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Abstract Bisphenol A (2,2-bis(4-hydroxyphenyl)
propane, BPA), which is used as a synthetic
resin material or a plasticizer, is a pollutant
that possesses endocrine-disrupting activity.
Bioremediation of BPA is used to decrease its
polluting effects, and here we report a novel
bacterial strain AO1, which is able to degrade
BPA. This strain was isolated using enrichment
cultivation from a soil sample from a vegetable-
growing field; the sample was one of 500 soil
samples collected across Japan. Strain AO1
degraded 100 mg/l BPA to an undetectable level
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within 6 h in MYPG medium (containing malt
extract, yeast extract, peptone, and glucose) and
within 48 h in minimum medium containing 1%
glucose at 30°C. Strain AO1 can utilize BPA as
a sole source of carbon and as an energy source
under aerobic conditions. The estrogenic activity
of BPA in MYPG medium was ultimately
reduced by strain AOI, although the activity
initially increased. Taxonomical analysis showed
that strain AO1 is closely related to Sphingo-
monas chlorophenolicum and S. herbicidovorans,
neither of which have a capacity for BPA
degradation. DNA-DNA hybridization showed
that strain AOl is a novel species of the
Sphingomonas genus, and we designated AO1 as
S. bisphenolicum.
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Introduction

Bisphenol A (2,2-bis(4-hydroxyphenyl)propane,
BPA) is a compound used in production of
polycarbonate plastics, epoxy resins and flame-
retardants. These materials are widely utilized
as adhesives, protective coatings, paper coatings
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for compact disks, developers in dyes, and
encapsulation of electrical and electronic parts
(Staples et al. 1998). Mass consumption of
BPA-based products has led to detection of
BPA as a pollutant in rivers and streams (Sta-
ples et al. 1998); for example, BPA thought to
be derived from waste plastics has been
detected in hazardous waste landfill leachates
in Japan at a concentration of 17.2 mg/l
(Yamamoto et al. 2001). BPA has also been
proposed to be an endocrine-disrupting chemi-
cal (EDC), and may adversely affect endocrine
function in humans and wildlife (Colbone 1995;
vom Saal et al. 1998; Howdeshell et al. 1999).
Hence, biodegradation of BPA is of importance
in elimination of BPA environmental pollution,
and this approach has been adapted to highly
polluted water, such as leachates from dumps
and factories.

Several studies on BPA biodegradation have
been reported. Enzymes of white rot fungi,
including manganese peroxidases and laccases,
degrade BPA (Hirano et al. 2000; Tsutsumi
et al. 2001; Fukuda et al. 2001) and eliminate
its estrogenic activity (Tsutsumi et al. 2001). A
Gram-negative =~ BPA-degrading  bacterium,
MV1, was isolated from active sludge in a
wastewater treatment plant (Lobos et al. 1992;
Spivak et al. 1994), and Sphingomonas pauc-
imobilis FJ-4 was also obtained from activated
sludge (Ike et al. 1995, 2002). A Gram-negative
bacterium, WHI1, has been isolated from soil
contaminated with chemical industry waste, and
was subsequently shown to grow through utili-
zation of BPA as a sole carbon and energy
source (Ronen and Abeliovich 2000). Metabolic
pathways of BPA biodegradation in these
strains have been established (Spivak et al.
1994; Sasaki et al. 2005; Ike et al. 1995, 2000),
but the mechanism underlying the alteration of
BPA estrogen activity by the strains remains
unclear.

In this study, we isolated a bacterium possess-
ing a very high BPA biodegradation capacity. We
show that the bacterium can use BPA as a sole
source of carbon and as an energy source, and we
discuss the characteristics and classification of the
bacterium.
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Materials and methods
Isolation of a BPA-degrading bacterium

Five-hundred soil and sludge samples were col-
lected from farmlands, riversides, garbage piles
and chemical factories across Japan. A basal
medium (BSM medium: 1.0 g K;HPO,, 1.0 g
(NH4)2SO4, 0.2 g MgSO4 7H20, 0.01 g FCC13,
0.05 g NaCl, and 0.05 g CaCl, per liter, pH 7.2;
Ike et al. 1995) was used for the enrichment cul-
ture. One gram of each soil sample was incubated
in BSM medium containing 20 mg/l BPA as a sole
carbon source [BPAM(20)] at 30°C for 7 days in a
100-ml Erlenmeyer flask. Thereafter, 1 ml of the
culture medium was transferred in a stepwise
manner into fresh BPAM with 40, 60, and
100 mg/l of BPA [BPAM(40), BPAM(60), and
BPAM(100), respectively]. Bacterial cells were
isolated from the resultant culture by spreading
and cultivating on a BPAM(100) agar plate (1.5%
agar), and the BPA-degradation capacity of each
culture was tested using various incubation times.
A BPA-degrading bacterium strain, AO1, was
obtained from this procedure, and this strain has
been deposited in the International Patent
Organism Depositary (IPOD, Tsukuba, Japan),
as No. FERM P-17794.

BPA-degradation activity

Strain AO1 was pre-cultured in MYPG medium
(3.0 g malt extract, 3.0 g yeast extract, 5.0 g
polypeptone, and 10 g glucose per liter, pH 7.0)
with shaking at 30°C. The cells were then centri-
fuged at 1,500 x g (TOMY LC-100) for 10 min,
washed with 50 mM phosphate buffer twice, and
suspended in saline. This bacterial cell suspension
was added to fresh BPAM(100) or MYPG med-
ium containing 100 mg/l BPA at an optical den-
sity (600 nm) of 0.05, and incubated with shaking
at 30°C. Glucose was added to the medium at
levels of 0.01%, 0.1%, and 1.0% or not added.
Degradation of aromatic compounds by strain
AO1 cells was examined with the same cultivation
method, as described above, with supplementa-
tion of following aromatic compounds at 100 mg/1
substitute for BPA: protocatechuic acid, guaiacol
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(o-methoxyphenol), catechol (1,2-benzenediol),
o-chlorobenzoic acid, m-chlorobenzoic acid,
p-chlorobenzoic acid, p-hydroxybenzoic acid,
p-hydroxyacetophenone, phenol, bisphenol B
(2,2’-bis(4-hydroxyphenyl)butane), and bisphenol
S (4,4'-dihydroxydiphenylsulfone). The medium
saturated with BPA (ca. 1.5 mM) was also tested.

The BPA concentration in the medium was
measured by high performance liquid chroma-
tography (HPLC, Alliance 2690, Waters Inc.)
under the following conditions: column, Mightysil
RP18 GP150-4.6 (5 um) (Kanto Kagaku K.K.);
eluate, 70% acetonitrile and 30% water; column
oven temperature, 40°C. A photo diode array
detector was used to detect absorbance at
217 nm. The detection limit by the HPLC method
is 1 mg/l.

Sphingomonas chlorophenolicum ATCC 33790
(X87161) and S. herbicidovorans DSM11019
(AB022428) were used as control strains.

Physiological and biochemical
characterization

The isolated bacterial strain was identified using a
variety of microbiological and biochemical tests.
Nutrient agar (1% beef extract, (Difco Labora-
tories, Detroit, MI, USA), 1% peptone (Difco),
0.5% NaCl, and 1.5% agar, pH 7.2) was used as a
basal medium. Unless otherwise stated, all strains
tested were cultivated at 30°C. Cell shape, Gram
reaction and motility were investigated using cells
cultivated for 24 h. Cell morphology was exam-
ined using scanning electron microscopy (model
JSM-5600LV; JEOL). The cells were fixed with
2% glutaraldehyde and 2% osmic acid in 0.01 M
cacodylic acid buffer (NaCl, 0.15 M), and subse-
quently dried with a series of ethanol treatments.
The bacterial cells were lyophilized in tert-butyl
alcohol and then observed at an accelerated
voltage of 10 KV. Gram staining was carried
using the Hucker-Conn modification (Hucker and
Conn 1923), and motility was investigated by the
hanging drop method (Quinn et al. 1994).
Reduction of nitrate to nitrite and hydrolysis of
starch were tested by the methods of lizuka and
Komagata (1963). Hydrolysis of casein was
determined based on the appearance of a clear
zone around a colony on nutrient agar containing

12% skimmed milk after 7 days of cultivation at
25°C (Uchino et al. 2000). The oxidation—fer-
mentation (O-F) test was performed using the
method of Hugh and Leifson (1953). Catalase
activity was detected based on production of
bubbles by addition of 3% hydrogen peroxide
solution to resting cells. The oxidase test was
performed with cytochrome oxidase test paper
(Eiken Chemical Co., Ltd, Tokyo, Japan). Other
analyses were carried out using general methods
(Hasegawa 1985).

Molecular genetic analysis aasd

Cells were cultivated in nutrient broth for 24 h
with shaking, and then collected by centrifugation.
DNA was extracted by the method described by
Saito and Miura (1963). A partial 16S rDNA
fragment was amplified by PCR, using a universal
primer set corresponding to positions 8-27 (for-
ward primer) and 1492-1510 (reverse primer),
based on the Escherichia coli numbering system
(Weisburg et al. 1991). Direct sequencing of the
amplified DNA fragment was carried out, as
described by Satomi et al. (1997). The similarity of
16S rDNA sequences from strain AO1 and other
species registered in the GenBank, EMBL and
DDBJ databases was evaluated using the BLAST
algorithm (Altschul et al. 1990). Data analysis was
performed with Genetyx software (Genetyx
Corp.). Nucleotide substitution rates (Knuc val-
ues) were calculated using the method of Kimura
(1980), and a phylogenetic tree was constructed
using the neighbor-joining method of Saitou and
Nei (1987). The accession numbers of genes used
in the phylogenetic analysis are shown in Fig. 1.

DNA-DNA hybridization experiments were
also carried out using the microplate hybridiza-
tion method (Ezaki et al. 1989).

Estrogenic activity transition in BPA
degradation process

Strain AO1 cells were cultivated in MYPG med-
ium at 30°C for 17 h and collected by centrifuga-
tion at 1,500 x g (TOMY LC-100). Thereafter,
cells were washed and then were incubated in
fresh MYPG medium containing 100 mg/l BPA at
30°C for 8 h with sampling a culture supernatant
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Fig. 1 Phylogenetic tree constructed by the neighbor-joining method based on 16S rDNA sequences of AO1 and related
bacteria. Scale bar represents an evolutionary distance (Knuc) of 0.02

every one hour for measurements of the BPA and
4-hydroxyacetophenone (4-HAP) concentrations.
4-HAP was detected by GC-MS (Shimadzu
QP-5050A) equipped with a DB-5MS capillary
column (0.25 pm x 0.25 mm x 30 m; J&W Scien-
tific) under the following chromatographic condi-
tion: the injector temperature is 250°C, and the
sequential elution condition is 40°C for 2 min, 40—
100°C at 5°C/min, 100-200°C at 10°C/min, and
200-300°C at 20°C/min. Helium at 14 psi was used
as the carrier gas. The interface was kept at 270°C.
The mass spectra were obtained by the electron
impact positive mode at 70 eV in the full scan
mode. Estrogenic activities were measured five
times using the two-hybrid method (Tsutsumi
et al. 2001) and were represented as relative
activities to a control value which is without the
bacterium.

Results
Isolation of a BPA-degrading bacterium

One gram of each of 500 soil and sludge samples
collected in Japan was inoculated directly into
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BPAM(20) liquid medium. After incubation for
7 days at 30°C, 144 samples showed increased
turbidity, suggesting inhabitation of these samples
by BPA-degrading bacteria. We then attempted
to obtain bacterial strains with higher BPA-deg-
radation activity using the enrichment cultivation
method, which resulted in 123, 110, and 92 sam-
ples with increased turbidities in BPAM(40),
BPAM(60) and BPAM(100) liquid media,
respectively. Finally, 92 isolates from the
BPAM(100) cultures were isolated by spreading
and cultivating on BPAM(100) agar plates, and
their BPA-degrading activity was individually
tested using various incubation times in
BPAM(100) liquid medium. Almost all isolates
showed weak and unstable BPA degradation, but
strain AO1, which was isolated from the soil of a
vegetable field, showed strong and stable BPA
degradation, especially in MYPG medium.

Physiological and biochemical
characterization

Strain AO1 was shown to be a Gram-negative,
non-spore forming and aerobic rod-shaped bac-
terium of 0.5-0.7 ym in diameter and 0.7-2.2 ym
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in length. The AO1 colony that formed on
nutrient agar plates was yellow, convex and cir-
cular, and had a smooth surface. Strain AO1 was
positive in motility, catalase and oxidase tests,
and positive for reduction of nitrate, liquefaction
of gelatin and utilization of citrate. The strain was
negative in O-F and V-P tests, and negative for
growth under anaerobic conditions, hydrolysis of
aesculin, hydrolysis of starch, hydrolysis of Tween
80, hydrolysis of casein, decomposition of DNA,
degradation of urea, degradation of tyrosine,
degradation of arginine, production of indole,
production of hydrogen sulfide, growth in the
presence of 2, 5, and 7% NaCl, and growth in the
presence of 0.01% lysozyme. The pH and tem-
perature ranges for growth were 5.5-8.5 and 10—
40°C, respectively. A comparison of physiological
and biological characteristics of the strain AO1
and type strains of S. chlorophenolicum and
S. herbicidovorans are shown in Table 1. Acid
production levels from organic compounds and
some other characteristics of strain AOI1 differed
from the two type strains. Based on these results,
AO1 was considered to belong to the Sphingo-
monas genus (formerly the Flavobacterium
genus) (Holt et al. 1994).

Molecular genetic analysis aasd

To identify the species of strain AO1, the partial
16S rDNA fragment was amplified by PCR. The
16S rDNA sequence of strain AO1 was registered
in the DDBJ database (accession no. AB191723),
and compared with other 16S rDNA sequences of
Sphingomonas sp. and neighboring species. Based
on this analysis, strain AO1 was clustered with
S. chlorophenolicum and 8. herbicidovorans,
while other Sphingomonas species were clustered
in other groups (Fig. 1). Strain AO1 showed a
high similarity to S. yanoikuyae (96.3%), S.
chlorophenolicum (97.8%) and S. herbicidovo-
rans (96.6%), indicating that AO1 is a member of
the genus Sphingomonas. However, the highest
similarity is only 97.8 %, suggesting that AO1 may
be a novel species.

DNA-DNA hybridization experiments
(Stackebrandt and Goebel 1994) between
genomes isolated from strain AO1 bacteria and
from type strains of the S. chlorophenolicum and
S. herbicidovorans species were performed for
the purpose of classification. The strain AO1
genomes showed 5% and 17% similarities to
S. chlorophenolicum ATCC 33790 and 4% and

Table 1 Physiological

. . Characteristic Strain AO1 S. chlorophenolicum S. herbicidovorans

and biological

characteristics of straiq Motility N _ .

AO? and two type strains, Behavior to oxygen Aerobic Aerobic Aerobic

Sp hmgomona; Colony color Yellow Yellow Deep yellow

chlo.rophenoltcum and Catalase test + . N

Sp hll?g.omonas Oxidase test + + _

herbicidovorans. Data of Reduction of nitrate + - _

the two type strains were

cited from Nohynek et al. Hydrolysis of

(1995), Takeuchi et al. Aesculin - + +

(2001), and Yabuuchi Gelatin + + +

et al. (2002) Starch - - -
Tween 80 - -
Utilization of citrate + - _
DNase - —
Acid production from
Glucose + + +
Maltose + - +
Sucrose + + _
Ribose - - _
Xylose + + +
Sorbitol - - —

Characters scored as + : Manpltol - + +
Inositol - - _

positive, — : negative
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30%  similarities to S.  herbicidovorans
DSM11019. These results also indicate that strain
AOL1 belongs to a new species.

BPA-degradation activity

Strain AO1 could metabolize BPA in
BPAM(100) medium in the absence of glucose,
but the addition of glucose improved cell growth
and shortened the BPA degradation time (Fig. 2).
BPA at 100 mg/l was reduced to a level unde-
tectable by HPLC within 44 h in BPAM(100)
medium containing 0.1% or 1.0% glucose, and
within 6 h in MYPG medium (data not shown),
whereas neither of the neighboring species
S. chlorophenolicum mnor S. herbicidovorans
degraded BPA in either medium (data not
shown). BPA degradation by strain AO1 cells was
also confirmed by the following observations:
boiled AO1 lysate did not decrease the BPA
concentration (Fig. 2) and an extract of the col-
lected AO1 lysate did not contain BPA.

The following aromatic compounds were
degraded by strain AO1 at 30°C for 120 h both in
BSM medium containing 0.1% glucose and
MYPG medium: catechol, p-hydroxybenzoic acid,
p-hydroxyacetophenone, phenol, bisphenol B,
and a saturated solution of BPA. However, the
following compounds were not degraded by
strain AQO1: protocatechuic acid, guaiacol,
o-chlorobenzoic acid, m-chlorobenzoic acid,

120
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60

40

20

BPA concentration (mg/l)

0 \ \ .
0 10 20 30 40 50 60 70 80

Incubation time (hours)

Fig. 2 Typical time courses for the degradation of 100 mg/
1 BPA in BPAM medium by the strain AO1. Glucose was
added to the medium at levels of 0.01% (open squares),
0.1% (open triangles), and 1.0% (crosses), or not added
(solid circles). Boiled AO1 was used as a control (open
circles)
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p-chlorobenzoic acid, and bisphenol S. p-Hy-
droxybenzoic acid and phenol were degraded in
MYPG medium but not in BSM medium con-
taining 0.1% glucose.

Estrogenic activity transition in BPA
degradation process

To examine if strain AO1 could eliminate BPA
estrogenic activity by BPA degradation, the
estrogenic activity of MYPG medium containing
BPA at 100 mg/l was monitored during cultiva-
tion with strain AO1. The BPA concentration in
culture supernatants decreased to an undetect-
able level after incubation for 5 h, but the relative
estrogenic activity increased by 3.6 times after 4 h
before gradually decreasing to an undetectable
level by 12 h; although the activity of the control
remained at the initial concentration (Fig. 3, and
data not shown). 4-HAP, a BPA metabolite, was
not detected at the start of the incubation, but
gradually increased to 31 mg/l after incubation
for 6 h and then decreased. Correlation between
the time courses of estrogen activity and 4-HAP
concentration was not observed.

Discussion

Strain AO1, which had the highest BPA-degra-
dation capacity among the strains obtained in this

120 500

100 - {400

80
1300

Concentration of BPA and 4-HAP
Relative estrogen activity (%)

%o 60
~ 1200
40
| 1100
il F 8 N
T
0 Fﬁ 0
0 1 2 3 4 5 6 71 8

Incubation time (hours)

Fig. 3 Typical time courses for the degradation of 100 mg/
1 BPA in MYPG medium by strain AO1. The relative
estrogen activity was defined as percentage of the initial
activity (open boxes with standard error bars) at each time
point. BPA and 4-HAP concentrations are represented by
solid circles and solid triangles, respectively
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study, was isolated using enrichment culture of a
soil sample from a vegetable-growing field. In
total, 92 strains of BPA-degrading bacteria were
obtained from 500 soil samples. Although some of
these samples may not have been contaminated
with BPA, our results indicate that BPA-
degrading bacteria are widely distributed in the
environment, as found by Ike et al. (1995) and
Dorn et al. (1987).

Although BPA-degrading bacteria such as the
MV1 strain have been reported previously,
strain AO1 appears to possess some unique
properties, as described below. The BPA
metabolites produced by AO1 cells in the
medium decreased to an undetectable level
(Sasaki et al. 2005), whereas several metabolites,
including 2,3-bis (4-hydroxyphenyl)-1,2-propane-
diol and p-hydroxyphenacyl alcohol, remained in
the culture after treatment with MV1 cells
(Lobos et al. 1992; Spivak et al. 1994). Culturing
of MV1 cells in the presence of BPA under
conditions of vigorous aeration caused 4-HAP
accumulation in the culture at levels inhibitory
for cell growth (Lobos et al. 1992). In contrast,
strain AO1 can degrade BPA at saturation BPA
concentration (about 1.5 mM) and can also de-
grade 100 mg/l bisphenol B. S. paucimobilis FJ-4
cells can degrade BPA at a concentration up to
1.0 mM, but cannot grow in a medium contain-
ing BPA at a saturated concentration, and can-
not degrade BPA at this concentration or
degrade 100 mg/l bisphenol B. Lobos et al.
(1992) reported difficulties in colony formation
and maintenance of strain MV1 on solid mini-
mal medium containing BPA as a sole carbon
source. However, strain AO1 cells can easily be
preserved both on solid medium and in a rich
liquid medium. Hence, the properties of strain
AOL1 cells appear to be advantageous for bio-
remediation.

Estrogenic activity of strain AO1 metabolites
increased after incubation for 4 h and a 4-HAP
peak was observed after 6 h, before the estro-
genic activity finally disappeared. The ability of
strain AO1 to eliminate estrogenic activity pro-
vides a great benefit for bioremediation, but the
initial increase in activity is a disadvantage. This
observation indicates that some BPA metabolites

formed by strain AO1 have relatively high
estrogenic activities and remain in the culture for
some time. For strain MO6, Ohtani et al. (2003)
have suggested that 4,4’-dihydroxy-o«-methylstil-
bene (DHMS), an intermediate formed during
BPA degradation, probably contributes to a rise
in estrogenic activity, since its structure is similar
to diethylstilbestrol (DES), a synthetic estrogen.
Strains MV1 and FJ-4 are thought to have the
same BPA degradation pathway as that of strain
MOG6, the first step of which is transformation of
BPA to DHMS, and the degradation pathway of
strain AO1 may also be similar (Sasaki et al.
2005). Hence, BPA degradation by bacterial cells
may temporarily increase estrogenic activity.
However, Ike et al. (2002) found that the end
products of BPA degradation by strain FJ-4 cells,
including 4-HAP, had no or very low acute
toxicity, mutagenicity and estrogenic activity,
compared with BPA. Further investigation of the
BPA degradation pathway in strain AO1 will be
required to confirm these results for AO1.

Strain AO1 was shown to belong to a new
species in the Sphingomonas genus, based on
DNA-DNA hybridization analysis. Hence, we
propose that strain AO1 should be designated as
a new species, S. bisphenolicum. The genus
Sphingomonas was defined by Yabuuchi et al.
(1990) as comprising strictly aerobic, chemohet-
erotrophic, yellow-pigmented, Gram-negative,
rod-shaped bacteria that contain glycosphingoli-
pids as cell envelope components. Takeuchi et al.
(2001) have proposed that the genus Sphingo-
monas can be divided into four individual genera
based on phylogenetic analyses of 16S rDNA
gene sequences. However, Yabuuchi et al. (2002)
insisted that genus Sphingomonas should be
undivided by the phenotypic, biochemical and
genetic analyses. According to the classification
by Takeuchi et al. (2001), strain AO1 is classified
into the genus Sphingobium, in which Sphingo-
bium chlorophenolicum and S. herbicidovorans
are members.

Acknowledgements We thank Ms. Akiko Oishi for her
technical assistance. The authors thank Dr. Osamu Shida,
R&D Department, Higeta Shoyu Co. Ltd., Chiba, Japan
for physiological and biochemical characterization of
strain AOL1.

@ Springer



254

Biodegradation (2007) 18:247-255

References

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ
(1990) Basic local alignment search tool. J Mol Biol
215:403-410

Colborn T (1995) Environmental estrogens: Health
implications for humans and wildlife. Environ Health
Perspect 103:135-136

Dorn PB, Chou CS, Gentempo JJ (1987) Degradation of
bisphenol A in natural waters. Chemosphere 16:1501-
1507

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

Fukuda T, Uchida H, Takashima Y, Uwajima T, Kawabata
T, Suzuki M (2001) Degradation of bisphenol A by
purified laccase from Trametes villosa. Biochem
Biophys Res Commun 284:704-706

Hasegawa T (1985) Classification and Identification of
Microorganisms (2nd edn.). Japan Scientific Society
Press, Tokyo (in Japanese)

Hirano T, Honda Y, Watanabe T, Kuwahara M (2000)
Degradation of bisphenol A by the lignin-degrading
enzyme, manganese peroxidase, produced by the
white-rot bacidiomycete, Pleurotus ostreatus. Biosci
Biotechnol Biochem 64:1958-1962

Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams ST
(1994) Bergey’s Manual of Detaminative Bacteriol-
ogy. (9th edn.), Williams & Wilkins, Baltimore

Howdeshell KL, Hotchkiss AK, Thayer KA Vandenbergh
JG, Vom Saal FS (1999) Environmental toxins:
Exposure to bisphenol A advances puberty. Nature
401:763-764

Hucker GJ, Conn HJ (1923) Methods of Gram staining.
Technical Bulletin 129, Ithaca. New York State
Agricultural Experiment Station

Hugh R, Leifson E (1953) The taxonomic significance of
fermentative versus oxidative metabolism of carbo-
hydrates by various gram-negative bacteria. J Bacte-
riol 66:24-26

Tizuka H, Komagata K (1963) An attempt at grouping of
the genus Pseudomonas. J Gen Appl Microbiol 9:73—
82

Ike M, Chen MY, Jin CS, Fujita M (2002) Acute toxicity,
mutagenicity, and estrogenicity of biodegradation
products of bisphenol-A. Environ Toxicol 17:457-461

Ike M, Jin CS, Fujita M (1995) Isolation and character-
ization of novel bisphenol A-degrading bacterium
Pseudomonas paucimobilis strain FJ-4. Japanese J
Water Biol 31:203-212

Ike M, Jin CS, Fujita M (2000) Biodegradation of
bisphenol A in the aquatic environment. Wat Sci
Technol 42:31-38

Kimura M (1980) A simple method for estimating evolu-
tionary rate of base substitutions through comparative
studies of nucleotide sequences. J Mol Evol 16:111—
120

@ Springer

Lobos JH, Leib TK, Su TM (1992) Biodegradation of
bisphenol A and other bisphenols by a Gram-negative
aerobic bacterium. Appl Environ Microbiol 58:1823—
1831

Nohynek LJ, Suhonen EL, Nurmiaho-Lassila EL, Hantula
J, Salkinoja-Salonen M (1995) Description of four
pentachlorophenol-degrading bacterial strains of
Sphingomonas chlorophenolica sp. nov. Syst Appl
Microbiol 18:527-538

Ohtani Y, Shimada Y, Shiraishi F, Kozawa K (2003)
Variation of estrogenic activities during the bio-deg-
radation of bisphenol A. J Environ Chem 13:1027-
1031 (in Japanese)

Quinn PJ, Carter ME, Markey B, Carter GR (1994)
Bacillus species. In Clinical veterinary microbiology.
Mosby-Year Book, St Louis, 178-183

Ronen Z, Abeliovich A (2000) Anaerobic-aerobic process
for microbial degradation of tetrabromobisphenol A.
Appl Environ Microbiol 66:2372-2377

Saito H, Miura K (1963) Preparation of transforming
deoxyribonucleic acid by phenol treatment. Biochim
Biophy Acta 72:619-629

Saitou N, Nei M (1987) A neighbor-joining method: a new
method for reconstructing phylogenetic trees. Mol
Biol Evol 4:406-425

Satomi M, Kimura B, Mizoi M, Sato T, Fujii T (1997)
Tetragenococcus muriaticus sp. nov., a new moder-
ately halophilic lactic acid bacterium isolated from
fermented squid liver sauce. Int J Syst Bacteriol
47:832-836

Sasaki M, Maki J, Oshiman K, Matsumura Y, Tsuchido T
(2005) Biodegradation of bisphenol A by cells lysate
from Sphingomonas sp. strain AO1. Biodegradation
16:449-459

Spivak J, Leib TK, Lobos JH (1994) Novel pathway for
bacterial metabolism of bisphenol A. J Biol Chem
269:7323-7329

Stackebrandt E, Goebel BM (1994) Taxonomic note: a
place for DNA-DNA reassociation and 16S rRNA
sequence analysis in the present species definition in
bacteriology. Int J Syst Bacteriol 44:846-849

Staples CA, Dom PB, Klecka GM, O’Block ST, Harris LR
(1998) A review of the environmental fate, effects,
and exposures of bisphenol A. Chemosphere 36:2149—
2173

Tsutsumi Y, Haneda T, Nishida T (2001) Removal of
estrogenic activities of bisphenol A and nonylphenol
by oxidative enzymes from lignin-degrading basidio-
mycetes. Chemosphere 42:271-276

Takeuchi M, Hamana K, Hiraishi A (2001) Proposal of the
genus Sphingomonas sensu stricto and three new
genera, Sphingobium, Novosphingobium and Sphin-
gopyxis, on the basis of phylogenetic and chemotax-
onomic analysis. Int J Syst Bacteriol 51:1405-1417

Uchino M, Kosako Y, Uchimura T, Komagata K (2000)
Emendation of Pseudomonas straminea lizuka &
Komagata 1963. IntJ Syst Evol Microbiol 50:1513-1519

vom Saal F, Cooke PS, Buchanan DL, Palanza P, Thayer
KA, Nagel SC, Parmigiani S, Welshons WV (1998) A
physiologically based approach to the study of



Biodegradation (2007) 18:247-255

255

bisphenol A and other estrogenic chemicals on the
size of reproductive organs, daily sperm production,
and behavior. Toxicol Ind Health 14:239-260

Weisburg WG, Barns SM, Pelletier DA, Lane DJ (1991)
16S ribosomal DNA amplification for phylogenetic
study. J Bacteriol 173:697-703

Yabuuchi E, Yano I, Oyaizu H, Hashimoto Y, Ezaki T,
Yamamoto H (1990) Proposals of Sphingomonas
paucimobilis gen. nov. and comb. nov., Sphingomonas
parapaucimobilis sp. nov., Sphingomonas yanoikuyae
sp. nov., Sphingomonas adhaesiva sp. nov., Sphingo-
monas capsulata comb. nov., and two genospecies

of the genus Sphingomonas. Microbiol Immunol
34:99-119

Yabuuchi E, Kosako Y, Fujiwara N, Naka T, Matsunaga I,
Ogura H, Kobayashi K (2002) Emendation of the
genus Sphingomonas Yabuuchi et al. 1990 and junior
objective synonymy of the species of three genera,
Sphingobium, Novosphingobium and Sphingopyxis, in
conjunction with Blastomonas ursincola. Int J Syst
Evol Microbiol 52:1485-1496

Yamamoto T, Yasuhara A, Shiraishi H, Nakasugi O (2001)
Bisphenol A in hazardous waste landfill leachates.
Chemosphere 42:415-418

@ Springer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


