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The PAHs-degradation bacterium strain JY11 was newly isolated from the polluted soil in Jinan Oil
Refinery Factory, Shandong Province of China. The isolate was identified as Janibacter anophelis with
respect to its 16S rDNA sequence, DNA-DNA relatedness and fatty acid profiles, as well as various phys-
iological characteristics. The strain was Gram-positive, non-motile, non-spore-forming, short rods in
young culture, 0.8-1.0 wm in diameter and 1.3-1.6 pm long, and coccoid cells in the stationary phase
of growth that are 1.0-1.2 wm in diameter and 1.3-1.5 pwm long, occurred in pairs and sometimes in

I[f;ye V{;’g;if;rene chains or in group, aerobic, oxidase-week positive, catalase-positive. J. anophelis strain JY11 can utilize
Anthracene naphthalene, phenanthrene, anthracene, pyrene, xylene, methanol, ethanol and salicylic acid as sole car-
Pyrene bon source. The strain could remove 98.5% of phenanthrene, 82.1% of anthracene, and 97.7% of pyrene

with an initial concentration of 500 ppm in five days without adding co-metabolism substrates and

Biodegradation

Janibacter anophelis strain JY11 surfactants.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) may be present in high
concentrations at industrial sites associated with the petroleum,
coal-tar, gas production and wood preservation industries [1,2]. As
toxic, mutagenic and carcinogenic chemicals that are ubiquitous
in environment [3], the United States Environmental Protection
Agency (EPA) lists 16 kinds of PAHs as priority pollutants [4]. So
they arouse considerable environmental concern [5,6] and many
researches were carried out in order to eliminate PAHs from envi-
ronment.

One way to remove PAHs from contaminated sites is to inoc-
ulate the site(s) with microorganisms known to metabolize these
compounds [7]. Using bioremediation technology to cleanup
PAH-contaminated sites has been suggested to be an efficient,
economical and versatile alternative to physicochemical treatment
[8]. Nowadays, in order to eliminate PAHs from environment by
bioremediation, many PAHs-degradation microorganisms were
isolated. Most of these microorganisms belong to Pseudomonas
sp. [9,10], Alcaligenes sp. [11], Mycobacterium [12,13], Rhodococcus
[14,15], Neptunomonas [16,17], Stenotrophomonas [18,19], Sph-
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ingomonas [20,21], Cycloclasticus [22,23], Staphylococcus [24],
Burkholderia [25], Acinetobacter, Agmenellum, Aeromonas, Bacil-
lus, Berjerinckia, Corynebacterium, Flavobacterium, Micrococcus,
Moraxella, Nocardioides, Lutibacterium, Streptomyces, Vibrio, Paeni-
bacillus and some fungi [26-35]. Recently, different aspects such
as PAHs-metabolizing of bacteria, PAHs-degradation mechanisms,
the way of assimilation into bacteria activities of the degradation-
related enzyme and discovering the degradation-related gene has
been researched [36-39].

The genus Janibacter, established in 1997 by Martin et al.
[40], belongs to the family Intrasporangiaceae in the order
Actinomycetales. At present, the genus comprises five species,
Janibacter limosus [40], Janibacter terrae [41], Janibacter mel-
onis [42], Janibacter anophelis [43] and Janibacter corallicola
[44]. Janibacter brevis, originally described by Imamura et al.
[45], was shown to be a heterotypic synonym of J. terrae [46].
Janibacter marinus had no other report except its 16S partial
sequence record in GenBank. According to previous study, the
genus Janibacter has the ability of degrading fluorene, diphenyl
ether, carbazole, dibenzo-p-dioxin [47], anthracene, phenanthrene
[48], mono-chlorinated dibenzo-p-dioxins [49], dibenzofuran
[48,50], and polychlorinated biphenyls (Aroclor 1242) [51]. The
aim of the present work was to isolate and characterize a PAH-
degrading bacterium, J. anophelis strain JY11 from contaminated
environmental samples, and to evaluate its PAHs-degradation
potential.
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2. Materials and methods
2.1. Media

The basal salts medium (BSM) contained (per liter) 0.8 g KH,POy4,
1.2 g K;HPO4, 1.0 g NH4NOs3, 0.2 g MgS0O,4-7H, 0, 50 mg FeCls, 20 mg
CaCly, 1.0mg MnSOy4, 0.2 mg Na;MoO4, and the solution pH was
adjusted to 7.0. Solid BSM plate was prepared by adding 20.0 g agar
into 1000 ml BSM.

Luria-Bertani (LB) medium contained 10.0g NaCl, 10.0g pep-
tone, 5.0 g yeast extract, with or without 20.0g agar in 1000 ml
distilled water, and the solution pH was adjusted to 7.0.

All chemicals used were analytical grade. All organic solvents
used were high-performance liquid chromatographic (HPLC) grade
and were purchased from JK Chemical Ltd., Beijing, China.

Phenanthrene (98%), anthracene (99%) and pyrene (99%) were
purchased from Alfa Aesar Ltd., Karlsruhe, Germany. Individual PAH
stock solutions were 1000 mg1-! in hexane.

2.2. Isolation of PAHs-degrading bacteria

The soil samples collected from seven sites in Jinan Oil Refinery
Factory were suspended in BSM liquid medium supplemented with
phenanthrene, anthracene and pyrene crystals, separately (1gl-1),
and incubated aerobically at 25 °C on a reciprocal shaker at 150 rpm.
Aliquots were transferred weekly to fresh BSM medium contain-
ing corresponding PAH at a concentration of 250 mgl-! as sole
carbon and energy source, and incubated under the same condi-
tions; this process was repeated at least three times before the
bacterial strains were isolated. Isolation and purification proce-
dures were carried out on BSM agar plates by conventional spread
plate techniques. 0.5% (w/v) PAH was dissolved in hexane and
sprayed on the surface of the pure culture as the sole carbon
source. The size and color of the isolated colonies were recorded.
Pure bacterial strains obtained were kept on LB slant culture at
4°C.

2.3. Morphological and physiological characteristics

The cells morphological properties were examined by light
microscopy and transmission electron microscopy (TEM) on LB
solid plate. Presence or absence of flagella was examined by TEM
using cells from exponentially growing cultures. These were neg-
atively stained with 1% (w/v) phosphotungstic acid, and after air
drying, grids were examined with a model H-800 transmission
electron microscope (Hitachi Ltd., Tokyo, Japan).

Catalase activity was determined by bubble formation in a 3%
hydrogen peroxide solution. Oxidase activity was determined by
oxidation of 1% p-aminodimethylaniline oxalate. Nitrate reduction,
indole production, acid or gas production from p-glucose, sucrose,
methyl red and Voges-Proskauer reactions, citrate utilization test
and hydrogen sulfide production were tested as described previ-
ously [52].

2.4. Lipid analysis

Presence or absence of mycolic acids was determined using
the methods of [53]. Menaquinones were extracted twice from
lyophilized cells with chloroform-methanol (2:1, v/v) for 25 min,
and analyzed by Agilent 1100 HPLC system (Agilent, Santa Clara,
CA, USA) with a Kromasil 100-C;g column (150 mm x 4.6 mm
LD., 5wm). Further fatty acids isolation and identification was
conducted following the instructions [54] of the Microbial Iden-
tification System (MIDI, Microbial ID, Newark, Del.).

2.5. Carbon source utilization

Some aromatic compounds were added as sole carbon sources
to liquid BSM, the purified strain JY11 were incubated at 30°C on
one of the following compounds at 0.01%: naphthalene, phenan-
threne, anthracene, pyrene, benzene, toluene, xylene, phenol,
DMSO, ethanol, salicylic acid, Tween 80, cyclohexane and catechol.
Growth was measured by the increase of ODgg of the culture.

2.6. Determination of G-C content and DNA-DNA hybridization

G-C content was determined by HPLC as described by Tamaoka
and Komagata [55], and calculated from the ratios of deoxyguano-
sine and thymidine. DNA-DNA hybridization to determine genomic
relatedness was performed by the method of Ezaki et al. [56]
using photobiotin and microimmunoplates. Hybridization was per-
formed with five replications for each sample. Of the values
obtained, the highest and lowest values for each sample were
excluded; DNA-DNA relatedness values are the mean of the remain-
ing three values.

2.7. Analysis of 16S rDNA sequence and phylogenetic analysis

Genomic DNA was extracted with BS423 genome DNA isolation
kit (Sangon Ltd., Shanghai, China), and 16S rDNA was amplified
in PCR using the genomic DNA as template and the bacterial
universal primers are as follows: Fy; (5'-CAGCGGTACCAGAGTTIT
GATCCTGGCTCAG-3); Ryg92 (5’-CTCTCTGCAGTACGGCTACCTTGTT-
ACGACTT-3’). Amplification was as follows: initial denaturation at
94°C for 2 min followed by 30 cycles of denaturation at 94 °C for
30s, annealing at 55°C for 30s, a gradient of £5°C, and elonga-
tion at 72 °C for 2 min, and final elongation at 72 °C for 10 min. The
PCR product was purified with a QIAquick PCR purification kit (Qia-
gen Ltd., Maryland, USA), and the sequence reaction mixtures were
electrophoresed by using a model 3700 automatic DNA sequencer
(Applied Biosystems Ltd., California, USA).

Multiple alignments of sequences, and construction of neighbor-
joining phylogenetic trees [57] were performed with the Clustal X
software. Alignment positions which included gaps or unidentified
bases were eliminated from the calculations. After the alignment
process, sequences of 16S rDNA were adjusted manually. Evolution-
ary distance matrices were calculated using the algorithm of Jukes
and Cantor [58] with the Dnadist program within the Phylip pack-
age [59]. The stability of relationships was assessed by a bootstrap
analysis of 1000 trials.

2.8. Sequence access number

The JY11 sequence obtained in this study has been deposited
in the GenBank database with accession number FJ372723. Other
accession numbers for reference 16S rDNA gene sequences used in
the phylogenetic analysis are shown in Fig. 2.

2.9. Degradation of PAHs

PAHs-degradation in liquid culture was performed by using
washed cell suspensions pre-grown with corresponding PAH.
The liquid culture (100ml of BSM with 50 mg phenanthrene,
anthracene, pyrene respectively) was inoculated by transferring
3ml of pre-culture (BSM medium, ODgygnm =0.25) of strain JY11
(3%, v/v) and the initial pH was adjusted to 7.0. The flasks were
incubated in darkness at 150 rpm at 30°C. Every 24 h, the PAHs-
degradation efficiencies were detected by gas chromatography.
The rest PAHs were extracted from the liquid culture with hexane
four times. Then the organic phase was dehydrated with anhy-
drous sodium sulfate and then was vaporized in rotary evaporator
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to 1-2ml. Effects of different initial concentrations (100, 500,
1000 ppm), various pH (6.0, 7.0 and 8.0), temperatures (20, 30,
37°C) and mixed cultivation have also been investigated.

1.0 ! of the organic phase was analyzed by gas chromatography
with a flame ionization detector of Agilent GC-6890 (+) system (Agi-
lent Technologies, California, USA). A fuse silica capillary column
(30m x 0.25mm, I.D., 0.25 wm) was used. The oven temperature
was initially at 80 °C for 1.0 min, programmed to 255 °C at a rate of
15°Cmin~!, hold for 1 min; and then programmed to 265 °C at arate
1°Cmin~!. The injector and detector temperatures were 250 and
300°C, respectively. The carrier gas, helium, was adjusted to a linear
velocity of 1.1 mlmin~!. The PAHs were identified by comparison
of the retention times with those of PAH standards.

All biodegradation experiments were performed three times.
The sterilize culture without inoculation was used as negative con-
trol.

3. Results and discussion
3.1. Morphological and biochemical characteristics

As Fig. 1 shown, colonies of strain JY11 are cream or pale cream
color, opaque and convex with a glistening surface and entire
margins on BSM and LB solid plate. Cells are Gram-positive, non-
acid-fast and non-mobile, occur singly, in pairs or occasionally in
irregular chains at the early stage of growth. Cells are short rods
in young culture, 0.8-1.0 wm in diameter and 1.3-1.6 wm long, and
coccoid cells in the stationary phase of growth that are 1.0-1.2 pm
in diameter and 1.3-1.5 um long. Optimal growth conditions of
strain]JY11 are at pH 7.0-8.0 and 28-30 °C. Neither substrate mycelia
nor primary mycelia were seen. No growth occurs under anaer-
obic conditions. Spore formation is not observed. Morphological
and physiological properties of strain JY11, together with those of J.

Fig. 1. Photographs of colonies and cells of Janibacter anophelis strain JY11: (A) photograph of JY11 colonies on LB media plate; (B) TEM photograph of JY11 (10 x k); (C) TEM

photograph of JY11 (16 x k); (D) Gram stain photograph of JY11 (10 x 100).

Table 1

Comparison of morphological and biochemical characteristics of isolated strain JY11 with J. limosus DSM 11140" and J. anophelis CCUG 497157,

Characteristic Strain JY11

J. limosus DSM 111407 J. anophelis CCUG 497157

Color of colonies
Morphology
Motility

Gram straining
Spore formation
Catalase activity
Oxidase test
Nitrate reduction
Indole production —
Methyl red -
Voges—Proskauer reaction
Citrate utilization test
Hydrogen sulfide test +

Cream or pale cream
Coccoid, rod shaped

S+ o+

o

Acid production from:
D-Glucose -
Sucrose —

Pale cream
Coccoid, rod shaped

White (cream or pale cream)
Coccoid, rod shaped

o+ o+ o+
+ 4+ S|+

an
ar

+, Positive reaction; —, negative reaction; w, Weakly positive reaction. Data for J. limosus DSM 111407 are taken from Martin et al. [40].
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limosus DSM 11140" and J. anophelis CCUG 49715T, were shown in
Table 1.

3.2. Chemotaxonomic characteristics and DNA base composition

The Almost complete 16S rRNA gene sequences of strainJY11 was
a continuous stretch of 1437 nucleotides. Subsequent 16S rDNA-
based phylogenetic analysis demonstrated that the strain belonged
to the genus Janibacter. Fig. 2 described the relationship between
the isolated strain and the nearest phylogenetic relatives. Similar-
ity calculations after neighbor-joining analysis indicated that the
closest relatives of strain JY11 were J. anophelis (99.93%), J. terrae
(98.48%), J. marinus (98.38%), J. limosus (98.34%), J. melonis (98.20%)
and J. corallicola (97.79%). Strains JY11 was closely related to J.
anophelis CCUG 497157 Its percentage of the occurrence was 100%
in 1000 bootstrapped trees.

The MIDI system was used to determine the cellular fatty acid
composition of strain JY11. The result retrieved from the database
did not match with any of the species listed in the MIDI library.
Strain JY11 contained iso-Cyg.9 (20.60%), C1g:1@9c (12.66%), anteiso-
Ci7:0 (11.]9%). iSO-C17;0 (1].00%), Ci7:1w8¢ (7.29%), 10—methyl Ci7:0
(7.20%) and Cyg.0 (6.31%) as major components, the detail results
were shown in Table 2. They are characterized by branched fatty
acids such as is0-Cy4:g, i50-Cy5.9, i50-Cy6:9, i150-Cq7:9, i50-Cyg:g, iSO-
Ci6:1 H, is0-Cyg:1 H, anteiso-Cys.q, anteiso-Cq7.g and Cyg.1w9c as well
as considerable amounts of straight chain saturated (Ci4.9, Ci6:0,
C17:0, C18:0 and Cqg:¢) and unsaturated (Cy7.1w8c, C1g.1@9c and iso-
Cy9:1 I) acid. Some methylated fatty acids were also found, such
as 10-methyl Cy7.9 (7.0%) and 10-methyl C;g.¢ (2.08%). Regarding
the fatty acid profiles of strain JY11, J. limosus DSM 111407 and
J. anophelis CCUG 497157, only strain JY11 characteristically con-
tained trace amounts of Cy4.9, anteiso-Cy7.1@9c, iso-Cig:1 H and
iso-Cqg9:1 I fatty acids, but in particular, Ci5.9 was not found. In
addition, strain JY11 was different from J. limosus DSM 11140" and
J. anophelis CCUG 49715" in the composition of some fatty acids.
Ci7.0, one of the major fatty acids in J. limosus DSM 111407 and
J. anophelis CCUG 49715T, was a minor component in strain JY11,
and two minor components in J. anophelis CCUG 497157, anteiso-
Cq7:0 and Cyg.1w9c, were present in large amounts in strain JY11
(Table 2).

Mycolic acids were absent, the major menaquinone was MK-
8(H,4). The DNA base composition of strain JY11 was 71 mol% G +C.
The mean level of DNA-DNA relatedness between strains JY11 and

100 Janibacter anophelis CCUG 497157(AY837752)
91 Janibacter sp. Y 11(F1372723)
9% Janibacter corallicola DSM18906" (AB286023)
0 Janibacter terrae JCM10705T (AF176948)
91 Janibacter limosus JCM10980" (Y08539)
Janibacter melonis CM2104" (AY522568)

100 L Janibacter marinus C6T (AY533561)

% Terrabacter tumescens KCTC9133" (AF005023)
88 Terrabacter terrae PPLB' (AY944176)

4|i Terracoccus lutens DSM44267" (Y11928)

83 Sanguibacter inulinus NCBF3023" (X79452)
T I—E Sanguibacter keddieii NCBF3025" (X79450)

60: Sanguibacter suarezii NCBF3024" (X79451)
Tetrasphaera jenkinsii Ben74T (DQO07321)
Tetrasphaera japonica ACM5116" (AF125092)
Tetrasph iensis ACMS117" (AF125091)

631 Tetrasphaera vanveenii Ben70" (DQ007320)
Ornithinicoccus hortensis DSM12335" (Y17869)

—
0005

Fig. 2. Phylogenetic tree of Janibacter anophelis strain JY11 and related species con-
structed on the basis of 16S rDNA sequences using the neighbor-joining method.
Bar, 0.005 Knuc unit. Bootstrap values (1000 re-samplings) are shown at the branch
points.

Table 2
Comparison of fatty acid composition (%) of the isolated strain JY11 with J. limosus
DSM 11140" and J. anophelis CCUG 497157,

Strain JY11 J. limosus J. anophelis
DSM 111407 CCUG 497157

iSO-C]q;o 0.45 = 4.7
C14;0 0.24 - -
is0-Cis:0 3.09 0.56 44
anteiso-Cys:0 0.50 - 0.6
Cis:0 - 0.92 33
iSO—C]s;] H 0.31 - -
is0-Ci6:0 20.60 12.21 329
Cis:0 6.31 2.12 2.5
is0-Cy7:1w9c - - 0.4
anteiso-Cy7.1w9c 0.27 - -
is0-Ci7:0 11.00 1.47 33
anteiso-Cy7:9 11.19 - 2.0
Ci7.108¢ 7.29 26.15 13.8
Ci7:0 2.39 17.79 16.4
10-methyl Cq7.0 7.20 2.84 21
iSO—C]g;] H 0.45 - -
is0-Cis.0 414 3.36 3.2
Cig:1@9¢ 12.66 17.48 3.9
Cis:0 1.29 3.94 2.7
10-methyl Cyg.9, TBSA 2.08 0.78 -
iSO-C]g;] 1 0.17 = =
Ci9:0 0.39 1.90 1.0
Summed feature 32 2.53 - -
Summed feature 42 - 1.08 1.2
Summed feature 62 1.74 - -
Summed feature 82 0.64 740 0.9
Summed feature 92 3.09 - -

Values are percentages of total fatty acid content; —: not detected.

2 Unknown fatty acids; these compounds have no names listed in the peak library
file of the MIDI system and therefore were not identified or included in the percent-
age calculation. Data for J. limosus DSM 11140T are from Lang et al. [46]; data for J.
anophelis CCUG 497157 are from Kampfer et al. [43].

CCUG 49715" was 76%, when each of their DNAs was separately
used as labelled DNA probe.

On the bases of morphological and cultural characteristics, bio-
chemical characteristics, chemotaxonomic characters, DNA-DNA
hybridization [60] and the phylogenetic position of 16S rDNA
sequences, the isolated strain JY11 clearly belonged to the genus
Janibacter as a strain of the species J. anophelis, but it also showed a
strain specificity regarding the fatty acid profile.

3.3. Utilization of carbon source

Fifteen kinds of carbon source were tested as sole carbon sub-
strates of JY11, including various low and high molecular weights of
PAHs and some kinds of n-alkanes. All of them exist ubiquitously in
the crude oil contaminated soil. Strain JY11 was found to have the
ability to degrade naphthalene, phenanthrene, anthracene, pyrene,
xylene, methanol and ethanol, salicylic acid and Tween 80, which
exhibited a very broad substrate profile. The results were shown in
Table 3.

3.4. Degradation of PAHs

The degradation test of phenanthrene, anthracene and pyrene
was carried out at 30°C, pH 7.0 and an initial concentration of
500 ppm individually. In the test, none of other carbon sources or
surfactants was added to the medium. Fig. 3 presented the degrada-
tion results. The strain could remove 98.5% of phenanthrene, 82.1%
of anthracene, and 97.7% of pyrene with an initial concentration of
500 ppm in five days without adding co-metabolism substrates and
surfactants.
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Table 3

Utilization of carbon substrates by strain
JY11.

Substrate Y1

Naphthalene
Phenanthrene
Anthracene
Pyrene
Benzene
Toluene
Xylene
Phenol
DMSO
Methanol
Ethanol
Salicylic acid
Tween 80
Cyclohexane
Catechol

++
++
++
++

Growth was followed by measuring the
increase of ODgoonm for 10 days. (++) Good
growth: ODgoonm >0.2; (+) growth: ODgoonm
>0.1; (=) no growth: ODgponm <0.02.

3.5. Effect of environmental conditions on degradation of PAHs

A series of degradation tests were carried out at various pH from
6.0 to 8.0, temperatures from 20 to 37°C and initial concentra-
tions of each phenanthrene, anthracene and pyrene from 100 to
1000 ppm. As shown in Fig. 4(A-C), the optimal conditions were
determined to be at pH 7.0, 30 °C and 500 ppm after five days incu-
bation. The effect of pH and temperature on degradation of PAHs is
similar to that reported by Kim et al. [34]. The result also indicated

(A) 100 - - I

2 80 - I

z

5

g 01 u pH=s

@

_E pH=7

§ 9] n phsB

£

[-T1]

A 20-

0
Phenanrene Anthracene Pyrene
(C)ICO 1 L I
S 80 1
5
=
; 60
E‘ § 100ppm
=]
b1 500ppm
Y 51000,
gn ppm
a
20 -
0
Phenanrene Anthracene Pyrene
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1004 -0.50
« — Phenanthrene
Anthracene

\’? —&— Pyrene 040 E
< —=— JY11 g
£ 8

- 0.30
= &
an o
= Q
‘g 020 §
-g —'.é
S L L
& 010 2

~0.00

Incubation time (day)

Fig. 3. Degradation of phenanthrene, anthracene and pyrene by strain JY11 in five
days. Black square symbol is about the absorbance value at ODgponm Which indicates
the growth of the strain.

that the degradation rate of J. anophelis strain JY11 decreased when
the initial concentration of each kind of PAHs is low (100 ppm) or
high (1000 ppm). This is mainly because a lower PAHs concentra-
tion is not enough for supporting the growth of J. anophelis strain
JY11. While, higher PAHs concentration will lead to increasing of
PAHs metabolites’ toxicity.

When the mixture (500 ppm each) of phenanthrene, anthracene
and pyrene were degraded by JY11, the removal of each com-
pound tended to decrease. The result was shown in Fig. 4 (D). This
may be due to one substrate inhibit the degradation of another.
In addition, the reduction of degradation could be a result of the
high concentration of PAHs. As mentioned above, the degrada-

(B) 100 7 ar -
8- I
=
=
S 60 120°C
o
b3 30°C
9
£ 40 u37°C
i
~
<=
g
b 20
o
=]
Phenanrene Anthracene Pyrene
®100] I
% 80 I
é 80
by
g 60
] . H separated
£ .
= mixed
£ 40 -
k]
=
=
-
g 50
=]
0~ T
Phenanrene Anthracene Pyrene

Fig. 4. Effects of condition changes on biodegradation of PAHs by Janibacter anophelis strain JY11: (A) pH; (B) temperature; (C) initial concentration; (D) mixed PAHs-

degradation. All data are resulted from five days incubation.
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tion rate was also decreased in 1000 ppm of a single PAH, and in
the mixed PAHs-degradation the total concentration of PAHs was
1500 ppm.

Sierra et al. [51] reported that MS3-02, belonging to the genus
Janibacter sp., was able to degrade polychlorinated biphenyls (Aro-
clor 1242) between 70% and 100% after seven days of incubation
under laboratory scale. Also, strain JY11 can degrade polychlori-
nated biphenyls in transformer oils by 50% in 10 days, and the study
is undergoing further research. So, the PAH degradation capabilities
of J. anophelis strain JY11 can be exploited further for the devel-
opment of effective bioremediation technology for environmental
cleanup.

4. Conclusion

Bacteria strain JY11 was isolated and characterized belonging to
the genus Janibacter according to its 16S rDNA, fatty acid profiles, as
well as biochemical characteristics. DNA-DNA relatedness indicates
that strains JY11 and J. anophelis CCUG 497157 are members of the
same genomic species. It is Gram-positive, non-motile, non-spore-
forming, short rods in young culture, 0.8-1.0 wm in diameter and
1.3-1.6 wm long, and coccoid cells in the stationary phase of growth
that are 1.0-1.2 wm in diameter and 1.3-1.5 um long, occurred
in pairs and sometimes in chains or in group, aerobic, oxidase-
week positive, catalase-positive. J. anophelis strain JY11 can utilize
naphthalene, phenanthrene, anthracene, pyrene, xylene, methanol,
ethanol and salicylic acid as sole carbon source. Strain JY11 has a
high ability to degrade phenanthrene, anthracene, pyrene in a wide
pH, temperature and initial concentration range. The degradation
efficiencies were examined by GC-FID and the result showed that
the isolate could remove 98.5% phenanthrene, 82.1% anthracene,
and 97.7% pyrene in five days at 30 °C pH 7.0 when the initial con-
centration of substrate is 500 ppm.

Acknowledgement

This work was supported by National Natural Science Founda-
tion of China (NSFC grant nos. 30770041 and 20577030) and the
authors appreciate their help in earnest.

References

[1] P. Wattiau, Microbial aspects in PAH bioremediation, in: S. Agathos, W. Reineke
(Eds.), Focus on Biotechnology, vol. 3A, Biotechnology for the Environment:
Strategy and Fundamentals, Kluwer, Dordrecht, 2002.

[2] K. Somtrakoon, S. Suanjit, P. Pokethitiyook, M. Kruatrachue, H. Lee, S.
Upatham, Phenanthrene stimulates the degradation of pyrene and fluoran-
thene by Burkholderia sp. VUN10013, World J. Microbiol. Biotechnol. 24 (2008)
523-531.

[3] W. Yucheng, L. Yongming, et al., Bioremediation of polycyclic aromatic hydro-
carbons contaminated soil with Monilinia sp.: degradation and microbial
community analysis, Biodegradation 19 (2008) 247-257.

[4] L.H. Kieth, W.A. Telliard, Priority pollutants. I. A perspective view, Environ. Sci.
Technol. 13 (1979) 416-423.

[5] R. Phalhmann, O. Pelkonen, Mutagenicity studies of different polycyclic aro-
matic hydrocarbons: the significance of enzymatic factors and molecular
structure, Carcinogenesis 8 (1987) 773-778.

[6] J.S. Jacques Rodrigo, C. Santos Eder, et al., Anthracene biodegradation by
Pseudomonas sp. isolated from a petrochemical sludge landfarming site, Int.
Biodeterior. Biodegrad. 56 (2005) 143-150.

[7] R.M.Goldstein, L.M. Mallory, M. Alexander, Reasons for possible failure of inocu-
lation to enhance biodegradation, Appl. Environ. Microbiol. 50 (1985) 977-983.

[8] R.Margesin, F. Schinner, Bioremediation of diesel-oil contaminated alpine soils
at low temperatures, Appl. Microbiol. Biotechnol. 47 (1997) 462-468.

[9] LS. Ahn, W.C. Ghiorse, L.W. Lion, M.L. Shuler, Growth kinetics of Pseudomonas
putida G7 on naphthalene and occurrence of naphthalene toxicity during nutri-
ent deprivation, Biotechnol. Bioeng. 59 (1998) 587-594.

[10] M.H.El-Naas, S.A. Al-Muhtaseb, S. Makhlouf, Biodegradation of phenol by Pseu-
domonas putida immobilized in polyvinyl alcohol (PVA) gel, ]. Hazard. Mater.
164 (2009) 720-725.

[11] W.D. Weissenfels, M. Beyer, ]. Klein, Degradation of fluoranthene by pure bac-
terial cultures, Appl. Microbiol. Biotechnol. 32 (1990) 479-484.

[12] B. Boldrin, Tiehm, C. Friasche, Degradation of phenanthrene, fluorine, fluoran-
thene, and pyrene by a Mycobacterium sp., Appl. Environ. Microbiol. 59 (1993)
1927-1930.

[13] C. Pagnout, G. Frache, P. Poupin, B. Maunit, J.F. Muller, J.F. Férard, Isolation and
characterization of a gene cluster involved in PAH degradation in Mycobac-
terium sp. strain SNP11: Expression in Mycobacterium smegmatis mc?155, Res.
Microbiol. 158 (2007) 175-186.

[14] U. Walter, M. Beyer, J. Klein, H.]. Rehm, Degradation of pyrene by Rhodococcus
sp. UW1, Appl. Microbiol. Biotechnol. 34 (1991) 671-676.

[15] L.Martinkov4, B. Uhndkova, M. Patek, ]. NeSvera, V. Kien, Biodegradation poten-
tial of the genus Rhodococcus, Environ. Int. 35 (2009) 162-177.

[16] B.P. Hedlund, A.D. Geiselbrecht, T,J. Bair, ].T. Staley, Polycyclic aromatic hydro-
carbon degradation by a new marine bacterium, Neptunomonas naphthovorans
gen. nov., sp. nov, Appl. Environ. Microbiol. 65 (1999) 251-259.

[17] J.L. Li, B.H. Chen, Effect of nonionic surfactants on biodegradation of phenan-
threne by a marine bacteria of Neptunomonas naphthovorans, J. Hazard. Mater.
162 (2009) 66-73.

[18] S. Boonchan, M.L. Briz, G.A. Stanley, Surfactant-enhanced biodegradation of
high molecular weight polycyclic aromatic hydrocarbons by Stenotrophomonas
maltophilia, Biotechnol. Bioeng. 59 (1998) 482-494.

[19] Z.H. Liang, J.X. Li, Y.L. He, S. Guan, N. Wang, C. Ji, T.G. Niu, AFB1 bio-degradation
by a new strain - Stenotrophomonas sp., Agr. Sci. China 7 (2008) 1433-1437.

[20] Y. Ho, M. Jackson, Y. Yang, ]J.G. Mueller, P.H. Pritchard, Characterization of
fluoranthene- and pyrene-degrading bacteria isolated form PAH-contaminated
soils and sediments, J. Ind. Microbiol. Biotechnol. 24 (2000) 100-112.

[21] V.S. Miguel, C. Peinado, F. Catalina, C. Abrusci, Bioremediation of naphthalene
in water by Sphingomonas paucimobilis using new biodegradable surfac-
tants based on poly (e-caprolactone), Int. Biodeterior. Biodegrad. 63 (2009)
217-223.

[22] A.D. Geiselbrecht, B.P. Hedlund, M.A. Tichi, ].T. Staley, Isolation of marine
polycyclic aromatic hydrocarbon (PAH)-degrading Cycloclasticus strains from
gulf of Mexico and comparison of their PAH degradation ability with that
of Puget sound Cycloclasticus strains, Appl. Environ. Microbiol. 64 (1998)
4703-4710.

[23] Y. Kasai, H. Kishira, S. Harayama, Bacteria belonging to the genus Cycloclasticus
play a primary role in the degradation of aromatic hydrocarbons released in a
marine environment, Appl. Environ. Microbiol. 68 (2002) 5625-5633.

[24] S. Mallick, T.K. Dutta, Kinetics of phenanthrene degradation by Staphylococ-
cus sp. strain PN/Y involving 2-hydroxy-1-naphthoic acid in a novel metabolic
pathway, Process Biochem. 43 (2008) 1004-1008.

[25] S. Tillmann, C. Strompl, K.N. Timmis, W.R. Abraham, Stable isotope probing
reveals the dominant role of Burkholderia species in aerobic degradation of
PCBs, FEMS Microbiol. Ecol. 52 (2005) 207-217.

[26] M. Kastner, M. Breuer-Jammali, B. Mahro, Enumeration and characterization of
the soil microflora from hydrocarbon-contaminated soil site able to mineralized
polycyclic aromatic hydrocarbons (PAH), Appl. Environ. Biotechnol. 41 (1994)
267-273.

[27] S.M. Cordova-Rosa, R.I. Dams, E.V. Cordova-Rosa, M.R. Radetski, A.X.R. Corréa,
C.M. Radetski, Remediation of phenol-contaminated soil by a bacterial con-
sortium and Acinetobacter calcoaceticus isolated from an industrial wastewater
treatment plant, J. Hazard. Mater. 164 (2009) 61-66.

[28] E. Dagher, E. Deziel, P. Lirette, Comparative study of five polycyclic aromatic
hydrocarbon degrading bacterial strains isolated from contaminated soil, Can.
J. Microbiol. 43 (1996) 368-377.

[29] LL. Daane, I. Harjono, L.A. Launen, NJ. Palleroni, M.M. Hdggblom, PAH-
degradation by Paenibacillus spp. and description of Paenibacillus naphthalen-
ovorans sp. nov., a naphthalene-degrading bacterium from the rhizosphere of
salt marsh plants, Int. J. Syst. Evol. Microbiol. 52 (2002) 131-139.

[30] M. Sakai, S. Ezaki, N. Suzuki, R. Kurane, Isolation and characterization of a novel
polychlorinated biphenyl-degrading bacterium, Paenibacillus sp. KBC101, Appl.
Microbiol. Biotechnol. 68 (2005) 111-116.

[31] L. Valentin, G. Feijooa, M.T. Moreirab, ].M. Lemab, Biodegradation of polycyclic
aromatic hydrocarbons in forest and salt marsh soils by white-rot fungi, Int.
Biodeterior. Biodegrad. 58 (2006) 15-21.

[32] S.K. Samanta, O.V. Singh, R.K. Jain, Polycyclic aromatic hydrocarbons: environ-
mental pollution and bioremediation, Trends Biotechnol. 20 (2002) 243-248.

[33] J.D. VanHamme, A. Singh, O.P. Ward, Recent advances in petroleum microbiol-
ogy, Microbiol. Mol. Biol. Res. 67 (2003) 503-549.

[34] ].D. Kim, S.H. Shim, C.G. Lee, Degradation of phenanthrene by bacterial strains
isolated from soil in oil refinery fields in Korea, ]. Microbiol. Biotechnol. 15
(2005) 337-345.

[35] C. Rafin, E. Veignie, A. Fayeulle, G. Surpateanu, Benzo[a]pyrene degradation
using simultaneously combined chemical oxidation, biotreatment with Fusar-
ium solani and cyclodextrins, Bioresour. Technol. 100 (2009) 3157-3160.

[36] L. Zaira, V. Joaquim, M. Cristina, G. Magdalena, Metabolism of fluoranthene by
Mycobacterium sp. strain AP1, Appl. Microbiol. Biotechnol. 70 (2006) 747-756.

[37] G.Cenci,G. Caldini, L. Boari, Dioxygenase activity and relative behaviour of Pseu-
domonas strains from soil in the presence of different aromatic compounds,
World J. Microbiol. Biotechnol. 15 (1999) 41-46.

[38] C.Pagnout, G. Frache, P. Poupin, B. Maunit, J.F. Muller, ].F. Ferard, Isolation and
characterization of a gene cluster involved in PAH degradation in Mycobac-
terium sp. strain SNP11: Expression in Mycobacterium smegmatis mc2155, Res.
Microbiol. 158 (2007) 175-186.

[39] M. Cunliffe, M.A. Kertesz, Autecological properties of soil sphingomonads
involved in the degradation of polycyclic aromatic hydrocarbons, Appl. Micro-
biol. Biotechnol. 72 (2006) 1083-1089.



586 G.-Y. Zhang et al. / Journal of Hazardous Materials 172 (2009) 580-586

[40] K.Martin, P. Schumann, F.A. Rainey, B. Schuetze, I. Groth, Janibacter limosus gen.
nov., sp. nov., a new actinomycete with meso-diaminopimelic acid in the cell
wall, Int. J. Syst. Bacteriol. 47 (1997) 529-534.

[41] J.H. Yoon, K.C. Lee, S.S. Kang, Y.H. Kho, K.H. Kang, Y.H. Park, Janibacter terrae sp.
nov., a bacterium isolated from soil around a wastewater treatment plant, Int.
J. Syst. Evol. Microbiol. 50 (2000) 1821-1827.

[42] J.H. Yoon, H.B. Lee, S.H. Yeo, ].E. Choi, Janibacter melonis sp. nov., isolated from
abnormally spoiled oriental melon in Korea, Int. J. Syst. Evol. Micrbiol. 54 (2004)
1975-1980.

[43] P.Kdmpfer, O. Terenius, J.M. Lindh, L. Faye, Janibacter anophelis sp. nov., isolated
from the midgut of Anopheles arabiensis, Int. J. Syst. Evol. Microbiol. 56 (2006)
389-392.

[44] A.Kageyama,Y.Takahashi, M.Y. Hirose, H. Kasai, Y. Shizuri, S. O-mura, Janibacter
corallicola sp. nov., isolated from coral in Palau, J. Gen. Appl. Microbiol. 53 (2007)
185-189.

[45] Y. Imamura, M. Ikeda, S.I. Yoshida, H. Kuraishi, Janibacter brevis sp. nov., a new
trichloroethylene-degrading bacterium isolated from polluted environments,
Int. J. Syst. Evol. Microbiol. 50 (2000) 1899-1904.

[46] E.Lang, R.M. Kroppenstedt, J. Swiderski, P. Schumann, W. Ludwig, A. Schmid, N.
Weiss, Emended description of Janibacter terrae, including ten dibenzofuran-
degrading strains and Janibacter brevis as its later heterotypic synonym, Int. J.
Syst. Evol. Microbiol. 53 (2003) 1999-2005.

[47] A. Yamazoe, O. Yagi, H. Oyaizu, Biotransformation of fluorene, diphenyl ether,
dibenzo-p-dioxin and carbazole by Janibacter sp., Biotechnol. Lett. 26 (2004)
479-486.

[48] S.W. Jin, T. Zhu, X.D. Xu, Y. Xu, Biodegradation of dibenzofuran by Janibacter
terrae strain XJ-1, Curr. Microbiol. 53 (2006) 30-36.

[49] S. Iwai, A. Yamazoe, R. Takahashi, F. Kurisu, O. Yagi, Degradation of mono-
chlorinated dibenzo-p-Dioxins by Janibacter sp. strain YA isolated from river
sediment, Curr. Microbiol. 51 (2005) 353-358.

[50] A. Yamazoe, O. Yagi, H. Oyaizu, Degradation of polycyclic aromatic hydrocar-
bons by a newly isolated dibenzofuran-utilizing Janibacter sp. strain YY-1, Appl.
Microbiol. Biotechnol. 65 (2004) 211-218.

[51] L Sierra, J.L. Valera, M.L. Marina, F. Laborda, Study of the biodegradation pro-
cess of polychlorinated biphenyls in liquid medium and soil by a new isolated
aerobic bacterium (Janibacter sp.), Chemosphere 53 (2003) 609-618.

[52] B. Lanyl, Classical and rapid identification methods for medically important
bacteria, Methods Microbiol. 19 (1987) 1-67.

[53] K. Komagata, K. Suzuki, Lipid and cell-wall analysis in bacterial systematics,
Methods Microbiol. 19 (1987) 161-207.

[54] M. Sasser, Identification of bacteria by gas chromatography of cellular fatty
acids, MIDI technical note, MIDI, Newark, Del., 1990.

[55] J. Tamaoka, K. Komagata, Determination of DNA base composition by reversed-
phase high-performance liquid chromatography, FEMS Microbiol. Lett. 25
(1984) 125-128.

[56] T. Ezaki, Y. Hashimoto, E. Yabuuchi, Fluorometric deoxyribonucleic acid-
deoxyribonucleic acid hybridization in microdilution wells as an alternative
to membrane filter hybridization in which radioisotopes are used to determine
genetic relatedness among bacterial strains, Int. ]. Syst. Bacteriol. 39 (1989)
224-229.

[57] N.Saitou, M. Nei, The neighbor-joining method: a new method for reconstruct-
ing phylogenetic trees, Mol. Biol. Evol. 4 (1987) 406-425.

[58] T.H. Jukes, C.R. Cantor, Evolution of protein molecules, in: H.N. Munro (Ed.),
Mammalian Protein Metabolism, vol. 3, Academic Press, New York, 1969, pp.
21-132.

[59] ]. Felsenstein, Phylip: phylogenetic inference package, version 3.5, University of
Washington, Seattle, 1993.

[60] L.G. Wayne, D.J. Brenner, R.R. Colwell, et al., Report of the ad hoc committee on
reconciliation of approaches to bacterial systematics, Int. J. Syst. Bacteriol. 37
(1987) 463-464.



	Isolation and characterization of a newly isolated polycyclic aromatic hydrocarbons-degrading Janibacter anophelis strain JY11
	Introduction
	Materials and methods
	Media
	Isolation of PAHs-degrading bacteria
	Morphological and physiological characteristics
	Lipid analysis
	Carbon source utilization
	Determination of G-C content and DNA-DNA hybridization
	Analysis of 16S rDNA sequence and phylogenetic analysis
	Sequence access number
	Degradation of PAHs

	Results and discussion
	Morphological and biochemical characteristics
	Chemotaxonomic characteristics and DNA base composition
	Utilization of carbon source
	Degradation of PAHs
	Effect of environmental conditions on degradation of PAHs

	Conclusion
	Acknowledgement
	References


