz-Berraquero, F. & Ramos-Cormenzana A. (1984).
Deleya halophila, a new species of moderately halophilic bacteria. Int J Syst Bacteriol

34, 287-292.

Saitou, N. & Nei, M. (1987). The neighbor joining method: a new method for

reconstructing phylogenetic trees. Mol Biol Evol 4, 406-425.



305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

Sasser, M. (1990). Identification of bacteria by gas chromatography of cellular fatty

acids. MIDI Technical Note 101. Newark, DE: MIDI Inc.

Stackebrandt, E., Frederiksen, W., Garrity, G. M., Grimont, P. A. D., Kampfer, P.,
Maiden, M. C. J., Nesme, X., Rossell6 -Mora, R., Swings,J. & other authors (2002).
Report of the ad hoc committee for the reevaluation of the species definition in

bacteriology. Int J Syst Evol Microbiol 52, 1043-1047.

Stackebrandt, E. & Goebel, B. M. (1994). Taxonomic note: a place for DNA-DNA
reassociation and 16S rRNA sequence analysis in the present species definition in

bacteriology. Int J Syst Bacteriol 44, 846-849.

Taborda, M., Antunes, A., Tiago, I., Verissimo, A., Nobre, M. F. & Da Costa, M. S.
(2009). Description of Idiomarina insulisalsae sp. nov., isolated from the soil of a sea
salt evaporation pond, proposal to transfer the species of the genus Pseudidiomarina to
the genus Idiomarina and emended description of the genus Idiomarina. Syst Appl

Microbiol 32, 371-378.

Ventosa, A., Quesada, E., Rodriguez-Valera, F., Ruiz-Berraquero, F. & Ramos-
Cormenzana, A. (1982). Numerical taxonomy of moderately halophilic Gram-negative

rods. J Gen Microbiol 128, 1959-1968.



323

324

325

326

327

mentioned otherwise. +, Positive, -, negative.

SN-4, M6-46 and M6-58B) and related species of the genus Idiomarina.

Table 1. Differential characteristics of Idiomarina aquatica sp. nov. (strains SN-14T,

Strains: 1, SN-14T; 2, SN-4; 3, M6-46; 4, M6-58B; 5, Idiomarina fontislapidosi F23"

and 6, ldiomarina abyssalis KMM 2777. Data were obtained in this study unless

Characteristic

Cell

morphology

Colony

pigmentation

Cell size (um)

NaCl range (%,

wiv)

NaCl optimum

(%, wiv)

Temperature

range (°C)

Temperature

optimum (°C)

pH range

pH optimum

Nitrate

reduction

Nitrite reduction

Curved rods

Cream

1.25-2.1x0.4

3.0-15.0

7.5

5-40

37

5-10

7.0

Curved rods

Cream

0.8-1.7x0.4

3.0-15.0

7.5

5-40

37

5-10

7.0

Curved rods

Cream

0.8-1.7x0.4

3.0-15.0

7.5

5-40

37

6-10

7.0

Curved rods

Cream

1.25-2.1x0.4

3.0-15.0

7.5

5-40

37

6-10

7.0

Slightly curved

rods?

Cream?

3.0-4.0x0.75%

0.5-25.02

3.0-5.0

4-45°

328

5-102

7-8a

Rod-shaped®

Light yellowish®

1-1.8x0.7-0.9°

0.6-15.0°

3.0°

4-30

20-22°

5.5-9.5

7.5-8°




Hydrolysis of
- - - - + -
casein
Simmons’
- - - - + +
citrate
H2S production - - - - + -
Utilization of:
Maltose - - + - - -
Raffinose - - + - - -
Citrate - - + - - -
Fumarate + + + - + +
Hippurate - - - - + -
L-Glutamine + + + - + +
L-Threonine - - + - - -
L-Valine + - - - - -
DNA G+C
494 47.6 48.6 50.8 46.02 50.4°
content (mol%)

328
329 2 Data from Martinez-Cénovas et al. (2004); ® Data from Ivanova et al. (2000).

330
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333

334

335

336
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338

Table 2. Cellular fatty acid composition of strain SN-14T and closely related species of

the genus Idiomarina.

Strains: 1, SN-14T, 2, Idiomarina fontislapidosi F23T; 3, Idiomarina abyssalis KMM
2777, All data were obtained using the same growth conditions (marine agar, 28 °C,
late-exponential growth phase). Data from this study, except for I. abyssalis. Values are
percentages of the total cellular fatty acids. Only fatty acids amounting to at least 1.0 %

of the total cellular fatty acids of at least one of the strains are shown. -, Not detected or

<1.0 %.
Fatty acid 1 2 32
C10:03-OH 1.5 2.1 -
150-C11:0 35 3.6 -
150-C11:0 3-OH 4.5 4.2 -
150-C12:0 3-OH - 11 -
150-C13:0 - 13 1.0
150-C13:0 3-OH 5.2 5.1 -
Ciso0 1.4 - -
Cis5:1 08¢ - - 1.3
150-Ci5:1F 2.1 1.6 2.3
150-Cis:0 30.4 32.8 33.7
Ci60 7.1 8.7 6.3




Fatty acid 1 2 32

Summed feature 3° 5.4 7.6 7.8

Summed feature 9° 7.0 - -

150-C17:0 10.7 9.6 11.9

Ci71wbC - - 15

Ci7108¢C 1.3 1.5 -

Cirocyclo 2.8 1.4 -

Ciro 2.8 24 -

Summed feature 8" 7.3 4.2 6.7

Ciso 3.4 2.5 1.8

Cig:1 w9cC - - 1.4
339 “Summed features are groups of two or three fatty acids that could not be
340 separated by GC with the MIDI system. Summed feature 3 comprised Ci6:1 w7¢
341 and/or Ci6:1 w6c; summed feature 8 comprised Cis1 w7¢/ Cig:1 w6c; summed
342 feature 9 comprised is0-C17:1 w9¢ and/or Cie:0 10-methyl.
343 Data from lvanova et al. (2000).

344
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349

350

351
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354

Legend to figure

Fig. 1. Maximum-parsimony phylogenetic tree based on nearly complete 16S rRNA
gene sequences showing the relationships between Idiomarina aquatica (strains SN-
14T, SN-4, M6-46 and M6-58B), related species of the genus Idiomarina and other
related genera. Filled circles indicate nodes that were also recovered in neighbor-joining
and maximum-likelihood trees based on the same sequences. Numbers at nodes are
levels of bootstrap support (percentages) based on analyses of 1000 resampled datasets;
only values >70 % are shown. The sequence of Agarivorans albus MKT 106" was used
as outgroup. Bar, 0.01 nucleotide changes per position. The GenBank/EMBL/DDBJ

accession number of each sequence is shown in parenthesis.
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