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Vibrio communis sp. nov., isolated from the marine 
animals Mussismilia hispida , Phyllogorgia dilatata, 
Palythoa caribaeorum , Palythoa variabilis and 
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Eight Vibrio Isolates originating from the marine corals Mussismilia hispida and Phyllogorgia 
dilatata and the zoanthlds Palythoa caribaeorum  and Palythoa variabilis In Brazil and the Pacific 
white shrimp (Litopenaeus vannamei) In Ecuador w ere studied by m eans of a polyphaslc approach. 
The novel Isolates formed a tight monophyletlc group In the genus Vibrio and w ere closely related to 
sp ec ie s  of the Vibrio harveyi group, to which they show ed more than 9 9 %  16S  rRNA gene 
seq u en ce  similarity. Analysis based  on concatenated  se q u en ces  of the following seven genes, 1 6S  
rRNA, gyrB , recA, rpoA, topA, pyrH  and mreB  (5633  bp In length), show ed clear separation 
betw een the Isolates and sp ec ies  of the V. harveyi group. Amplified fragment length polymorphism 
(AFLP) analysis, performed previously, revealed that a representative Isolate of this group, LMG 
20370 , w as clearly separa te  from known Vibrio sp ec ie s  (It belonged to the so-called AFLP cluster 
A31). DNA-DNA hybridization (DDEI) experim ents with representative Isolates and type strains of 
the V. harveyi sp ec ies  group revealed high DDEI betw een the novel Isolates (more than 7 4 % ) and 
less than 70 % DDH tow ards type strains of related Vibrio species, proving the novel sp ec ies  sta tus 
of the Isolates. Phenotypically, the novel sp ec ies  belongs to the arginine dlhydrolase (A)-negatlve, 
lysine decarboxylase (L)-posltlve and ornithine decarboxylase (O)-posltlve (A -/L  +  / 0  +  ) cluster 
reported previously. Most sp ec ies  of the V. harveyi group (I.e. Vibrio rotiferianus, V. harveyi, V. 
parahaemolyticus and V. alginolyticus) also belong to this A - / L + / 0 +  cluster. Elowever, several 
phenotypic features can be used  for the Identification of the novel species. In contrast to Its c losest 
phylogenetic neighbours, the novel sp ec ie s  exhibits este rase  (C 4) and A/-acetyl-/E 
glucosam lnldase activities, but It d o e s  not produce acetoln, d o es  not use  citrate, a-ketoglutarlc 
acid or propionic acid and d o es  not ferment mellblose. The novel sp ec ies  can also be differentiated 
on the basis of the p resence  of the fatty acids C-i 7:0, C-i 7 : i co8c, ¡so-C^ 7:0 and ¡so-C^ 3:0 and the 
ab sen ce  of the fatty acid C 18:o- The name Vibrio communis sp. nov. Is p roposed  for this taxon. 
Strain R -404961 (=LM G 2 5 4 3 0 1 =CAIM 1 81 6T) Is the type strain.

Abbreviations: AFLP, amplified fragment length polymorphism; DDH, DNA-DNA hybridization; MLSA, multilocus sequence analysis.

The GenBank/EMBL/DDBJ accession numbers for the sequences of strains of Vibrio communis sp. nov. determined In this study are GU078670- 
GU078676 and AJ345066 (16S rRNA gene), GU078680-GU078684 (gyrB), GU078693-GU078696, EU717055 and EF596446 (recA), 
GU078697-GU078703 and AJ842625 (rpoA), GU078704-GU078710 (topA), GU078691, GU078692, EU251617, EU251620, EU251630, 
EU251638, EU716913 and EF596375 (pyrH) and GU078685-GU078690 (mreB), as detailed In Supplementary Table S1.

Five supplementary tables and eight supplementary figures are available with the online version of this paper.
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The family Vibrionaceae belongs to the Gammaproteo
bacteria and at the time of writing includes six genera: 
Vibrio (Baumann & Schubert, 1984), Photobacterium 
(Baumann & Baumann, 1984), Salinivibrio (Mellado et al, 
1996), Grimontia (Thompson et al, 2003), Enterovibrio 
(Thompson et al, 2002b) and Aliivibrio (Urbanczyk et al, 
2007). The family includes over 115 formally described 
species (http://www.vibriobiology.net/). Vibrios are com
mon inhabitants of aquatic environments, especially the 
ocean, and they are known to live either freely or associated 
as symbionts with aquatic animals in marine or estuarine 
waters or as parasites of fish, crustaceans and molluscs 
(Thompson et al, 2004). Vibrios appear to have a key role 
in the health of corals (Rosenberg et al, 2007). They may 
provide protection against pathogens or contribute to 
nitrogen fixation within the holobiont (Ritchie, 2006; 
Olson et al, 2009). Vibrio harveyi, V. campbellii, V. 
rotiferianus, V. alginolyticus, V. parahaemolyticus, V. natrie
gens and V. mytili are members of the Vibrio core group 
(Dorsch et al, 1992), later called the Harveyi clade (Sawabe 
et al, 2007b). Recently, Vibrio azureus was included in this 
group (Yoshizawa et al, 2009). Bacteria of this clade have 
been found associated with coral disease, as in yellow band 
disease, which is one of the most significant coral diseases of 
the tropics (Cervino et al, 2008). Members ofthe Vibrio core 
group have been described as closely related by 16S rRNA 
gene sequence analysis and, in some cases, are indistin
guishable by more than 100 phenotypic features. For 
instance, several isolates phenotypically identified as V. 
harveyi were in fact shown to be members of V. campbellii by 
means of molecular identification and DNA-DNA hybrid
ization (DDH) (Gomez-Gil et al, 2004). Multilocus 
sequence analysis (MLSA) has become an important 
methodology for studying the taxonomy of Vibrio. It has 
greatly improved species identification and classification 
(Thompson et al, 2005, 2007; Sawabe et al, 2007b) and is 
now widely applied (Sawabe et al, 2007a; Gomez-Gil et al, 
2008; Rameshkumar et al, 2008; Beaz Hidalgo et al, 2009; 
Yoshizawa et al, 2009; Xu et al, 2009; Wang et al, 2010).

In a recent study aimed at the taxonomic characterization of 
vibrios associated with corals in Brazil, several isolates 
potentially belonging to a novel species were obtained 
(Chimetto et al, 2008, 2009; Alves et al, 2010). These 
isolates formed a large, tight group (named LI or V. harveyi- 
like) on the basis of pyrH  gene sequences and were closely 
related to strain LMG 20370. This strain was reported in a 
previous study as a separated group, amplified fragment 
length polymorphism (AFLP) cluster A31, within the Vibrio 
group (Thompson et al, 2001b). In the present study, a 
detailed polyphasic taxonomic analysis was performed in 
order to determine the exact taxonomic position of a 
representative group of eight novel isolates, including LMG 
20370 and seven Brazilian isolates.

The eight isolates originated from different places over a 
period of time (Table 1) and were obtained as described 
previously (Chimetto e ta l, 2008, 2009). Sequences of genes 
encoding the 16S rRNA, recombination repair protein

(recA), topoisomerase I (topA), actin-like cytoskeleton 
protein (mreB), RNA polymerase alpha subunit (rpoA), 
DNA gyrase B subunit (gyrB) and uridylate kinase (pyrH) 
were obtained as described previously (Thompson et al, 
2001b, 2007; Sawabe et al, 2007b). Briefly, PCR products 
were purified with the enzyme Exosap according to the 
instructions of the manufacturer (GE Health Care). 
Subsequently, 5 pi purified PCR products was mixed with 
4 pi ET Terminator Mix (GE Health Care), 0.6 pi sequen
cing primers (20 pmol I-1 ) and 0.4 pi Milli-Q water. The 
thermal program consisted of 30 cycles of 20 s at 95 °C, 15 s 
at 50 °C and 1 min at 60 °C. Purification of the sequencing 
products was done by adding 1 pi ammonium acetate 
(7.5 mol I-1 ) and 27.5 pi absolute ethanol to each product, 
incubating the mixture in the dark for 30 min and sub
sequently centrifuging at 20 800 g  for 75 min at 4 °C. After 
this, the supernatant was removed and 100 pi 70 % ethanol 
was added. A last centrifugation step was performed at 3700 
r.p.m. for 45 m in at 4 °C. Separation of the DNA fragments 
was performed using the MegaBace 1000 system (GE Health 
Care). Voltage and time of injection were 3 kV and 80 s. 
Electrophoresis was performed at 9 kV for 100 min at 44 °C. 
Raw sequence data were transferred to ChromasPro version 
1.34 (Technelysium Pty Ltd), where consensus sequences 
were determined. Sequences were aligned using c l u s t a l  w . 

Pairwise similarity was calculated with the BioNumerics 4.5 
software package (Applied Maths), using an open gap 
penalty of 100 % and a unit gap penalty of 0 %. Similarity 
matrices and phylogenetic trees were constructed using the 
m e g a  software version 4.0 (Tamura et al, 2007). Trees were 
drawn using the neighbour-joining (Saitou & Nei, 1987) and 
maximum-parsimony (Eck & Dayhoff, 1966) methods. The 
robustness of each topology was checked by 1000 bootstrap 
replications (Felsenstein, 1985). The gene sequence data 
obtained in this study are also available through the Taxvibrio 
website (http://www.taxvibrio.lncc.br/). The GenBank acces
sion numbers for the 16S rRNA, gyrB, recA, rpoA, top A, pyrH  
and mreB gene sequences obtained in this study are listed in 
Supplementary Table SI, available in IJSEM Online. DDH 
experiments were performed using the microplate method as 
described in detail previously (Ezaki et al, 1989; Willems 
et al, 2001). The hybridization temperature was 40 °C in the 
presence of 50% formamide. Reciprocal reactions were 
performed for every DNA pair and their variation was within 
the limits of this method (Coris et al, 1998). DDH experi
ments were performed in four replicates. The G +  C content 
of DNA was determined by the HPLC method as described 
previously (Mesbah et al, 1989). Analysis of fatty acid methyl 
esters was carried out as described by Huys et al. (1994). For 
fatty acid analysis, cells were grown on TSA (Difco) supple
mented with 1.5% NaCl for 24 h at 28 °C. Catalase activity 
was determined by adding young cells to a drop of 3 % H20 2 
solution and observation of bubble production. Oxidase 
activity was tested using 1 % N ,N ,N ',N '-tetramethyl p- 
phenylenediamine (Kovács, 1956). Phenotypic characteriza
tion was performed using API ZYM and API 20E strips 
(bioMérieux) and the Biolog GN2 metabolic fingerprinting 
kit as described previously (Thompson et al, 2001a, 2002a).
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Tab le  1. Isolates of Vibrio communis  sp. nov.

Isolate Source Locality Year

R-40496t (=LM G 25430T =CAIM  1816T) Mucus of apparently healthy Grande beach in Sao Sebastiâo 2005
Mussismilia hispida Channel, Sao Paulo, Brazil

R-40498 ( =  LMG 25431) As above As above 2005
R-40501 Mucus o f apparently healthy Preta beach in Sao Sebastiâo 2005

Palythoa caribaeorum Channel, Sao Paulo, Brazil
R-40504 Mucus o f apparently healthy Portinho beach in Sao Sebastiâo 2005

Palythoa variabilis Channel, Säo Paulo, Brazil
R-40506 ( =  LMG 25432) Mucus o f apparently healthy Mussismilia hispida As above 2006
R-40900 As above Abrolhos Bank, Bahia, Brazil 2007
R-40901 ( =  LMG 25433) Mucus o f apparently healthy Phyllogorgia dilatata As above 2007
LMG 20370 Digestive gland of white shrimp (Litopenaeus CENAIM (Ecuador) 2000

vannamei)

The following type strains of phylogenetically closely related 
Vibrio species were included in the phenotypic analyses: V. 
rotiferianus LMG 21460T, V. harveyi LMG 4044T, V. 
parahaemolyticus LMG 2850T, V. alginolyticus LMG 4409T, 
V. campbelliiLMG 11216T, V. natriegens LMG 10935T and V. 
azureus LMG 25266T. The temperature range for growth was 
determined by incubation on tryptone soy agar (TSA; Oxoid) 
supplemented with 2 % NaCl (w/v) at 0-42 °C. Growth at 0 -  
10 % (w/v) NaCl was assessed by incubation on TSA (Oxoid) 
supplemented with NaCl for 72 h at 28 °C.

Phylogenetic analyses based on the 16S rRNA gene 
sequence classified the eight isolates in a tight mono- 
phyletic group in the genus Vibrio (Fig. 1). The eight 
isolates R-40496t , R-40498, R-40501, R-40504, R-40508, 
R-40900, R-40901 and LMG 20370 showed more than 
99.8% mutual 16S rRNA gene sequence similarity. They 
were most closely related to species of the V. harveyi group 
(Reichelt & Baumann, 1973), also called the Vibrio core 
group (Dorsch et al, 1992) or the Harveyi clade (Sawabe 
et a l, 2007b). Phylogenetic analysis with the maximum- 
parsimony method produced results congruent to those 
obtained with the neighbour-joining method (Supple
mentary Fig. SI). The 16S rRNA gene sequence similarity 
of the isolates towards their closest phylogenetic neigh
bours varied between 99.5 % for V. rotiferianus LMG 
21460t  and 98.8% for V. mytili CECT 632T (Supple
mentary Table S2). Trees based on housekeeping genes 
(gyrB, recA, rpoA, topA, pyrH  and mreB) confirmed the 
tight grouping of the novel isolates (Supplementary Figs 
S2-S7). Similarities between the novel isolates were 97.4- 
98.9 % for gyrB, 98.3-99.6 % for recA, 99.4—100 % for rpoA, 
97.0-99.5% for topA, 98.5-99.8% for pyrH  and 95.5-
97.7 % for mreB. Similarities between representative strain 
R-40496t  and the type strains of the phylogenetically 
closest species of the V. harveyi group were 83.9-91.7 % for 
gyrB, 89.0-98.3% for recA, 95.8-98.3% for rpoA, 80.7-
90.7 % for topA, 87.5-96.3 % for pyrH  and 86.4-96.5 % for 
mreB (Supplementary Table S2). These data indicate that 
the isolates belong to a novel species in the V. harveyi 
group, since the gyrB, rpoA, topA and pyrH  gene sequences

have high phylogenetic resolution for species identification 
within the genus Vibrio (Thompson et al, 2005, 2007). 
MLSA of concatenated 16S rRNA, rpoA and pyrH  gene 
sequences confirmed the tight grouping of the eight isolates 
(Fig. 2) and a similar result was obtained by MLSA of 
concatenated 16S rRNA, gyrB, recA, rpoA, top A, pyrH  and 
mreB gene sequences (Supplementary Fig. S8 ). The MLSA 
data confirmed that the eight isolates belong to a novel 
species within the genus Vibrio.

DDH experiments were performed with representative 
strains of the novel group and the type strains of the closest 
phylogenetic neighbours in order to prove that the isolates 
belong to a novel species (Supplementary Table S3). The 
representative strains showed less than 70 % DDH with 
V. harveyi LMG 4044T, V. campbellii LMG 11216T, 
V. rotiferianus LMG 21460T, V. parahaemolyticus LMG 
2850t , V. alginolyticus LMG 4409T, V. natriegens LMG 
10935t  and V. azureus LMG 25266T. DDH between the 
novel isolates varied between 74 and 86 %. DDH between 
LMG 20370 and V. harveyi LMG 4044T was 66 %, whereas 
DDH between LMG 20370 and R-40496T was 79 %. 
Clearly, the DDH data prove that the eight new isolates 
represent a novel species.

Phenotypically, the eight isolates are assigned to the genus 
Vibrio (Alsina & Blanch, 1994) and belong to the arginine 
dihydrolase (A)-negative, lysine decarboxylase (L)-positive 
and ornithine decarboxylase (O)-positive (A—/L +  /0  +  ) 
cluster (Noguerola & Blanch, 2008). Based on 16S rRNA 
gene sequence comparisons and MLSA data, most of 
the phylogenetically related species, i.e. V. rotiferianus, 
V. harveyi, V. parahaemolyticus and V. alginolyticus, belong 
in the same phenotypic cluster (A—/L +  /0  +  ). However, 
V. campbellii and V. natriegens belong to the A —IL—1 0 -  
cluster and V. mytili belongs to the A +  /L—IO — cluster 
according to Noguerola & Blanch (2008). Several pheno
typic features can be used to differentiate the novel species 
from its closest neighbours (Table 2). In contrast to its 
closest neighbours, the novel species exhibits esterase (C4) 
and N-acetyl-/î-glucosaminidase activities, but it does not 
produce acetoin and does not utilize citrate, a-ketoglutaric
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71 , R-40901 (GU078671)
J R-40498 (GU078673)
1 R-40501 (GU078674)

R-40506 (GU078676) y  y communis 
LMG 20370 (AJ345066) ^  communis
R-40900 (GU078670) 

h R-40496T (GU078672) 
i1 R-40504 (GU078675) .

B ij—  V. harveyi ATCC 141 2 6 T (X74706)
P- V. rotiferianus R -14939T (AJ316187)

T r  V. alginolyticus ATCC 1 774 9 T (X56576)
791-  V. campbellii ATCC 2 5 9 2 0 1 (X56575) 
i— V. natriegens ATCC 14 0 4 8 T (X 74714)

T- V. parahaemolyticus ATCC 1 78 0 2 T (X74720)
>— V. azureus L C 2-0051 (A B 428897)

-  I/, mytili CECT 6 32T (X99761)
V. diabolicus H E800T (X99762)

 V. nigripulchritudo ATCC 2 7 0 4 3 T (X7471 7)
V. tubiashii ATCC  191 0 9 T (X74725)

 V. xuii R -15052T (AJ316181)
9 3 1 V. brasiliensis LMG 2 0 5 4 6 T (N R _025477) 

loo,--------------V. coralliilyticus LMG 2 0 9 8 4 T (A J440005)
V. neptunius  LMG 2 0 5 3 6 T (AJ31 61 71)

------------- V. vulnificus ATCC  2 7 5 6 2 T (X76333)
1 0 0 1— V. mediterranei CÍP 10 3 2 0 3 T (X74710)

P—  V. shilonii AK1T (A F007115)
—  V. aestuarianus ATCC 3 5 0 4 8 T (X74689)
i—  V. chagasii R-371 2T (AJ31 6199)
'---------- V. splendidus  ATCC 331 25T (X 74724)
----------- Escherichia coli DH1 (C P 0 0 1 637)

Fig. 1. Neighbour-joining phylogenetic tree 
showing the phylogenetic position of strains of 
Vibrio communis sp. nov. based on 16S rRNA 
gene sequences (1470 bp). The optimal tree 
with the sum of branch lengths=0.28450859 
is shown. Evolutionary distances were com
puted using the Jukes-C antor method. All 
positions containing alignment gaps and 
missing data were eliminated only in pairwise 
sequence comparisons (pairwise deletion 
option). Bootstrap values (> 7 0 % ) based on 
1000 repetitions are shown. The bootstrap 
value for the V. communis branch was also 
computed by the maximum-parsimony method 
(neighbour-joining/maximum-parsimony). The 
sequence of Escherichia coli DH1 was used 
as an outgroup. Bar, 0.5 % estimated sequence 
divergence.

acid or propionic acid. It also does not ferment melibiose, 
but it ferments amygdalin and has weak growth on 8 % 
NaCl. Yellow colonies are observed on thiosulfate-citrate- 
bile salts-sucrose (TCBS) agar and beige, translucent 
colonies on marine agar. Phenotypic variation was observed 
among the isolates (Supplementary Table S4), suggesting a 
good representation of the phenotype of the novel species. 
The novel isolates can also be differentiated from their

R-40498 
R-40504 
R-40900 
R-40901 

r  R-40506 
LMG 20370 

r  R-404961 
L R-40501 

—  V. campbellii LMG 1 1 2 1 6T 
V. harveyi LMG 4 0 4 4 T 
V. rotiferianus LMG 2 1 4 6 0 T

16 S  rRNA \\rpoA  pyrH

J
Total len g th  2 7 9 1  bp

L

> V. communis

V. alginolyticus LMG 4 4 0 9 T 
 V. mytili LMG 1 91 57T
—  V. parahaemolyticus LMG 285 0 T 
V. natriegens LMG 1 09 3 5 T

— V. chagasii LMG 2 1 35 3 T 
V. neptunius LMG 2 0 5 3 6 T

— V. coralliilyticus LMG 2 0 9 8 4 T 
 V. mediterranei LMG 11 258T
— V. nigripulchritudo LMG 389 6 ' 
 Escherichia coli DH1

Fig. 2. Neighbour-joining phylogenetic tree showing the phylo
genetic position of strains of V. communis sp. nov. based on 
concatenated 16S rRNA (1470  bp), rpoA (790  bp) and pyrH  
(531 bp) gene sequences. Evolutionary distances were computed 
using the Jukes-C antor method. Phylogenetic analyses were 
conducted in m e g a 4 . Bootstrap values (> 7 0 %) based on 1000 
repetitions are shown. Numbers at nodes denote bootstrap values 
derived from the neighbour-joining/maximum-parsimony methods; 
- ,  < 7 0  %. The sequence of Escherichia coli DH1 was used as an 
outgroup. Bar, 2 % estimated sequence divergence.

neighbours on the basis of the presence of the fatty acids 
C i7: o, C i7 : ifu8c, iso-Ci7 :o and iso-Ci3:0 and the absence of 
the fatty acid C i8:0, which is normally present in other 
species of the V. harveyi group (Supplementary Table S5).

Based on the polyphasic analysis presented in this study, we 
propose to classify the eight isolates in the novel species 
Vibrio communis sp. nov. The novel species can be 
differentiated from its phylogenetic neighbours by means 
of AFLP (Thompson et al., 2001b), MLSA, DDH and 
several phenotypic and chemotaxonomic tests.

Description of Vibrio communis sp. nov.
Vibrio communis (com.mu'nis. L. masc. adj. communis 
common, widespread, referring to the frequent isolation of 
the species in the marine environment).

Cells are Gram-negative, motile bacilli, 1 pm wide and 2.5- 
3.5 pm long. Catalase- and oxidase-positive. Forms trans
lucent, convex, smooth-rounded colonies with entire 
margins, beige in colour and 1 mm in diameter after 
1 day of incubation at 28 °C on TSA. Prolific growth occurs 
at 15-37 °C and at 0.5-6.0%  (w/v) NaCl. Weak growth is 
observed in the presence of 8 % NaCl. No growth is observed 
in the absence of NaCl or at or above 9 % NaCl, at 7 °C or 
below or at 42 °C or above. Yellow colonies are observed on 
the selective medium TCBS. Positive for alkaline phospha
tase, esterase (C4), esterase lipase (C8 ), lipase (C14), leucine 
arylamidase, valine arylamidase, trypsin, a-chymotrypsin, 
acid phosphatase, naphthol-AS-BI-phosphohydrolase, ß-galac- 
tosidase, N-acetyl-ß-glucosaminidase, a-glucosidase (except 
R-40498), lysine decarboxylase and ornithine decarboxylase 
(except R-40900) enzyme activities, production of indole 
and acetoin (Voges-Proskauer), fermentation of glucose, 
mannitol, sucrose and amygdalin, gelatinase diffusion
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Tab le  2. Differential phenotypic characteristics of strains of V. communis sp. nov. and related species 
of the genus Vibrio

Strains: 1, V. communis sp. nov. (eight strains); 2, V. rotiferianus LMG 21460T; 3, V. harveyi LMG 4044T; 
4, V. parahaemolyticus LMG 2850T; 5, V. alginolyticus LMG 4409T; 6, V. campbellii LMG 11216T; 7, V. natriegens 
LMG 10935t ; 8, 14 azureus LMG 25266T. + ,  Positive; —, negative; w, weakly positive. Data were obtained in 
this study. Species are assigned to phenotypic clusters according to Noguerola & Blanch (2008); characteristics 
in bold are useful to differentiate A —/L +  / 0 +  species according to Noguerola & Blanch (2008).

Characteristic A - /L + /0  + A - / L - / 0 -

1 2 3 4 5 6 7 8

Growth in NaCl at:
8 % (w/v) w - - + + w + -
10% (w/v) - - - - + - - -

Production of:
Indole + + + + + + - -
Acetoin + - - - + - - +

Enzyme activities
Esterase (C4) + + - + + + - -
Lipase (C14) + - + - - + + -
jS-Galactosidase + - + - - - + -
N - Acetyl-/f-glucosaminidase + - - + + + - +
a-Chymotrypsin + + + - - + - -
Tryptophan deaminase - + - - - - + -
Urea - + - - - - + -

Utilization of:
L-Arabinose - + - + - w + -
Citrate - - + - - - + -
cis-Aconitic acid - - + w + - + -
a-Ketoglutaric acid - - + - + - + -
Propionic acid - - + - + - + -
L - Glutamic acid + - + w + + + w
Sucrose + + + - + - - -
Glycerol + - - + + + - -
L-Alanine + w + - + - - -
L-Alanyl glycine + - + - + + - w
DL-a-Glycerol phosphate + - - + + + - -

Fermentation of:
Amygdalin + + - - - + - +
Melibiose — + + — — — + —

(except R-40504) and nitrate reduction to nitrite; weakly 
positive for ß-glucosidase activity (negative for R-40496T, 
R-40498, R-40900 and R-40901). Negative for cystine 
arylamidase, a-galactosidase, ß-glucuronidase, a-mannosi- 
dase, a-fucosidase, arginine dihydrolase, urease and trypto
phan deaminase enzyme activities, citrate utilization (except 
R-40498), H 2S production, fermentation of inositol, 
sorbitol, rhamnose, melibiose and arabinose and reduction 
of nitrate to dinitrogen gas. All known strains utilize 
a-cyclodextrin, dextrin, glycogen, Tweens 40 and 80, 
N-acetyl-D-glucosamine, cellobiose, D-fructose, a-D-glu- 
cose, maltose, D-mannitol, D-mannose, psicose, sucrose, 
trehalose, methyl pyruvate, D-gluconic acid, DL-lactic acid, 
alaninamide, L-alanine, L-alanyl glycine, L-asparagine, 
L-aspartic acid, L-glutamic acid, glycyl L-aspartic acid, glycyl 
L-glutamic acid, L-threonine, inosine, uridine, thymidine, 
glycerol, DL-a-glycerol phosphate, glucose 1-phosphate and

glucose 6-phosphate. None of the known strains utilizes 
N-acetyl-D-galactosamine, adonitol, L-arabinose, D-arabitol, 
i-erythritol, L-fucose, m yo-inositol, lactose, lactose lactulose, 
melibiose, raffinose, L-rhamnose, turanose, xylitol, acetic 
acid, cis-aconitic acid, citric acid, formic acid, D-galactonic 
acid lactone, D-galacturonic acid, D-glucosaminic acid, 
/î-hydroxybutyric acid, y-hydroxybutyric acid, p-hydroxy- 
phenylacetic acid, itaconic acid, a-ketoglutaric acid, a- 
ketovaleric acid, malonic acid, propionic acid, quinic acid, 
D-saccharic acid, sebacic acid, succinamic acid, L-histidine, 
L-leucine, L-ornithine, L-phenylalanine, L-pyroglutamic 
acid, DL-carnitine, y-aminobutyric acid, phenylethylamine, 
putrescine, 2-aminoethanol or 2,3-butanediol. Utilization 
of the following compounds is variable (results in 
parentheses are from the type strain): D-galactose ( — ), 
gentiobiose ( +  ), methyl ß-D-glucoside ( — ), D-sorbitol ( — ), 
monomethyl succinate ( — ), a-hydroxybutyric acid ( +  ),
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a-ketobutyric acid ( +  ), succinic acid ( +  ), bromosuccinic 
acid ( +  ), glucuronamide ( +  ), D-alanine ( —), hydroxy-L- 
proline ( —), L-proline ( +  ), D-serine ( —), L-serine ( +  ) and 
urocanic acid ( +  ) (Supplementary Table S4). The fatty acid 
profiles of the eight known isolates are similar. The main 
cellular fatty acids are summed feature 3 (iso-Ci5:0 2 -OH 
and/or Ci6 : itw7c), Clg:1m7c, Ci6:0 and Ci4:0 (Supple
mentary Table S5). The following fatty acids are present in 
small amounts: summed feature 2 (Ci4:0 3-OH and/or iso- 
C16. i I, an unidentified fatty acid with an equivalent chain- 
length of 10.928 and/or Ci2:o ALDE), Ci2:o 3-OH, Ci2:0, 
iso-Ci6 :o> C i7:o, Ci7: itu8c, iso-Ci7:0 and ÍS0 -C13 :o- The DNA 
G +  C content of the type strain is 45.8 mol%; the range for 
the eight known strains is 45.2-46.0 mol%.

The type strain, R-40496T (=LM G 25430T =CAIM 1816T), 
was isolated from mucus of the endemic coral Mussismilia 
hispida in the Sao Sebastiâo channel, SP, Brazil. Other 
strains are detailed in Table 1.
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