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A novel Gram-stain-negative, rod-shaped (1.0-1.2x2.0-8.0 um), non-motile without flagella
strain, designated HSF7", was isolated from deep seawater. Strain HSF7" was able to grow at
20-40 °C (optimum 35 °C), pH 5.5-9.0 (optimum pH 6.5) and 0-10 % (w/v) NaCl (optimum 2
%). The G+C content of the genomic DNA was 69 mol%. Bacteriochlorophyll a and poly-3-
hydroxybutyrate (PHB) granules were not found. The major fatty acids were Cyg.1w7¢ (69.3 %),
Ci6:0 (9.1%) and Cyg. cyclo w8c (6.6 %). The polar lipids were phosphatidylglycerol, three
unknown aminophospholipids, an unknown phospholipid, an unknown aminolipid and two
unknown lipids. The only isoprenoid quinone was Q-10. 16S rRNA gene sequence analysis
revealed that strain HSF7" was most closely related to Thalassobaculum salexigens DSM
19539, Thalassobaculum litoreum DSM 18839", Nisaeadenitrificans DSM 18348" and
Oceanibaculum indicum MCCC 1A02083with pairwise sequence similarities of 95.56 %,
95.21 %, 93.64 % and 92.65 %, respectively. On the basis of genotypic, phenotypic,
phylogenetic and chemotaxonomic characteristics, strain HSF7" represents a novel species of
the genus Thalassobaculum, or which the name Thalassobaculum fulvum sp. nov. is proposed.
The type strain is HSF7"(=KCTC 42651"=MCCC 1K01158").

The genus Thalassobaculum, belonging to family Rhodospir-
illaceae, was first proposed by Zhang et al. (2008). At the
time of writing, the genus Thalassobaculum comprises two
species with validly published names according to LPSN
(Euzeby, 1997; http://www.bacterio.net/index.html): Tha-
lassobaculum litoreum (Zhang et al., 2008)and Thalassobacu-
lum salexigens (Urios et al., 2010). Both these species were
isolated from coastal seawater. Here we present a novel
strain named HSF7", which was isolated from deep seawa-
ter in the South China Sea. Based on phylogenetic, genomic,
chemotaxonomic and phenotypic characteristics, we pro-
pose that this strain represents a novel species of the genus
Thalassobaculum.

A bottle of seawater was collected in October 2011 from the
South China Sea (19°22” N 115° 38’ E) at a depth of 2.5 km.
The sample was stored at 4 °C in the lab until it was used. A

Abbreviations: PHB, poly-B-hydroxybutyrate.

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene
sequence of strain HSF7" is KP976094.

Four supplementary figures and a supplementary table are available with
the online Supplementary Material.

standard dilution-plating method (Williama & Davies,
1965) on modified marine agar 2216 (MA) (Pan et al,
2014) at 28 °C was used for isolation. Based on colony mor-
phology (Kumar et al., 2012), an opaque, regular-edged and
yellowish-brown colony was picked and named strain
HSF7". After purification, the strain was preserved as sus-
pensions with 30 % (v/v) glycerol at —80 °C, and was also
freeze-dried for long-term preservation.

The Gram-staining reaction was carried out according to
Claus (1992). Cell morphology and the presence of flagella
were observed by transmission electron microscopy (JEM-
1230; JEOL) when cells were in the exponential phase of
growth on the MA plate at 30 °C. Gliding motility was
performed by the hanging-drop method (Suzuki, 2001).
Poly-B-hydroxybutyrate (PHB) granules were assessed by
staining with Sudan Black (Mesquita et al., 2015). Bacterio-
chlorophyll a was exacted according to Zhang et al. (2008)
and the absorption spectrum was measured at 300-800 nm
(Kumar et al., 2012) with ethanol as a blank. The tempera-
ture range for growth was determined in marine broth
2216 (MB; Difco) at 4, 10, 15, 20, 25, 28, 30, 35, 40, 45, 50
and 55 °C. The pH range for growth in MB was measured
from pH 4.5 to pH 10.0 with an interval of 0.5 units, using
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40 mM of the following buffers to maintain pH: MES
(for pH 4.5-6.0), PIPES (for pH 6.5-7.5), Tricine (for pH
8.0-8.5) and CAPSO (for pH 9.0-10.0). Tolerance of NaCl
was at 0, 0.5, 1, 2, 3, 4, 5, 6,7, 8,9, 10, 12, 15, 18 and 20 %
(w/v) NaCl. Growth in the modified MB with 2 % (w/v)
NaCl as the sole salt was also determined.

Catalase and oxidase activity was tested by the method
described by Wu ef al. (2010) and Kovacs (1956), respec-
tively. H,S production, indole production, methyl red
(MR) and Voges—Proskauer (VP) tests, and hydrolysis of
casein and gelatin were assayed according to Zhang et al.
(2013). Tweens 20, 40, 60 and 80 were examined as
described by Sun et al. (2015). Hydrolysis of tyrosine, CM-
cellulose, xanthine and hypoxanthine were separately
determined on MA with 0.5% (w/v) tyrosine, 1% (w/v)
CM-cellulose, 0.4 % (w/v) xanthine and 0.4 % (w/v) hypo-
xanthine, respectively. Other biochemical properties and
enzyme activities were tested using API ZYM and API
20NE strips (BioMérieux) following the manufacturer’s
instructions.

Different concentrations of yeast extract and trypticase pep-
tone were tested to confirm the basal medium for the
experiments on utilization of carbon sources, and yeast
extract was found to be essential for growth, but not trypti-
case peptone. Basal medium was subsequently prepared for
the substrate utilization experiments and comprised modi-
fied MB with 0.01% (w/v) yeast extract and removal of
trypticase peptone. The utilization of carbon sources was
tested in the basal medium with 0.4 % carbon source, such
as sugar, alcohol or organic acid. In the test, basal medium
with substrates but without inoculation was a blank control
and growth in the basal medium with inoculation but with-
out substrates was the negative control. Growth was mea-
sured as absorbance at 600 nm. When the ODgoy measured
in the test was equal to or less than the negative control,
it was considered negative, and the thresholds of being
weakly positive and positive were two-fold and more than
two-fold of the negative control, respectively.

Anaerobic growth was tested in the modified MB with
sodium thiosulfate (20 mM), sodium sulfite (5 mM),
sodium sulfate (20 mM), sodium nitrite (5 mM), sodium
nitrate (20 mM) and L-arginine (5 g 17" as electron accept-
ors, cysteine (1 g1 ') as reductant and resazurin (1 mgl ')
as oxygen indicator. Hungate tubes filled with N, were used
for the test. For antimicrobial susceptibility tests, plates with
exponential phase cells spread and incubated on MA at
30 °C for 6 h were used . The pretreated plate with antibiot-
ics discs added was then incubated at 30 °C for 3 days. The
antibiotic discs contained the following (ug per disc unless
otherwise stated): ampicillin (10), gentamicin (10), erythro-
mycin (15), penicillin (10 IU), polymyxin B (30 IU), strepto-
mycin (10), chloramphenicol (30), nalidixic acid (30),
furazolidone (30), co-trimoxazole (1.25), ciprofloxacin (5),
ofloxacin (5), minocycline (30), piperacillin (100), ceftriax-
one (30), doxycycline (30), cefoperazone (75), norfloxacin
(10), cefalexin (30), cefazolin (30), neomycin (30),

carbenicillin (100), amoxicillin (10), cefotaxime (30), cefalo-
tin (30), cefalotin (30), cefradine (30), kanamycin (30) and
amikacin (30).

Genomic DNA of the strain HSF7' was extracted by a
Quick Bacteria Genomic DNA Extraction kit (DongSheng
Biotech). The 16S rRNA gene was amplified by PCR
using universal primer pair 27F (5-GAGAGTTT-
GATCMTGGCTCAG-3") and 1492R  (5-TACGGY-
TACCTTGTTACGAC-3'). The purified PCR products were
cloned into the vector pMDI19-T (TaKaRa) and then
sequenced. Multiple sequences alignment was performed
with the CLUSTAL X program of the MEGA5 software package
(Tamura et al., 2011). Phylogenetic trees were reconstructed
using the following three methods: neighbour-
joining (Saitou & Nei, 1987), maximum-likelihood (Felsen-
stein, 1981) and maximum-parsimony (Fitch, 1987), within
the MEGA5 package. Bootstrap analysis was based on 1000
replications. The G+C content of the genomic
DNA of strain HSF7" was determined by HPLC according
to the method of Mesbah et al. (1989).

After incubation in MB at 30 °C for 2 days, cells in expo-
nential phase were freeze-dried and used for fatty acid
methyl esters (FAMEs), polar lipid and isoprenoid quinone
analyses. FAMEs were extracted as described by Kuykendall
et al. (1998) and analysed by the Sherlock Microbial Identi-
fication System (MIDI). Polar lipids were extracted using
80 ml chloroform/methanol/water (1: 2 : 1, by vol,), sepa-
rated by two-dimensional TLC on silica gel 60 F,s, plates
(Merck) and then analysed as described by Xu et al. (2011).
Isoprenoid quinones were analysed as described by Minni-
kin et al. (1984).

Cells of strain HSF7' were Gram-stain-negative, rod-
shaped, non-motile without flagella and strictly aerobic
(Fig. S1, available in the online Supplementary Material).
Colonies were sticky after strain HSF7" grew on MA at
30°C for 4 days. Strain HSF7" grew at 20-40 °C (optimum
35°C), pH 5.5-9.0 (optimum pH 6.5) and with 0-10 %
NaCl (optimum 2%). Strain HSF7" was susceptible to
ampicillin (10 pg), penicillin G (10 IU), streptomycin (10
pg), chloramphenicol (30 pg), ciprofloxacin (5 pg), ofloxa-
cin (5 pg), ceftriaxone (30 pg), cefoperazone (75 pg), nor-
floxacin (10 pg), clindamycin (2 pg), oxacillin (1 ng),
medemycin (30 pg), cefalexin (30 pg), cefazolin (30 ng),
carbenicillin (100 pg), amoxicillin (10 ug), cefotaxime
(30 pg), cefalotin (30 pg) and cefalotin (30 pg), but resistant
to gentamicin (10 pg), erythromycin (15 pg), polymyxin B
(30 IU), nalidixic acid (30 pg), furazolidone (30 ug), co-tri-
moxazole (1.25 pg), minocycline (30 ng), piperacillin
(100 pg), doxycycline (30 pg), clindamycin(2 pg), oxacillin
(1 pg), medemycin (30 pg), cefazolin (30 pg), neomycin
(30 pg), cefradine (30pg), kanamycin (30 pg) and amikacin
(30 pg). Detailed physiological and biochemical properties
are displayed in Table 1 and the species description.

On the basis of 16S rRNA gene sequence similarity, strain
HSF7" was affiliated with the family Rhodospirillaceae and
shared high sequence similarities with  genera
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Table 1. Comparison of the phenotypic characteristics of strain HSF7" and related reference strains

Strains: 1, HSF7"; 2, T. litoreun DSM 18839"; 3, T. salexigens DSM 195397 (Urios et al, 2010); 4, N. denitrificans DSM 18348%; 5, O. indicum
MCCC 1A02083". All data from this study except where otherwise indicated. All strains were positive for oxidase and catalase. All strains, except

T. salexigens DSM 195397 (no data available), were negative for hydrolysis of casein, CM-cellulose, xanthine, hypoxanthine and Tweens 40, 60 and

80, indole production, and methyl red and Voges—Proskaur tests. +, Positive; w, weakly positive; —, negative, Mp, monopolar; ND, no data

available.

Characteristic

1

2

3

4

5

Colony colour

Cell size (widthxlength;
Hm)

Flagella

Temperature range for
growth (optimum) (°C)

pH range for growth
(optimum)

Salt tolerance (optimum)
(%, w/v)

Growth with NaCl as the
sole salt

Hydrolysis of:

Gelatin

Tyrosine

H,S production

Reduction of nitrate to
nitrite

Utiliazation of:
D-Ribose

D-Fructose

D-Glucose

Trehalose

D-Galactose

Lactose

Sucrose

Acetate

Raffinose

Inositol

Xylitol

Succinate

API ZYM tests

Lipase (C14)

Valine arylamidase
Cystine arylamidase

a-Chymotrypsin

API 20NE tests

Urease

DNA G+C content (mol
%)

Polar lipidst

Yellowish-brown
1.0-1.2x2.0-8.0

20-40 (35)
5.5-9 (6.5)

0-10 (2)

+ + +

= +

+ + + +

+
69

PG, PN2, PL1, LI,
AL3, PN3, PN4, 12

Cream—yellow**

0.3—0.56x1.3—1.5"

Mp*

10-35 (30-35)"
7-9 (8)"

1-10 (2.0-4.0)"

+
68

PG, PN2, PN1, L1, L3,

PN4,PL2, 14, L2

Cream
0.7+0.2x1.6%0.3

MP
15-37 (30)

5-10 (8)

0.7-5.4 (3.4-4.0)

ND

ND

ND
ND

ND
65

ND

b
Cream

0.9+0.2x2.5+0.6"

MPb

15-44 (30)°
5.0-9.0 (6.0)

0-6.0 (2.0)°

+ o+ o+

+

+ +

= +

60"

PG, PN2, PN

10-42 (25-37)°
b 6-11 (7-9)°

0-9.0 (0.5-7.0)°

L PG, PN2, AL3,
PN3, PN4, PN5

PL3,

0.6—1.

Grey*
5%2.3—2.5¢

MP©

+

I+ +

+ +

65°

PL4, PL5

*Data from: a, Zhang et al., 2008 b, Urios et al., 2008 ¢, Lai et al., 2009a.

tPG,
L, unidentified lipid.

phosphatidylglycerol;

PN, unidentified

aminophospholipid;

PL,

unidentified phospholipid; AL,

unidentified

aminolipid;

2188

International Journal of Systematic and Evolutionary Microbiology 66


http://dx.doi.org/10.1601/nm.13788
http://dx.doi.org/10.1601/nm.15060
http://dx.doi.org/10.1601/nm.13747
http://dx.doi.org/10.1601/nm.14501
http://dx.doi.org/10.1601/nm.15060

Thalassobaculum fulvum sp. nov.

Thalassobaculum, Nisaea and Oceanibaculum, of which type
species were Thalassobaculum litoreum DSM 18839%(95.21),
Nisaea denitrificans DSM 18348" (93.64 %) and Oceanibac-
ulum indicum MCCC 1A020837(92.65 %), respectively,
sharing low sequence similarities (<92 %) with other spe-
cies of the family Rhodospirillaceae. Though the three genera
above formed an independent cluster on all the three types
of phylogenetic trees (Figs 1, S3 and S4), strain HSF7" sol-
idly clustered with the genus Thalassobaculum in the phylo-
genetic trees, supporting that strain HSF7" is a novel species
of the genus Thalassobaculum.

The only isoprenoid quinone in strain HSF7' was Q-10,
which was the same as T. litoreum DSM 188397, N. denitrifi-
cans DSM 18348" and O. indicum MCCC 1A02083". Strain
HSF7" had a similar DNA G+C content (69 mol%) as T.
litoreurn DSM 18839 (68 mol%) (Zhang et al., 2008), while
N. denitrificans DSM 18348" and O. indicum MCCC
1A02083" were 60 mol% (Urios ef al., 2008) and 65 mol%
(Lai et al., 2009a), respectively.

The fatty acid profiles of strain HSF7" and the reference
strains are shown in Table S1. The major fatty acids (>5 %)
of strain HSF7", Cis.,w7¢ (69.3%), Cis.0 (9.1%) and
Cio.0 cyclo w8c (6.6 %), were similar to T. litoreurn DSM
18839, though proportional differences existed. The major
fatty acid Cy9.¢ cyclo w8c was found in strain HSF7", but
not in N. denitrificans DSM 18348". Strain HSF7" showed
differences from O. indicum MCCC 1A02083", such as with
Cis.0 3-OH (trace v. 1.9, respectively), summed feature 2
(Ci6.1 iso I and/or Cy4.9 3-OH) (trace v. 3.3 %, respec-
tively) and Cyq.¢ cyclo w8c (6.6 % vs 18.3 %, respectively).
The polar lipids of strain HSF7"and the reference strains
are shown in Fig. S2. Strain HSF7" had a similar polar lipid
profile to T. litoreum DSM 18839", such as the major polar
lipids phosphatidylglycerol (PG), unknown aminophospho-
lipid PN2 and unknown lipid L1, and the minor polar lipids
PN4 and L2. The differences were that the minor polar lip-
ids L4 (unknown lipid), PL2 (unknown phospholipid) and
PN3 (unknown aminophospholipid) were absent in strain
HSF7".

0.01

100

58

100

Azospirillum zeae NTT (DQ682470)

Azospirillum oryzae COC8T (AB185396)

Azospirillum lipoferum NCIMB 118617 (Z29619)
Azospirillum picis IMMIB TAR-3T (AM922283)
Azospirillum thiophilum BV-ST (EU678791)
Azospirillum doebereinerae GSF717 (AJ238567)
Azospirillum brasilense ATCC 49958 (AY 150046)
Azospirillum canadense DS2T (DQ393891)

93 Azospirillum rugosum IMMIB AFH-6T (AM419042)
Lacibacterium aquatile LTC-2T (HE795994)
Skermanella aerolata 5416T-32T (DQ672568)

Stella humosa DSM 59007 (AJ535710)

*

Stella vacuolata DSM 59017 (AJ535711)

82

Oceanibacterium hippocampi BFLP-8T (FN687912)

100

Tistlia consotensis USBA 3557 (EU728658)

ceanibaculum pacificun MC2UP- L3T (FJ463255)

. e 0
o8 100 LM

Oceanibaculum indicum MCCC 1A02083T (EU656113)

saea nitritireducens DR41_18T (DQ665839)
Nisaea denitrificans DSM 18348T (DQ665838)
70 Thalassobaculum fulvum HSFTT (KP976094)
94 tThalassobaculum salexigens DSM 19539T (EU008565)
Thalassobaculum litoreum DSM 18839T (EF203900)
100 Inquilinus limosus DSM 16000T (AY043374)

Inquilinus ginsengisoli Gsoil 080" (AB245352)

Rhodospirillum rubrum ATCC 111707 (CP000230)

Fig. 1. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, showing the relationship of strain HSF7"
with related taxa. Rhodospirillum rubrum ATCC 11170 was used as an outgroup. Numbers at nodes are bootstrap values
based on 1000 replications; only values >50 % are shown. Filled circles indicate nodes also obtained in both maximum-likeli-
hood and maximum-parsimony trees. Bar, 0.01 substitutions per nucleotide position.
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Not only data from the phylogenetic, genomic and chemo-
taxonomic analyses above but also phenotypic characteris-
tics clearly indicated that strain HSF7" belonged to the
genus Thalassobaculum. For example, both strain HSF7T
and T. litoreun DSM 18839" could not grow when NaCl
was used as the sole salt while O. indicum MCCC 1A02083"
could. Urease and hydrolysis of gelatin were positive in
both strain HSF7T and T. litoreurn DSM 18839T, while neg-
ative in both N. denitrificans DSM 18348" and O. indicum
MCCC 1A02083". On the contrary, H,S production and
the utilization of D-fructose and lactose were negative in
both strain HSE7" and T. litoreum DSM 188397, but posi-
tive in both N. denitrificans DSM 18348" and O. indicum
MCCC 1A02083". However, some phenotypic differences
could be easily found between strain HSF7" and T. litoreum
DSM 188397, For example, cells of strain HSF7" had no fla-
gella, but T. litoreurn DSM 18839 had a polar flagellum; the
optimal pH of strain HSF7' (pH 6.5) was lower than
that of T. litoreurn DSM 18839T (pH 8); and strain HSE7T
could grow at 40 °C, but T. litoreurn DSM 18839" could
not. Furthermore, hydrolysis of tyrosine and utilization of
D-ribose, D-glucose, trehalose, D-galactose and xylitol were
positive in strain HSF7", but negative in T. litoreurn DSM
188397, Compared with T. salexigens DSM 19539%, the
other species of the genus Thalassobaculum, strain HSF7T
had the same isoprenoid quinone and similar fatty acid pro-
files (Urios et al., 2010). Nevertheless, strain HSF7" was dif-
ferent from T. salexigens DSM 19539" in some phenotypic
characteristics as follows. Strain HSF7" could reduce nitrate
to nitrite, but T. salexigens DSM 19539 could not. In
the API ZYM system, strain HSF7" was positive for alkaline
phosphatase, esterase (C4), esterase lipase (C8), lipase
(C14), cysteine arylamidase, a-chymotrypsin and naphthol-
AS-BI- phosphoamidase activities, while T. salexigens DSM
195397 was negative (Urios et al., 2010). Strain HSF7*
could not utilize D-fructose and mannitol, while T. salexi-
gens DSM 19539" could in Biolog GN2 MicroPlates (Urios
et al, 2010). More detailed differences are shown in
Table 1.

On the basis of the phylogenetic, genomic, chemotaxo-
nomic and phenotypic characteristics, we propose that
strain HSF7" represents as a novel species of the genus Tha-
lassobaculum, named Thalassobaculum fulvum sp. nov.

Description of Thalassobaculum fulvum
Sp. NOV.

Thalassobaculum  fulvum (ful’'vam. L. neut. adj. fulvum
yellowish-brown).

Colonies on MA after incubation for 4 days at 30 °C are cir-
cular, opaque, regular-edged, yellowish-brown, shiny, con-
vex and 1.0-2.0 mm in diameter. Cells are approximately
1.0-1.2 pm wide and 2.0-8.0 pm long. Growth occurs at
20-40 °C (optimum, 35 °C), pH 5.5-9.0 (optimum pH 6.5)
and with 0-10 % NaCl (optimum 2 %). No growth occurs
in media containing only NaCl as the sole salt.

Bacteriochlorophyll a and PHB granules are not detected.
No growth is observed under anaerobic conditions in modi-
fied MB. Nitrate can be reduced to nitrite, but not to N,.
Hydrolysis of casein, CM-cellulose, xanthine and hypoxan-
thine are negative, as well as indole production, H,S pro-
duction, methyl red and Voges—Proskaur tests. Oxidase,
catalase and gelatinase activities are positive. Hydrolyses
Tween 20 and tyrosine, but not Tween 40, 60, 80. In API
ZYM tests, positive for alkaline phosphatase, esterase (C4),
esterase lipase (C8), lipase (C14), leucine arylamidase,
valine arylamidase, cysteine arylamidase, a-chymotrypsin,
acid phosphatase, naphthol-AS-BI- phosphoamidase, but
negative for trypsin, a-galactosidase, B-galactosidase, B-glu-
curonidase, a-glucosidase, B-glucosidase, N-acetyl--gluco-
saminidase, a-mannosidase and a-fucosidase. In API 20NE
tests, positive for reduction of nitrate, urease and hydrolysis
of gelatin, but negative for production of indole, fermenta-
tion of arginine dihydrolase, D-glucose, B-galactosidase,
hydrolysis of aesculin and assimilation of glucose, arabinose,
mannose, mannitol, maltose, phenylacetate, caprate, adi-
pate, N-acetylglucosamine, potassium gluconate, malate
and citrate. In carbon source utilization tests, positive for D-
glucose, trehalose, D-galactose, erythritol and xylitol, weakly
positive for succinate and pyruvate, and negative for D-
ribose, D-fructose, lactose, sucrose, acetate, raffinose,
inositol, a-ketoglutaric acid, xylose, mannitol, citrate, L-
rhamnose, salicin and oxalate. The isoprenoid quinone is
Q-10. Dominant cellular fatty acids are C;g.,w7¢, Cy4.0 and
Ci9.0 cyclo w8c. The polar lipids are phosphatidylglycerol,
three unknown aminophospholipids (PN2, PN3, PN4), an
unknown phospholipid (PL1), an unknown aminolipid
(AL3) and two unknown lipids (L1, L2).

The type strain, HSF7' (=KCTC 42651"=MCCC
1K01158") was isolated from deep seawater in the South
China Sea. The G+C content of genomic DNA of the type
strain is 69 mol%.
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