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Abstract Bisphenol A (BPA) is one of the endocrine-
disrupting chemicals that are ubiquitous in aquatic environ-
ments. Biodegradation is a major way to clean up the BPA
pollution in sediments. However, information on the effective
BPA biodegradation in anaerobic sediments is still lacking.
The present study investigated the biodegradation potential
of BPA in river sediment under nitrate- or sulfate-reducing
conditions. After 120-day incubation, a high removal of
BPA (93 or 89 %) was found in sediment microcosms
(amended with 50 mg kg™' BPA) under these two anaerobic
conditions. Illumina MiSeq sequencing analysis indicated that
Proteobacteria, Bacteroidetes, Chloroflexi, Firmicutes,
Gemmatimonadetes, and Actinobacteria were the major bacte-
rial groups in BPA-degrading sediments. The shift in bacterial
community structure could occur with BPA biodegradation.
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Introduction

Mass consumption of bisphenol A (BPA)-containing products
has resulted in a widespread contamination of BPA in various
aquatic environments, such as municipal wastewater [20, 23],
river water and sediment [11, 28, 29, 35], lake water and
sediment [24], groundwater [23], and tap water [10, 23]. The
ubiquity of BPA in aquatic environments has aroused increas-
ing eco-environmental concerns, due to its estrogenic effect on
both human beings and other organisms [8, 42]. Microbial
degradation plays a major role in the attenuation of BPA in
natural environments. So far, aerobic BPA biodegradation in
bulk water and sediment has been well-documented [7, 13, 17,
18, 40]. Moreover, acrobic BPA degraders belonging to several
different bacterial genera have been isolated from natural aquatic
ecosystems, such as Pseudomonas [7, 17], Bacillus [7],
Novosphingobium [31], Sphingomonas [26], and Streptomyces
[19]. In addition, anaerobic degradation in sediment ecosystems
can be of greater importance for the cleanup of BPA pollution
because they are mainly anaerobic. However, it remains unclear
whether or not a significant attenuation of BPA in natural
environments can occur under anaerobic conditions. Several
previous studies suggested that BPA biodegradation in surface
water or sediment could be hampered under anaerobic condi-
tions [7, 17, 32]. It is usually hard to isolate pollutant degraders
from anaerobic ecosystems. To date, only an anaerobic BPA-
degrading bacterium (Bacillus sp. GZ) has been isolated from
the environment [21].

The abatement of contamination in the environment is
carried out by the collaborative role of a whole microbial
community, instead of the isolated degraders alone [12, 36,
40]. Knowledge of BPA-degrading sediment microbial com-
munity can aid in our better understanding of BPA biodegra-
dation in aquatic environments [40]. Therefore, the present
study was to investigate the biodegradation potential of BPA
in river sediment under anaerobic conditions. The structure of
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bacterial community associated with BPA degradation and its
shift was also characterized.

Materials and Methods
Microcosm Setup

The river sediment (0—10-cm depth) used for anaerobic
biodegradation tests was collected from the Beiyun Canal
(Beijing), which was polluted by the discharge from munic-
ipal wastewater treatment plant. The sediment was stored at
4 °C after being air-dried and homogenized. The sediment
sample (pH 7.6) contained organic matter of 6.3 g kg '. At
the time of collection, the BPA level in river sediment was
nearly 1.5 mg kg™'. The mineral salt medium (pH 7.0) used
in the biodegradation experiments was prepared as previous-
ly described [6], including (g L™"): NH4CI (2.7), MgCly:
6H,0 (0.1), CaCl, (0.08), FeCl,-4H,O (0.02), K,HPO,
(0.27), KH,PO,4 (0.35), and resazurin (0.001). Each micro-
cosm contained mineral salt medium (10 mL), sediment
(3 g, dry weight), resazurin (1 mg L"), and supplementary
electron acceptor (NaNO; or Na,SO,4, 20 mmol LY ina
150-mL serum bottle. In this study, six different treatments
in triplicate were carried out: (A) sediment +20 mmol L
NaNO;, (B) sterilized sediment +50 mg kg ' BPA +
20 mmol L' NaNOs, (C) sediment +50 mg kg ' BPA +
20 mmol L NaNO;s, (D) sediment +20 mmol L! Na,SOy,
(E) sterilized sediment +50 mg kg™' BPA +20 mmol L'
Na,SO,, (F) sediment +50 mg kgﬁl BPA +20 mmol L™
Na,SO,, and (G) sediment +50 mg kg ' BPA. The head-
space in bottles was vacuumed for 10 s and then refilled
with purified N, gas three times, as previously described
[34]. The bottles were sealed with rubber stoppers and
aluminum seals. The autoclaved controls were obtained by
repeated autoclaving at 120 °C (30 min, three successive
days). All the sediment microcosms were incubated at 25 °C
on a horizontal shaker (150 rpm) for 120 days. At days 0, 6,
30, 40, 57, 75, 98, and 120, bottles were sacrificed and 1 g
of dried sediment samples was used for chemical analysis,
while the remaining sediment was used for DNA extraction.
The number of bottles for each treatment was determined
according to our preliminary study.

Chemical and Molecular Analyses

The residual BPA in sediment was extracted and deter-
mined according to the literature [40]. Briefly, sediment
was extracted twice with methanol (10 mL), using a 300-
W ultrasonic processor. The mixture was filtered with a
0.22-um syringe filter, and the BPA in filtrate was deter-
mined using a high-performance liquid chromatography by
absorbance at 276 nm with the retention time of 5.8 min.
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The concentrations of nitrate and sulfate in liquid phase of
microcosms were determined using ion chromatography
(Dionex ICS-500, USA) equipped with an lopac ASI4
analytical column, as previously described [34].

Genomic DNA of each sediment sample was extracted
using the Powersoil DNA extraction kit (Mobio Laboratories).
Sediment DNA were amplified using the primers 515F
(5'-GTGCCAGCMGCCGCGG-3") and 806R (5'-GGAC
TACHVGGGTWTCTAAT-3"), targeting the V4 hyper-
variable regions of 16S rRNA genes [2, 22]. The
amplicons from each triplicate individual treatment were
mixed in equal amounts and then subject to Illumina
MiSeq sequencing. The quality filtering of sequences was
carried out according to the literature [1]. UPARSE pipeline
was applied to assign operational taxonomic units (OTUs),
and sequences with 97 % similarity were clustered into OTUs.
The identity of the representative sequence for each OTU was
assigned using the RDP classifier [33]. Shannon diversity
index and rarefaction curve of each sediment sample were
generated using the UPARSE pipeline [9]. The beta diversity
analysis was carried out using UniFrac to compare bacterial
community. Weighted unifrac with QIIME (http://qiime.org/
index.html) was used for Weighted Pair Group Method with
Arithmetic mean (WPGMA) Clustering. The sequences ob-
tained from Illumina MiSeq sequencing analysis in this study
were deposited in the NCBI short-read archive under acces-
sion number SRP045722.

Statistical Analysis

Analysis of variance (one-way analysis of variance) using the
software SPSS 20 was applied to check for the quantitative
differences in the residual BPA. P<0.05 was considered to be
statistically significant.

Results
BPA Biodegradation

In this study, a negligible variation in the nitrate and sulfate
concentrations was observed in the autoclaved controls (with
treatments B and E). In contrast, nitrate loss was observed in
the liquid phase of the sediment microcosm with treatment C
(approximately 3 mmol L™"). A marked sulfate loss (nearly
2 mmol L") also occurred in the sediment microcosm with
treatment F. These results confirmed the occurrence of nitrate
or sulfate reduction in the non-sterilized sediment micro-
cosms. Because of the hydrophobicity of BPA, the total
amount of BPA in liquid phase of microcosms was negligible,
compared with that in sediment during the incubation period
(data not shown). At each sampling date (except day 0), the
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residual rate of BPA in the microcosm with treatment C was
significantly lowered than that in the microcosm with treat-
ment B (P<0.05) (Fig. 1). In the microcosm with treatment C,
the average residual rates of 65, 44, 29, and 7 % were ob-
served at days 40, 75, 98, and 120, respectively. In contrast, an
average residual rate of 80 % remained in the autoclaved
control after 120-day incubation. These results indicated the
occurrence of BPA biodegradation coupled with nitrate reduc-
tion. In addition, at each sampling date (except day 0), the
residual rate of BPA in the microcosm with treatment F was
significantly lowered than that in the microcosm with treat-
ment E (P<0.05). On day 120, the average residual rates of
BPA in the microcosms with treatments F and E were 11 and
76 %, respectively. These results illustrated the occurrence of
biological attenuation of BPA coupled with sulfate reduction.
Moreover, an average residual rate of 85.7 % was still found in
the microcosm with treatment G (without addition of nitrate or
sulfate) after 120-day incubation. This suggested that a rapid
anaerobic biodegradation of bisphenol A could not occur
without external electron acceptors.

Bacterial Community Diversity and Composition

In this study, [llumina MiSeq sequencing analysis was applied
to depict sediment bacterial communities in different micro-
cosms. The obtained valid reads were normalized to 10,600
for the studied sediment samples in the microcosms with
treatments A and C. Using a 3 % sequence dissimilarity cutoff,
the number of OTUs in these sediment bacterial communities
varied from 885 to 1115 (Table 1a). At days 75 and 120, the
OTU number of the microcosm sample with treatment C was
higher than that with treatment A. The appearance of a plateau
in the rarefaction curve for each sediment sample indicated
that the sediment community diversity had been well investi-
gated at the sequencing depth used in this study (Fig. S1a).
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Fig. 1 Percentage of sediment residual BPA in the microcosms with
treatments B, C, E, F, and G. Treatment B, sterilized sediment+
50 mg kg ' BPA+20 mmol L' NaNOs; treatment C, sediment+
50 mg k}{1 BPA+20 mmol L' NaNOs; treatment E, sterilized
sediment+50 mg kg71 BPA+20 mmol L' Na,SO,; treatment F
sediment+50 mg kg71 BPA+20 mmol L' Na,SO,; and treatment G,
sediment+50 mg kg ' BPA. BPA values are the average of three
independent experiments. Vertical bars indicate standard deviations

Table 1 Community richness and diversity indices for microcosm
samples under nitrate- (a) and sulfate-reducing (b) conditions
(a)
Sample OTUs Shannon index®
ACO 885 7.89
A75 1021 7.73
C75 1115 7.26
A120 930 7.98
C120 1105 7.67
(b)
Sample OTUs Shannon index®
DFO0 1213 7.98
D75 1096 6.81
F75 891 7.70
D120 977 7.38
F120 1197 7.89

Uppercase letters refer to treatment, and digits indicate sampling date.
Sample ACO represents the composite sample from the microcosms with
treatments A and C on day 0, while sample DFO represents the composite
sample from the microcosms with treatments D and F on day 0. Treatment
A, sediment+20 mmol L ! NaNOQO;; treatment C, sediment+50 mg kgf1

BPA+20 mmol L' NaNOj; treatment D, sediment+20 mmol L™

Na,SO4; and treatment F, sediment+50 mg kg' BPA+20 mmol L™

Na2504

 Tags are normalized to 10,600

® Tags are normalized to 9800

The Shannon index values of the sediment samples with
treatments A and C ranged between 7.26 and 7.98. At days
75 and 120, the microcosm sample with treatment C had a
lower Shannon diversity than that with treatment A. The
number of normalized sequences was 9800 for the sediment
samples in the microcosms with treatments D and F, com-
posed of 891-1213 OTUs (Table 1b). On day 75, the OTU
number of the microcosm sample with treatment F was lower
than that with treatment D, while sample F120 had a higher
OTU number than sample D120. Moreover, Fig. S1b also
showed that the community diversities of these sediment
samples had been well-captured, with the Shannon index
value of 6.81-7.98. At days 75 and 120, the microcosm
sample with treatment F had a higher bacterial diversity than
that with treatment D.

Nine frequently detected bacterial phyla were identified
in the microcosm samples with treatments A, C, D and F,
including Proteobacteria, Bacteroidetes, Chloroflexi,
Firmicutes, Gemmatimonadetes, Actinobacteria,
Planctomycetes, Verrucomicrobia, and Acidobacteria
(Fig. 2a, b). For the microcosm samples with treatments
A and C, Proteobacteria (accounting for 31.7-47.3 %)
was the largest phylum group in all samples, mainly
consisting of Betaproteobacteria and Gammaproteobacteria.
A large variation in the proportion of proteobacterial classes
was found among these sediment samples (Fig. 3a). For the
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Fig. 2 Comparison of the quantitative contribution of the sequences
affiliated with different phyla to the total number of sequences from the
microcosm samples under nitrate- (a) and sulfate-reducing (b) conditions.
The rare species with relative abundance less than 0.5 % are included as
others. Uppercase letters refer to treatment, and digits indicate sampling
date. Sample ACO represents the composite sample from the microcosms
with treatments A and C on day 0, while sample DF0 represents the
composite sample from the microcosms with treatments D and F on day
0. Treatment A, sediment+20 mmol L' NaNOs; treatment C, sediment-+
50 mg kg ' BPA+20 mmol L' NaNOs; treatment D, sediment+
20 mmol L' Na,SOy; and treatment F, sediment-+50 mg kg71 BPA+
20 mmol L ™! Na,SO,

microcosm sample with treatment A, the relative abundance
of Betaproteobacteria decreased from 21.2 % (day 0) to 8.4 %
(day 75), followed by a slight rise to 9.7 % (day 120). A large
decrease in the betaproteobacterial proportion was also found
in the microcosm with treatment C after 75-day incubation,
while a large increase occurred in subsequent incubation. In
contrast, only a slight decrease in the betaproteobacterial
proportion was observed in the microcosm with either treat-
ment A or C. The relative abundance of Bacteroidetes showed
a large increase in the microcosm with treatment A after 75-
day incubation, followed by a slight decline in subsequent
incubation. Compared with day 75, the proportion of
Bacteroidetes showed a remarkable drop on day 120 in the
microcosm with treatment C. Moreover, a slight variation in
the proportions of Chloroflexi and Actinobacteria occurred in
the microcosm with either treatment A or C, and Firmicutes
and Gemmatimonadetes showed a slight increase during in-
cubation. In addition, based on OTU level, the result of
WPGMA clustering illustrated that sample ACO was dis-
tantly separated from other sediment samples (Fig. 4a),
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Fig. 3 Comparison of the quantitative contribution of the sequences
affiliated with different proteobacterial classes to the total number of
sequences from the microcosm samples under nitrate- (a) and sulfate-
reducing (b) conditions. Uppercase letters refer to treatment, and digits
indicate sampling date. Sample ACO represents the composite sample
from the microcosms with treatments A and C on day 0, while sample
DFO represents the composite sample from the microcosms with
treatments D and F on day 0. Treatment A, sediment+20 mmol L'
NaNOs; treatment C, sediment+50 mg kg ' BPA+20 mmol L™
NaNOs; treatment D, sediment+20 mmol L' Na,SO,; and treatment F,
sediment+50 mg kg ' BPA+20 mmol L' Na,SO,
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Fig.4 WPGMA clustering of microcosm sediment samples under nitrate-
(a) and sulfate-reducing (b) conditions based on OTU level. Uppercase
letters refer to treatment, and digits indicate sampling date. Sample ACO
represents the composite sample from the microcosms with treatments A
and C on day 0, while sample DFO represents the composite sample from
the microcosms with treatments D and F on day 0. Treatment A, sediment+
20 mmol L' NaNOs; treatment C, sediment+50 mg kg ' BPA+
20 mmol L' NaNOs; treatment D, sediment+20 mmol L' Na,SO,;
and treatment F, sediment+50 mg kg ' BPA+20 mmol L' Na,SO,
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Table 2 Comparison of percentage of the sequences affiliated with the frequently identified genera to the total number of sequences from the
microcosm sediment samples under nitrate- (a) and sulfate-reducing (b) conditions

(a)
Taxon ACO A75 C75 A120 C120
Acidobacteria
Candidatus Solibacter - 1 -2 1.41 0.71
Actinobacteria
Mycobacterium 0.58 0.6 0.51 0.59 0.58
Streptomyces 0.66 0.65 - 0.65 -
Bacteroidetes
A4 0.90 - - - -
Chloroflexi
Anaerolinea 1.05 - - 1.07 -
Firmicutes
Bacillus 0.81 1.23 1.37 1 1.98
Sporosarcina 0.72 1.06 0.85 0.83 1.16
Clostridium - 0.62 - 0.6 0.55
Sedimentibacter 0.58 091 0.57 0.69 0.53
Desulfurispora - 0.56 - - 0.53
Sporotomaculum - 0.51 - - -
Alphaproteobacteria
Ochrobactrum 2.13 3.83 3.37 2.86 2.26
Betaproteobacteria
Hydrogenophaga 1.47 1.15 0.69 1.1 1.09
Polaromonas 0.58 - - 0.6 -
Thiobacillus 7.08 2.04 1.78 245 3.59
Methylotenera 1.67 - - - -
Gammaproteobacteria
Acinetobacter 1.45 1.41 1.05 1.88 1.09
Arenimonas 2.00 0.9 0.96 0.81 0.93
Luteimonas 0.62 0.51 - 0.56 -
Lysobacter 0.79 0.73 0.63 0.73 0.61
Pseudoxanthomonas 4.23 3.89 5.02 3.74 3.52
Thermomonas 2.81 4.2 4.78 2.52 3.27
Thermi
Deinococcus - - - 0.88 -
(b)
Taxon DFO0 D75 F75 D120 F120
Acidobacteria
Candidatus Solibacter - - = - 0.59
Actinobacteria
Mpycobacterium 0.57 - 0.53 - -
Streptomyces 0.78 - - - -
Bacteroidetes
Flavobacterium 0.57 - - - -
Chloroflexi
Anaerolinea 1.08 0.88 1.88 1.89 1.48
Firmicutes
Bacillus 0.71 0.65 1.59 0.68 1.7
Turicibacter - - 0.51 - -
Clostridium - - 0.5 - 0.89
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Table 2 (continued)
Sedimentibacter 0.54 1.38 1.1 0.79 4
Desulfotomaculum - - - - 1.96
Desulfurispora - - 0.74 - 1.87
Sporotomaculum - 0.61 0.59 - 1.87
Alphaproteobacteria
Ochrobactrum 1.90 1.4 2.09 1.82 3.52
Betaproteobacteria
Polaromonas 0.62 - - - -
Thiobacillus 7.38 1.46 1.97 2.06 1.02
Methylotenera 1.52 - - - -
Gammaproteobacteria
Acinetobacter 1.49 1.38 1.78 1.34 5.78
Arenimonas 2.10 0.51 1.01 0.7 0.74
Luteimonas 0.62 - 0.7 - -
Lysobacter 0.70 - 0.77 - 0.56
Pseudoxanthomonas 4.28 3.04 10 2.76 3.81
Thermomonas 2.73 1.38 3.06 1.43 1.77

Uppercase letters refer to treatment, and digits indicate sampling date. Sample ACO represents the composite sample from the microcosms with
treatments A and C on day 0, while sample DFO0 represents the composite sample from the microcosms with treatments D and F on day 0. Treatment A,
sediment+20 mmol L™ NaNOs; treatment C, sediment+50 mg kg71 BPA+20 mmol L' NaNOj; treatment D, sediment+20 mmol L' Na,SOy;

and treatment F, sediment+50 mg kg~' BPA+20 mmol L' Na,SO,
#Less than 0.5 %

which suggested a profound shift in the structures of
sediment bacterial communities in both of the two micro-
cosms during the incubation period. Sample C120 were
distantly separated from sample C75 and more distantly
from the cluster of samples A75 and A120. This sug-
gested that BPA biodegradation coupled with nitrate-
reducing condition had a strong impact on sediment bac-
terial community structure.

A large variation in the proportions of bacterial phyla was
found in the microcosms with treatments D and F (Fig. 2b). A
remarkable decrease in the proteobacterial proportion was
found in either of the two anaerobic microcosms. At days 75
and 120, the proportion of Gammaproteobacteria in all the
microcosm samples was higher than those of the other
proteobacterial classes (Fig. 3b). Bacteroidetes was the largest
phylum group in samples D75 and D120, while it became
much less abundant in samples F75 and F120. Firmicutes
showed a slight increase in the microcosm with treatment D,
while it experienced a remarkable increase in the microcosm
with treatment F. After 120-day incubation, the proportion of
Chloroflexi showed a slight increase in either of the two
anaerobic microcosms, while the proportion of Actinobacteria
decreased. Moreover, WPGMA clustering indicated that sam-
ples DF0, F75, and F120 were grouped together, while they
were distantly separated from the cluster of samples D75 and
D120 (Fig. 4b). This result showed that sediment bacterial
community structure greatly changed in the BPA unamended
microcosm with incubation time, while BPA biodegradation
coupled with sulfate reduction had a relatively weak impact on
sediment bacterial community structure.

There were 23 frequently detected genera in the microcosm
samples with treatments A and C (Table 2a). Ochrobactrum,
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Thiobacillus, Pseudoxanthomonas, and Thermomonas were
the predominant genus groups in all of the microcosm
samples.

The evident variation in bacterial community structures
among different sediment samples was also found at genus
level. In addition, a total of 22 frequently detected genera
were found in the microcosm samples with treatments D
and F, with an evident variation in genus members and
their proportions (Table 2b). Ochrobactrum, Thiobacillus,
Acinetobacter, Pseudoxanthomonas, and Thermomonas
showed the predominance in all of the samples.

Discussion

BPA-degrading microorganisms ubiquitously exist in aquatic
ecosystems, and BPA can be rapidly biodegraded in river
waters [13, 17, 18]. Moreover, several previous studies also
showed the rapid BPA biodegradation in river sediment.
Chang et al. reported that the residual BPA rate in river
sediment (amended with 250 mg kg ') was 3.5-21.9 % after
5 days of aerobic incubation [7]. Our previous study found
that a nearly complete removal of BPA (more than 95 %)
occurred in aerobic river sediment microcosms (amended with
180 or 450 mg kg ') after 3—4 days of incubation [40]. Two
previous studies showed the occurrence of effective BPA
biodegradation during anaerobic sewage sludge digestion
[27], and by activated sludge under anaerobic conditions
[37], while no BPA loss was found in sediment ecosystems
under anaerobic conditions even after a long incubation
(140 or 162 days) [7, 32]. However, in this study, after
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120-day incubation, a nearly complete removal of BPA (93
or 89 %) occurred in the river sediment microcosms under
either nitrate- or sulfate-reducing conditions. The present
study provided the first evidence for BPA biodegradation in
river sediment under anaerobic conditions. However, anaer-
obic dissipation of bisphenol A without nitrate or sulfate
amendment was frustrated. In addition, there was no time
lag in the anaerobic BPA degradation under either nitrate- or
sulfate-reducing conditions. In this study, the river sediment for
anaerobic biodegradation tests was collected from a polluted
river receiving the discharge from municipal wastewater treat-
ment plant. Therefore, the sediment autochthonous microbial
community had been acclimatized to BPA pollution, and a
number of BPA-degrading microorganisms could present
(see below). This might account for the quick attenuation
of BPA under nitrate- or sulfate-reducing conditions.

To date, information on the phylogenetic composition of
aerobic BPA-degrading sediment microbial community is still
very limited. Chang et al. suggested that Pseudomonas may be
the dominant bacteria in the degradation process of BPA in river
sediment [5]. Our previous study indicated that Proteobacteria
(mainly Gammaproteobacteria and Alphaproteobacteria) pre-
dominated in BPA-degrading sediment microcosm and further
illustrated a shift in bacterial community structure and a loss of
bacterial diversity with aerobic BPA biodegradation [40]. High-
throughput sequencing, especially using the recently developed
[llumina MiSeq platform, can yield detailed information on
microbial community with greater throughput and less cost
[2]. It has been successfully applied to detect microbial com-
munity involved in pollutant-biodegrading process [14, 22, 30].
In this study, Illumina MiSeq sequencing analysis was also
applied to characterize BPA-degrading sediment bacterial com-
munities. Under nitrate- and sulfate-reducing conditions, the
BPA-degrading sediment bacterial communities were mainly
composed of Proteobacteria, Bacteroidetes, Chloroflexi,
Firmicutes, Gemmatimonadetes, and Actinobacteria. However,
the proportions of these major phylum groups varied with BPA
biodegradation. Moreover, the results of WPGMA clustering
also illustrated a shift in bacterial community structure with
anaerobic BPA biodegradation.

Based on clone library analysis, our previous study found
that microorganisms from several bacterial genera were
remarkably enriched with aerobic BPA biodegradation
and they might be involved in BPA attenuation in river
sediment [40]. In this study, the relative abundance of
several bacterial genera (Candidatus Solibacter, Bacillus,
Clostridium, Sedimentibacter, Desulfotomaculum,
Desulfurispora, and Acinetobacter) obtained a remarkable
increase after 120-day incubation under sulfate-reducing
condition. Members of genus Bacillus are known for their
ability to degrade BPA under both aerobic and anaerobic
conditions [16, 21, 24]. Clostridium species have been
linked to the anaerobic biodegradation of toluene [39],

and phenanthrene and pyrene [4]. Acinetobacter species
can transform pyrene [41] and phenol [25]. Moreover,
members of genera Desulfotomaculum and Desulfurispora
are known as sulfate-reducing bacteria [3, 15, 38]. There-
fore, the roles of these microorganisms in biodegrading
aromatic compounds or sulfate reduction suggested that
they might be involved in biodegradation of BPA in river
sediment. The presence of a variety of potential BPA-
degrading organisms might account for the quick attenua-
tion of BPA under anaerobic conditions. However, no
bacterial species from any known genus was found to be
enriched with BPA biodegradation under nitrate-reducing
condition. This suggested that there might be novel mi-
croorganisms associated with BPA biodegradation under
nitrate-reducing condition.

Conclusions

A high level of BPA could be biodegraded in sediment
microcosm under both nitrate- and sulfate-reducing condi-
tions. Bacterial community structure could vary with BPA
biodegradation. A variety of bacterial species might have
links with sulfate-reducing BPA degradation in river sed-
iment. However, further study is necessary in order to
elucidate the links between sediment bacterial community
and BPA biodegradation.
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