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Abstract

Four bacterial strains were isolated from larvdtures and collectors of the scall®@cten
maximus They showed a high level of intragroup genomitateglness (84-95%) as
determined by DNA-DNA hybridization. The cells weBram-negative, strictly aerobic,
motile, ovoid rods. They grew at temperatures filtbrnto 37 °C and from pH 7.0 to 10, but
did not grow in the absence of NaCl and requirenwn factors. They had the ability to use a
wide variety of compounds as sole carbon sourcendbnose, D-galactose, D-fructose,
Dglucose, D-xylose, melibiose, trehalose, maltasdlobiose, sucrose, mesoerythritol, D-
mannitol, glycerol, D-sorbitol, meso-inositol, sute, propionate, butyrate, c-aminobutyrate,
DL-hydroxybutyrate, 2-ketoglutarate, pyruvate, fuata, glycine, La-alanine,3-alanine, L-
glutamate, L-arginine, Llysine, L-ornithine and Lepine. They exhibited oxidase and
catalase activities but no denitrification activityThe isolates did not contain
bacteriochlorophyll a. The GMC content ranged fifori6 to 58 mol%. Phylogenetic analyses
of the 16S rRNA sequence revealed that these ésolatlong to the genli®seobacterOn

the basis of quantitative hybridization data, ipisposed that these isolates should be placed
in a new speciesRoseobacter gallaeciensi¥he type strain igRoseobacter gallaeciensis
BS107 (vCIP 105216).

Keywords:Roseobactegallaeciensisp. nov., marine bacterium, scalléfgcten maximus

INTRODUCTION

The genusRoseobacterwas created by Shiba (15) taclude two bacterial species,
Roseobactelitoralis andRoseobactedenitrificans which were obtained frohe surface of
green seaweeds. Recently, Lafay et al.d&cribed a new specidRpseobacterapgicolg
which includes three bacterial strains found in cultuweshe toxin-producing dinoflagellate
Prorocentrum lima

Four bacterial strains (BS107, BScl, BSc4, BScR@)jated from larval cultures and
collectors of thescallopPectenmaximuswere found to exhibit aantibacterial effect against
a broad spectrum of bacteriespeciallyVibrio spp. Moreover, extracts a$olate BS107
added to scallop cultures producegrabiotic effect on larvae (12). Based on a phepioty
examination as well as phylogenetic analyses of EMBL accession number for the
sequence reported in this pape¥ 3244.small-subunit rRNA, the latter performed with the
most representative strain (BS107), we have shinanhthese bacteria should be included in
the genusRoseobacterData obtained from DNA -DNAwybridization suggest that these
isolates are affiliated ta new species for which we propose the naRuseobacter
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gallaeciensis The type strain isRoseobacter gallaeciensiBS107T (= CIP 105210T,
Collection dd'Institut Pasteur, Paris, France).

METHODS

Bacterial strains and growth conditions Strain BS107T waund in seawater from larval
cultures of the scallopecten maximuginstituto Oceanografico, A Caoiia, Spain).Strains
BScl, BSc4 and BSc20 were isolated from the surfdospllectors used to allow scallop
larval settlement (Institut@ceanografico). All strains were selected on masgar2216
(MA; Difco). Subcultures of Roseobacter apgicola Roseobacter denitrificans and
Roseobactelitoralis derivedfrom ATCC strains 51440T, 33942T and 49566T, respely,
were kindly provided by IFREMER and used as refeeetrains.

The strains were stored at -80 °C in marine br@b6ZMB; Difco) supplemented with 20%
(v/v) glycerol. Cultures were grown at 23 °C, either in MB or inifexial Shioi's marine
medium (SMM) as adapted by Shiba (1&rowth requirements were determined by
inoculating exponentialphase cells in artificial seawater (ASW; solutidnSigma sea salts)
in three combinations, each lacking onehef following compounds: NH%CI (1g), glucose

(0 -1 g I') or casein hydrolysate (10 mg)! One control containedone of these compounds
and another contained all of themRequirements for biotin, thiamin, nicotinic aciddan
sodiumpantothenate were determined by the method us&hiia(15). The strains did not
grow on thiosulfate/citrate/bilealts agar.

Phenotypic tests Cell shape and flagella were observed by phas&asi microscopy
(Nikon) after speci fic staining for flagella (&ell size and a more detailed morphology were
determined by transmission electron microscopywioich cells were negatively stained with
1% (w/v) uranyl acetate, using Formvar (300 meslgfli; Oxford Instruments) as described
by Paillard (11).

Routine tests (Gram staining, oxidase, catalaseylam® [3-galactosidase, gelatinase,
tweenase, DNase and urease activity tests, andtredwf nitrate) were performed with
exponential-phase cells as described by Smibertri&g(17). Motility was examined by the
hanging drop method with 24 h cultures grown in MBgment production (colour of
colonies and diffusible pigment production) waseskied on MA, MA supplemented with O -
5%starch and SSM after 7 d incubation.

Metabolism of glucose was determined by a modificatof the oxidation/fermentation
method (MOF) of Hugh & Leifson (10). Metabolism @frate was tested by using Simmon's
citrate medium (Difco) (17). Arginine dihydrolasésine decarboxylase and ornithine
decarboxylase activities were determined by usexhriiques described by Baumann &
Baumann (1) for marine bacteria. We also obserwecffects of pH (4 to 10), temperature (4,
15, 20, 37 and 40 °C) and NaCl concentration (@, 0.25, 0.5, 0.7, 1, 1.5 and 2 M) on
growth on MA. Results were recorded after 4 d iratidm.

Utilization of different carbon sources was tedbgdusing ASW with casein hydrolysate (10
mg ) and the following substrates, each at a conceémraf 0.1%: d-mannose, dgalactose,
d-fructose, d-glucose, d-xylose, l-arabinose, hthase, trehalose, maltose, cellobiose,
melibiose, sucrose, meso-erythritol, d-mannitol,ycgtol, d-sorbitol, mesoinositol,
glucosamine, salicin, d-gluconate, succinate, teifragalacturonate, acetate, propionate,
butyrate, c-aminobutyrate, dl-hydroxybutyrate, mevate, 2-ketoglutarate, pyruvate,
fumarate, I-tyrosine, glycine,d-alanine,B-alanine, dl-serine, I-leucine, I-valine, |-asp&eta
I-glutamate, I-arginine, I-lysine, I-ornithine, Idtidine, |-proline and betaine. Growth in the
presence of different carbon sources using thenorgecid medium described by Shiba (15)
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was not studied as we obtained the same resulta Rbseobacter apgicoleF3T (9) was
inoculated in this medium and in the medium desctiBbove (data not shown).
Susceptibility to different inhibitors was tested MA by using the standard antibiogram
method (2) and the following antibiotics : peniallG (10 U), chloramphenicol (30 ug),
kanamycin (30 U), erythromycin (15 U), oxolinic @c{10 pg), gentamicin (10 U),
thrimethoprim (1.25 pg)- sulfamethoxazole (23.79, figran (300 pg), streptomycin (100 U)
and vibriostatic agent O/129 (2,4-diamino-6,7- @opyl pteridine) (150 pg) (all from
Sanofi Diagnostics). Production of bacteriochlorgph a was determined by
spectrophotometric analysis. Cells grown in 200 $38M, collected by centrifugation as
described by Lafay et al. (9) and the resultindgpetias extracted with 100 ml methanol at
4 °C. The methanolic extract was concentrated ungenum at 35 °C in the dark to a volume
of 1 ml. The presence of pigment was determinedidiple spectrophotometry (350 -900 nm).

DNA base composition Isolation of genomic DNA was carried out by startimethods (14).
The G-C content was calculated according to thertakedenaturation midpoint (Tm) method

(4).

DNA amplification. A modification of the method of Sritharan & Bark@8) was followed

to prepare genomic DNA for PCR. Bacteria grown iB Mere centrifuged at 3000 g at 4 °C
for 10 min. The pellet obtained was resuspend@®ihpul lysis mixture (10 mM Tris/HCI, pH

8 -0, 1 mM EDTA, 1% Triton X-100) and boiled for riin. After a single chloroform
extraction, 5 pl supernatant was used to amplily #6S rRNA gene with Taqg DNA
polymerase (Stratagene) and two primers, whichesponded to positions 8-28 and 1493-
1509 in theEscherichia colismallsubunit rRNA sequence. The initial denatoratstep
consisted of heating the reaction mixture at 95¢C180s. Immediately, the genomic DNA
was exposed to 10 cycles of amplification consgstof denaturation at 95 °C for 90 s,
annealing at 50 °C for 90 s and extension at 787A80 s, followed by 10 cycles of 95 °C
for 90 s, 50 °C for 90 s and 72 °C for 4 min, afdc®cles of 95 °C for 90 s, 50 °C for 90 s
and 72 °C for 5 min. A final extension step wasf@ened at 72 °C for 10 min. Two
nanograms of the PCR products was used for redogtidn, performed under the same
conditions except for the utilization of Pfu DNAIlpmerase (Stratagene) instead of Taq DNA
polymerase. Pfu DNA polymerase forms blunt-endedADihich is easier to clone within a
standard plasmid.

Cloning and sequencing The PCR products were analysed on a 1% agardseyeh
included a molecular mass standard (phagegested with Pstl) for the quantification of the
products. The fragment required was purified byhggteneclean (Bio101) and cloned into
pBluescript KS(+) using PCR Script (Stratagene)).(Bdter cell transformation, 10 positive
clones were grown individually in SOB/ ampicillinegium (14). Plasmid DNA was extracted
immediately (14), digested with Sacl and Hindllhdaelectrophoresed in 1% agarose. Both
strands of the DNA corresponding to the small fragta obtained by electrophoresis were
denatured and sequenced by the dideoxy chain-tatimmmethod using the USB Sequenase
Quick-Denature Plasmid Sequencing Kit. Reverse wandersal primers homologous to the
nucleotide sequences of pBluescript adjacent tarntberted DNA were used for sequencing
the gene, as well as primers S10 and S12 whiclegond to positions 906-925 and 1099-
1114, respectively, in th&. coli sequence. No significant differences were foundhie
sequences of the clones.

Phylogenetic analysesPhylogenetic data were obtained by aligning d#ffié sequences and
other phylogenetic procedures. All analyses weneedasing computer programs developed
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by Galtier et al. (6). Only nucleotide positiongiah aligned without ambiguities with the
different 16S rRNA sequences were used for phyletgeranalyses. Three phylogenetic
methods were employed, all included within the BRMin program package (6). (i)
Neighbour-joining algorithm. A neighbour-joininggalrithm similar to that developed by
Saitou & Nei (13) was used. (i) Maximum-parsimoiijie Syst Zoll 20:406 algorithm from
the phylip package (5) was used. Bootstrap analfi€d® replications) was performed to
check each topology for robustness. (iii) Maximukelihood. The fdnaml program derived
from the dnaml program (5) and rewritten by G. ke@ (University of lllinois, Urbana, IL,
USA) was used. All analyses were performed usieggtbbal option (F,Y and G options). All
trees obtained with these phylogenetic methods wiatted by using a Macintosh computer
and the program njplot developed by M. Gouy (URA ZNRS, Université Claude Bernard,
Villeurbanne, France) which allowed a formal trepresentation (Newick's format) to be
transformed into ClarisDraw drawings. Only topoksgihat were found to be similar by all
three methods were retained as "true trees '.

Nucleotide sequence accession numberSequences used in this study correspond to the
following accession numberfoseobacterlgicola ATCC 51440T, X78315Roseobacter
denitrificans OCH 114T, M59063; Roseobacter litoralis ATCC 49566T, X78312;
Rhodobacter sphaeroides IFO 12203, D16425; Rhotebampsulatus ATCC 11166,
D16428.

Quantitative DNA-DNA hybridization. Genomic DNA from the new isolates and the
reference straindRoseobactealgicola, Roseobactedenitrificans and Roseobactelitoralis,
was extracted following standard methods (14).iStBS107T andRoseobacterlgicola
probes were labelled by nick-translation (14). Hgization was carried out at 72 °C and the
S1 nuclease method, with adsorption of S1-resiéd&A onto DE8L filters (Whatman), was
followed to calculate the percentage reassocid8oid).

RESULTS

Cell shape, motility and Gram stainingCells of all four isolates were Gram-negative and
ovoid-rod-shaped (0.7-1 pm wide, 1.7-2.5 um lofid)ey were motile by means of polar
flagella. Several trials failed to determine thenter of flagella because electron microscopy
observations revealed only a few flagellated catld many that loose their flagella (data not
shown). However, a polar flagellum was observeghmgse-contrast microscopy.

Culture and growth characteristics On MA at 23 °C, young colonies were circular (diam.
~0.5 mm), smooth, convex and brownish with regeldges. After 7 d incubation, colonies
were 2 mm in diameter and brown with irregular edgeney produced diffusible pigment.
The same results were obtained on MA supplementigdOab% starch. The isolates were not
capable of utilizing ammonium as nitrogen sourdeeyigrew at temperatures between 15 and
37 °C, optimal growth occurring at 23-27 °C. Growmtas observed at pH 7.0-10.0 and the
optimum pH was 7.0; no growth was observed at gH #ihey grew at salt concentrations
ranging from 0.1 to 2M, the optimum salt concembrabeing 0.2 M, and required thiamin.

Biochemical and physiological characteristic®henotypic characteristics that differentiated
Roseobactemallaeciensisfrom other Roseobacterspp. are shown in Table 1. The four
isolates exhibited catalase and oxidase activitisylase, gelatinase, b-galactosidase,
tweenase, DNase, urease, arginine dihydrolaseneysiecarboxylase and ornithine
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decarboxylase activities were not detected. Thiats® were not able to reduce nitrate to
nitrite. They exhibited oxidative metabolism of ghse, but did not metabolize citrate. The
four isolates were able to use the following swdies as sole carbon and energy source:
dmannose, d-galactose, d-fructose, d-glucose, aseyl melibiose, trehalose, maltose,
cellobiose, sucrose, meso-erythritol, d-mannitblcerol, d-sorbitol, meso-inositol, succinate,
propionate, butyrate, c-aminobutyrate, dl-hydroxybate, 2-ketoglutarate, pyruvate,
fumarate, glycine, l-a-alanine, b-alanine, Iglutéemal-lysine, l-arginine, I-ornithine and
Iproline. Other compounds were used variably, foaneple acetate and leucine were only
used by BScl and BS107T, respectively, and argiwiae used by all isolates except BSc4.
Bacteriochlorophyll a was not detected in the mmttia extracts of the isolates (Fig. 1). The
peak observed did not correspond to bacteriochlylbp (16).

Table 1. Characteristics that differentiate Roseobacter gallaeciensis from Roseobacter litoralis, Roseobacter

denitrificans and Roseobacter algicola

+. Positive reaction: —, negative reaction.

Characteristic Roseobacter Roseobacrer Roseobacrer Roseobacrer
litoralis denitrificans algicola gallaeciensis
ATCC 495667  ATCC 330427 ATCC 514407 BS107"
Maorphology Rods or ovoid  Rods or ovoid Ovoid rods Ovoid rods
rods rods
Growth at 4 °C - - - -
Growth at 37°C - — - B
Hydrolysis of:
Starch - — - -
Tween 80 + + — —
Gelatin - + + ==
Requirement for nicotinic acid - - - -
Utilization of carbon sources:
Maltose = — + +
Sucrose - — - -
Trehalose — = + +
Citrate - - - -
Butyrate - = = +
2-Ketoglutarate + — - e
Nitrate reduced to nitrite = + G ==
Susceptibility to penicillin G (10 17) + - + -
Production of bacteriochlorophyll ¢ - - - -
Non-diffusible pigment Pink to red Pink Lo red Beige Brownish
Diffusible pigment - — None or brown Brown
G+ C content (mol %) 56-58-8 596 60 576580
014
0:12]
0104
]
£
m 0084
-E \
& 0061
<
004 -
002 4
_\_,_H_‘-h"‘-"'\-u‘l.
350 450 LS50 650 750 850

Wavelength (nm)

Fig. 1. Absortion spectrum of a methanolic extract of strain
BS107".
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Susceptibility to inhibitors All four isolates were sensitive to kanamycin, brgtmycin,
oxolinic acid, gentamicin, streptomycin and vibtaig agent 0/129. BS16#vas the only
isolate sensitive to chloramphenicol.

Phylogenetic analyses of small-subunit rRNAPhylogenetic analyses, including different
representatives of the Proteobacteria (data nawshdndicated that BS107wvas clustered
within the a subclass of the Proteobacteria. Thsitipo of this bacterium within the a
subclass was investigated. The three methods Hedcin Methods were congruent and
showed that the new bacterium clustered with theapbyletic unit ofRoseobactespp. (Fig.
2). This position was assured by a value of 100@ia&tion of bootstrap (maximum
parsimony and maximum likelihood). The most parsimos tree was found with maximum-
parsimony analysis. All branches were well supgbitemaximum-likelihood analysis. This
result was confirmed by the high level of similgrdf the small-subunit rRNA sequences
found between the unidentified bacterium and s$radh Roseobacteralgicola (98.8%),
Roseobactetitoralis (97.8%) andRoseobactedenitrificans (97.4%). These values were
obtained by the distance matrix of the neighbourig algorithm.

0-0034
—
Roseobacter algicola
{ATCC 514407)
Q6%
oy
— Roseobacter gallaeciensis
100%
Roseobacter denitrificans
(OCH 1147)
98%

L

— Roseobacter litoralis
(ATCC 49566T)

Rhodobacter sphaeroides
(ATCC 11168)

Rhodobacter capsulatus
(IFO 12203)

Fig. 2. Phylogenetic position of Roseobacter gallaeciensis sp.
nov. within the =« subclass of the Proteobacteria. The
topology of the unrooted tree was obtained by the neighbour-
joining algorithm and summarizes the results of phylogenetic
analyses obtained by all three methods used. The branches
retrieved in the topology of the tree obtained by maximum-
likelihood analysis are indicated by **. The percentage values
represent the percentage of bootstrap under maximum
parsimony. The bar represents the evolutionary distance given
as the maximum-likelihood coefficient.
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G-C content and DNA-DNA hybridization The new isolates had DNA G-C contents of
57.6-58 mol%. In consideration of the phylogendtiee based on small-subunit rRNA
sequences and the high levels of similarity (mdr@nt97%) found between BS10@nd
Roseobacterspp., quantitative DNA-DNA hybridization assaysrevgperformed. We also
carried out DNA-DNA hybridization assays betweer thew isolates to obtain detailed
information about their genetic relationship. Resulbtained revealed a very low level of
homology with Roseobacter algicola (2.4%), Roseobacter denitrificans (2%) and
Roseobactetitoralis (3%) but the levels of genomic DNA hybridizatioetiveen the new
isolates were more than 70% (Table 2).

Table 2. G +C contents and levels of genomic DNA relatedness between the new isolates and reference strains

Strain G+ C content {(mol %} Hyhridization (%) with labelled DNA from:

BS107T (= CIP Roseobacter algicola
1052107) (ATCC 514407)

BS107" (= CIP 1052107) 580 100 1

BScl 576 84 2

BSc4 S8R0 95 3

BSc20 580 93 3

Roseobacter algivola (ATCC 514407T) 6040 3 100

Roseobacter denitrificans (ATCC 339427) 596 2 1

Roseobacter litoralis (ATCC 495667) 588 3 2

DISCUSSION

The phylogenetic analyses have demonstrated tiitigh of isolate BS107to species of
the genusRoseobacterof the a subclass of the Proteobacteria, partigulRoseobacter
algicola. This result was confirmed by the solid monophglgroup formed byrRoseobacter
spp. (100% replication of bootstrap). These daayell as phenotypic characteristics of the
four isolates, are sufficiently conclusive to all@assignment of these isolates to the genus
RoseobacterThe low levels of DNA reassociation found betwélea new isolates and the
three known species dRoseobacterRoseobacterlgicola, Roseobactedenitrificans and
Roseobactelitoralis, as well as the high level of DNA homology obsenbetween the new
isolates, indicate that the new isolates can beimpd in a new species of the genus
Roseobacterfor which we propose the namfRoseobactergallaeciensis Description of
Roseobactergallaeciensis sp. nov. Roseobactergallaeciensis [gal.lae.ci.en«sis. L. adj.
offfrom Galicia (L. name Gallaecia), North-West imggof Spain]. Cells are Gram-negative
ovoid rods (length 1.7-2.5 pum; width 0.7-1 pm) andtile by means of polar flagella.
Colonies on salt-containing agar medium are brolwitisyoung cultures and brown after 72-
96 h incubation. Cells grow at temperatures ranfiogy 15 to 37 °C. Optimal growth occurs
at 23-27 °C and at a pH around 7.0. Cells grovihengdresence of 0.1-2 M NacCl, the optimum
concentration being 0.2 M, require thiamin and destiate nonfermentative metabolism.
They exhibit oxidase and catalase activities butdeaitrification activity. d-Mannose, d-
galactose, d-fructose, d-glucose, d-xylose, meddbidrehalose, maltose, cellobiose, sucrose,
meso-erythritol, d-mannitol, glycerol, d-sorbitomeso-inositol, succinate, propionate,
butyrate, c-aminobutyrate, dl-hydroxybutyrate, 20kgutarate, pyruvate, fumarate, glycine, I-
a-alanine, b-alanine, I-glutamate, l-arginine,dihe, I-ornithine and |-proline are used. Cells
are resistant to penicillin G, thrimethoprim - sutfethoxazole and furan, and are susceptible
to kanamycin and vibriostatic agent O/129. Cellsndb contain bacteriochlorophyll a. The
G-C content ranges from 57.6 to 58 mol%. Phylogenatalysis places the isolates in a
distinct monophyletic group of the a subclass & Broteobacteria containirfigpseobacter
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spp. Habitats are seawater and marine environméppe strain is BS107(=CIP 105210)
isolated from seawater of larval cultures of thallsp Pecten maximum A Coruia, Galicia,
Spain. G-C content of type strain is 58 mol%.
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