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Abstract A Gram-negative, non-motile, short rod-shaped

or spherical bacterial strain that accumulates poly-b-

hydroxybutyrate (PHB) granules was isolated from the

Beibu Gulf in the South China Sea. Cells have no polar or

subpolar flagella, dividing by binary fission. Phylogenetic

analyses based on 16S rRNA gene sequences showed that

the strain formed a monophyletic branch at the periphery of

the evolutionary radiation occupied by the genus Para-

coccus, family Rhodobacteraceae, order Rhodobacterales,

class Alphaproteobacteria. The closest neighbours were

Paracoccus aestuarii strain B7T (97.2% similarity), Para-

coccus zeaxanthinifaciens ATCC 21588T (97.1% similar-

ity) and Paracoccus homiensis DD-R11T (96.8%). The

predominant fatty acids were C18:1 x7c (82.1%), and sig-

nificant amounts of C18:0 (5.6%), C10:0 3-OH (2.3%) and

C16:0 (1.5%) were present. The predominant respiratory

ubiquinone of strain JLT1284T was Q-10 and the DNA

G?C content of strain JLT1284T was 67.0 mol%. The

isolate was also distinguishable from members of the genus

Paracoccus on the basis of phenotypic and biochemical

characteristics. It is evident from the genotypic, chemo-

taxonomic and phenotypic data, therefore, that strain

JLT1284T represents a novel species of the genus Para-

coccus, for which the name Paracoccus beibuensis sp. nov.

is proposed. The type strain is JLT1284T (=LMG

24871T = CGMCC 1.7295T).

Introduction

The genus Paracoccus was first proposed by Davis et al.

[5], belonging to the order Rhodobacterales of the class

Alphaproteobacteria, currently includes 28 species. So far,

this genus is one of the largest genera in Rhodobacterales.

All members of this genus are characterized as Gram-

negative and catalase- and oxidase positive, owning a large

amount of C18:1 x7c and having ubiquinone 10 as the

major isoprenoid quinone. Some species, for example,

P. zeaxanthinifaciens [3], P. marcusii [9] and P. haeun-

daensis [16], could produce astaxanthin, which have great

commercial prospects.

During our surveys on the biodiversity of bacteria in the

South China Sea, the voyage of No. 908 on July 2006,

strain JLT1284T was obtained after direct plating of sea

water dilutions. It was incubated in a rich organic (RO)

medium [25] at room temperature (28�C) for 10 days.

Cell morphology was examined by transmission elec-

tron microscopy (JEM 2100 HC, JEOL USA). The Gram

reaction was determined on cells grown on RO at 25�C for

24 h according to the method described by Johnson [11].

Colonies were orange, 0.5–3 mm in diameter, uniformly

circular, convex and opaque after growth on marine agar

RO at 28�C for 3 days. Cells stained Gram-negative and

were short rods to cocci no flagella, 1.1–1.5 lm long and

0.8–1.0 lm wide, dividing by binary fission (Fig. 1).

Salt requirement for growth of strain JLT1284T was

tested by RO medium with final NaCl concentrations of 0,

The GenBank accession number for the 16S rRNA gene sequence of

strain JLT1284T is EU650196.
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2, 5, 10, 15, 20, 25, 30% (w/v) (pH 7.8, at 25�C). The pH

and temperature requirements for growth were determined

by adjusting the final pH of RO medium to values of 0, 2,

4, 6, 7, 8, 10, 12, 14 with HCl and NaOH (2% NaCl, 25�C),

and by incubation from 4 to 45�C (4, 10, 15, 25, 28, 37,

45�C) (2% NaCl, pH 7.8), respectively. The temperature

range for growth of strain JLT1284T was 10–30�C (opti-

mum 25�C). The pH range for growth was pH 6.0–8.0

(optimum 7.0) and the NaCl concentrations for growth

were 0–15% (w/v) (optimum 2.0–5.0%).

Oxidase activity of strain JLT1284T was tested accord-

ing to Smibert & Krieg [22] and catalase activity was

determined by using 3% (v/v) hydrogen peroxide solution

[6]. Nitrite and nitrate reduction were tested in RO medium

by growing the strain in the presence of NO2
- and NO3

-,

respectively [6]. Denitrification was tested by growing the

strain anaerobically in the presence of NO3
- [26].

Hydrolysis of starch, gelatin and Tween 80, urease activity

were determined as described by Dong & Cai [6]. H2S

production was tested in RO medium supplemented with

0.01% L-cysteine, the indicator being a strip of paper

impregnated with lead acetated placed in the neck of the

tube [4, 19]. Methyl red and Voges–Proskauer tests were

performed by using methyl red and Barrit’s reagent [2, 19].

Accumulation of PHB was determined by the Sudan Black

staining method [22].Growth on sole carbon and nitrogen

sources were examined according to the procedures of

Williams et al. [24] on RO medium without organic

compounds at 25�C for 7–14 days.

The isolate showed positive oxidase and catalase

activities. Biochemical tests were positive for Gelatin

hydrolysis and PHB production. Hydrolysis of indole

production, starch, Tween 80, casein, aerobic nitrate

reduction, aerobic nitrite reduction, anaerobic nitrate

reduction, urease, methyl red test and Voges–Proskauer

was negative.

The strains utilized a wide range of substrates, including

hexoses, oligosaccharides, organic acids and amino acids

as their sole carbon sources. Reactions are indicated in

Table 1.

Tests of antimicrobial susceptibility were performed by

using the disc-diffusion plate (Kirby–Bauer) method

according to Fraser & Jorgensen [8] and Andrews [1], and

with the antimicrobial compounds suggested by Mata et al.

[19]. Results are indicated in the species description.

Chemotaxonomic study of strain JLT1284T included

analysis of its cellular fatty acids. Cellular fatty acids

analysis was carried out as described by Komagata & Su-

zuki [14]. Isoprenoid quinones were analyzed as described

by Hirashi et al. [10], and performed on Waters Acquity

Ultra Performance LCTM (UPLC)-Q-TOF–MS spectrome-

ter (Waters, Milford, USA) in electrospraying ionization

method [21]. The predominant fatty acid composition is

indicated in Table 2.

The genomic DNA was extracted with the previously

described method of Marmur [18] from cells grown in RO

medium after 2 days at 25�C, washed and re-suspended in

the buffer. The purity was assessed by the A280/A260 and

A230/A260 ratios [11]. The genomic DNA G?C content

of strain JLT1284T was estimated from the midpoint value

(Tm) of the thermal denaturation profile, as described by

Mandel et al. [17]. The DNA G?C content of the

JLT1284T strains is 67.0 mol%. The 16S rRNA gene was

amplified with universal bacterial primers corresponding to

E. coli position 8F (50-AGA GTT TGA TCC TGG CTC

AG) and 1492R (50-GGT TAC CTT GTT ACG ACT T)

[7]. The 16S rRNA gene sequence of strain JLT1284T was

compared with those available at the GenBank using the

BLAST program (NCBI) to determine the approximate

phylogenetic affiliation. The 16S rRNA gene sequence of

strain JLT1284T was aligned with those of related Para-

coccus species and a phylogenetic tree was constructed

Fig. 1 Electron micrograph of

negatively stained cells of strain

JLT1284T observed by

transmission electron

microscope
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using the neighbour-joining and maximum-parsimony

algorithms methods of MEGA software [15]. The nearly

complete 16S rRNA gene sequences (1401 bp) were

determined for strain JLT1284T isolates and used for

phylogenetic analyses. The closest neighbours were P.

aestuarii strain B7T (97.2% similarity), P. zeaxanthinifac-

iens ATCC 21588T (97.1% similarity, this strain is a patent

bacterium) and P. homiensis DD-R11T (96.8%). As shown

by its phylogenetic distance and significant differences in

phenotypic (Table 1) and chemotaxonomic (Table 2)

properties, strain JLT1284T represents a novel species

within Paracoccus for which the name Paracoccus blei-

bunsis sp. nov. is proposed (Fig. 2).

Description of Paracoccus beibuensis sp. nov.

Paracoccus beibuensis (bei.buen’sis. N. L. masc. adj.

beibuensis pertaining to Beibu Gulf, where the type strain

was isolated).

Cells are Gram-negative, non-motile, short rods to cocci

(0.8–0.9 9 1.1–1.5 lm) and no flagella. Small (about

0.5–3 mm) orange colonies are produced on RO after

incubation at 25�C for 2–3 days. Colonies are smooth,

convex and opaque. Growth occurs at 10–30�C, pH 6.0–8.0

and 0–15% NaCl; the optimal growth temperature, pH and

salinity are 25�C, pH 7.0 and 2–5% NaCl. Positive for

oxidase, catalase, gelatin hydrolysis and PHB production.

Table 1 Characteristics that differentiate Paracoccus beibuensis sp. nov. strain JLT1284T from related species of the genus Paracoccus

Characteristic 1 2 3 4 5 6

Motility - - - ? - -

Flagellation - ND - ? - ?

pH range 6.0–8.0 7.5–9.5 6.1–9.1 5.0–9.0 6.0–8.0 5.0–8.0

NaCl (w/v) (%) 2–15 \5 3–8 3–15 1–15 0–14

Temperature (�C) 10–30 15–37 25–40 10–40 10–55 10–40

Urease - - ? - ? -

GC content (mol%) 67.0 62 66.9–67.7 63.0 60.3 63.6

Hydrolysis of:

Gelatine ? - - ? ? ?

Tween 80 - - ? - ?

Aerobic NO3
- reduction - - - - - ?

Utilization of:

D-Xylose - ? - ? ND -

Maltose ? ? ? - - ?

Sucrose ? - ? ? ? ?

D-Fructose ? - ND ? ? ?

D-Glucose - ? ? ? ? ?

Sorbitol ? - - ? ? -

Dextrin - ND - - ? ND

D-Galactose ? - ? ? ? ?

a-Lactose ? - ? ? - ?

D-Trehalose ? - ? ? - ?

D-Cellobiose - - ? ? - ?

Citrate acid - ? - ? ? ?

Inositol ? ? ? ? - -

Glycerol ? - ND ? ? ND

Mannitol ? ? ? ? - ?

L-Threonine W ND - - ? ND

L-Alanine W ND ND ? ? ND

L-Malic acid - ? ? ? ND ?

Acetic acid - ND - ? ? ?

L-Arginine W - - - - ND

Strains: (1) JLT1284T, (2) P. aestuarii B7T [20], (3) P. zeaxanthinifaciens ATCC 21588T [3], (4) P. homiensis DD-R11T [12], (5) P. saliphilus
DSM 17862T [23], (6) P. fistulariae 22-5T [13]

? Positive, - negative, W weak reaction, ND not determined
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Table 2 Fatty acid

compositions (%) of strain

JLT1284T and type strains of

related Paracoccus species

Strains: (1) JLT1284T, (2) P.
aestuarii B7T [20], (3) P.
zeaxanthinifaciens ATCC 21588T

[3], (4) P. homiensis DD-R11T

[12], (5) P. saliphilus DSM

17862T [23], (6) P. fistulariae 22-

5T [13]

Summed feature 2, iso-C16:1 and/

or C14:0 3-OH

Summed feature 3, C15:0 iso 2-

OH, C16:1 x7c and C16:1 x7t

ECL equivalent chain length

Fatty acid 1 2 3 4 5 6

C12:0 ALDE – – – 1.8 – –

C16:0 1.5 1.3 0.3 – – 0.7

C17:0 – 2.5 0.2 – – –

C18:0 5.6 18.1 3.6 4.5 6.1 10.1

C17:1 x7c – – – – – 0.3

C18:1 x7c 82.1 68.9 80.2 78.9 80.4 73.8

C20:1 x7c – – 0.8 – – –

C10:0 3-OH 2.3 2.5 4.9 2.6 3.3 –

C11:0 2-OH – – – – – 3.1

C12:0 3-OH 0.3 – – – – 0.6

C18:0 3-OH – – 0.7 1.1 – –

C19:0 cyclo x8c – – – – 2.6 –

11-Methyl C18:1 x7c – – – 5.8 – 3.6

Summed feature 2 2.3 2.4 2.9 – – 3.5

Summed feature 3 5.1 – 0.7 – – –

ECL 11.799 – – 3.6 2.4 2.9

ECL 15.275 – – 1.6 – – –

Fig. 2 Neighbour-joining

phylogenetic tree for strain

JLT1284T, based on 16S rRNA

gene sequence analysis.

Bootstrap percentages (above

50%) from both neighbour

joining (above nodes) and

maximum parsimony (below

nodes) are shown. Bar, 0.005

nucleotide substitutions per

nucleotide position
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Hydrolysis of indole production, starch, Tween 80, casein,

aerobic nitrate reduction, aerobic nitrite reduction, anaer-

obic nitrate reduction, urease, methyl red test and Voges–

Proskauer were negative. The utilization of various

substrates as sole carbon sources, and other differentiating

characteristics, are listed in Tables 1 and 2.

The DNA G?C content of the type strain is 67.0 mol%

(Tm). The type strain, JLT1284T (=LMG 24871T = CGMCC

1.7295T), was isolated from surface water of the Beibu

Gulf in the South China Sea.
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