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Abstract

Gibberellin wastewater cannot be directly discharged without treatment due to its high con-
centrations of sulfate and organic compounds and strong acidity. Therefore, multi-stage
anaerobic bioreactor + micro-aerobic+ anoxic/aeration (A/O) + biological contact oxidation
combined processes are used to treat gibberellin wastewater. However, knowledge of the
treatment effects of the A/O process and bacterial community structure in the aeration tank
reactors of such systems is sparse. Therefore, this study was conducted to investigate the
treatment effects and operation of the A/O process on gibberellin wastewater, as well as
changes in the bacterial community structure of activated sludge in the aeration tank during
treatment. Moreover, removal was examined based on evaluation of effluent after A/O treat-
ment. Although influent chemical oxygen demand (COD), NH3-N and total phosphorus (TP)
fluctuated, effluent COD, NHs-N and TP remained stable. Moreover, average COD, NH3-N
and TP removal efficiency were 68.41%, 93.67% and 45.82%, respectively, during the A/O
process. At the phylum level, Proteobacteria was the dominant phylum in all samples, fol-
lowed by Chloroflexi, Bacteroidetes and Actinobacteria. Proteobacteria played an important
role in the removal of organic matter. Chloroflexi was found to be responsible for the degra-
dation of carbohydrates and Bacteroidetes also had been found to be responsible for the
degradation of complex organic matters. Actinobacteria are able to degrade a variety of
environmental chemicals. Additionally, Anaerolineaceae_uncultured was the major genus
in samples collected on May 25, 2015, while Novosphingobium and Nitrospira were domi-
nant in most samples. Nitrosomonas are regarded as the dominant ammonia-oxidizing bac-
teria, while Nitrospira are the main nitrite-oxidizing bacteria. Bacterial community structure
varied considerably with time, and a partial Mantel test showed a highly significant positive
correlation between bacterial community structure and DO. The bacterial community struc-
ture was also positively correlated with temperature and SO,2".
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Introduction

Plant hormones are essential intrinsic regulators of plant development and growth [1]. Gibber-
ellins not only promote internode elongation and cambial activity of stems [2], but also partici-
pate in the regulation of plant growth and development [3], including seed germination, stem
elongation, flowering development, fruit growth, and root development. Gibberellin wastewa-
ter is generated by biological fermentation processes. The raw materials and methods for pro-
duction of gibberellin result in gibberellin wastewater containing high concentrations of
sulfate, organic compounds, and NH;-N, as well as strong acidity. These features make waste-
water difficult to treat; therefore, a highly efficient treatment is required before discharge to
prevent pollution. Fig 1 shows the production process of gibberellin.

High concentrations of sulfate have been found to have an inhibitory effect on microorgan-
isms during biological treatment [4]. Nevertheless, Li. et al. [5] investigated the treatment of
chemical synthesis-based pharmaceutical wastewater containing rich organic sulfur com-
pounds and sulfate using an Upflow Anaerobic Sludge Blanket (UASB) reactor. They found
that this method removed a considerable amount of COD and sulfate. The anaerobic/oxic (A/
O) process is consists of a sequential anaerobic and aerobic stage for the biological phosphorus
removal [6]. The A/O process has been widely used for sewage treatment in both urban and
rural areas and is favored for its high efficiency and low energy consumption [7]. In this study,
the concentrations of organic materials and sulfate were both high, and the composition of
wastewater was very complex. The process for treatment of gibberellin production wastewater
with a multi-stage anaerobic bioreactor combined with micro oxygen, A/O, and contact oxida-
tion was established herein, while also applying chemical dosing to reduce the sulfate.

The specific purpose of this study was to investigate the impacts and operational conditions
of the A/O process when applied for nutrient removal from gibberellin wastewater and to
investigate changes in the bacterial community structure and diversity in activated sludge dur-
ing treatment. The results demonstrated stability and effectiveness of the A/O process based
on eight months of observation. Moreover, the bacterial community diversity in activated
sludge was studied by Illumina MiSeq sequencing.

Materials and methods
Ethics statement

Permission for the samples was granted by the Jiangxi Ruifeng Biochemical Co. Ltd. (Jiangxi,
China). The field studies also did not involve endangered or protected species.

Raw water

The wastewater was obtained from a biochemical company located in Jiangxi province, China
(115.478584°E, 27.900485°N). This company can produce 110 tons of gibberellin per year,
accounting for more than 39% of the world’s total gibberellin production. The gibberellin
wastewater consists of three parts: raffinate wastewater, high concentration wastewater and
comprehensive wastewater. In addition, the gibberellin wastewater contained high concentra-
tions of sulfate and organic compounds, as well as strong acidity. The quality of gibberellin
wastewater was shown in Table 1.

Start-up and operation of A/O system

The A/O system could remove most of the NH;-N and a portion of the organics. The volume
of A/O system was 2200m” and the hydraulic retention time was 26.52h. The inoculum of in
the A/O system is activated sludge and it was obtained from a previous company which
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Fig 1. The production process of gibberellin.

https://doi.org/10.1371/journal.pone.0186743.9001

produces gibberellin. The quantity of the sludge inoculation was 30 t. In the preliminary stage
of the setup, the A/O system took in water once a day in the first day and the COD was kept at
about 300 mg/L. The influent was stopped over the next two days and the A/O system stopped
taking in water and kept on aeration. After the third day, the A/O system took in water twice a
day. After operation for 15 days, the reactor was operated with continuous influent at half of
the design flow. Additionally, the COD of the influent was strengthened during this time.
After 25 days, there were large amounts of Vorticella sp. and rotifers in the reactor. The
removal of COD and NH;-N was relatively high and the quality of the effluent was good. At
this time, the influent COD was equal to the design loading of COD. After 30 days, the sludge
became brown owing to flocculation, indicating successful reactor setup and good sludge
activity. After setup, the reactor was used to treat the wastewater. During the setup period, the
aerobic tank must remain aerated, and the dissolved oxygen should be maintained at 3 mg/L,
while the pH was kept at about 6.5 to 8. Additionally, the pH of the anaerobic tank was main-
tained at 6 to 8 and the DO was less than 0.8 mg/L. Finally, KH,PO, was added to the wastewa-
ter to maintain a COD:N:P ratio of 100:5:1. Fig 2 shows a schematic diagram of the treatment
system.

Microbial diversity analysis

Sample collection. A total of 12 samples were collected from the aeration tank. Samples
were collected per half a month. Each sample was dispensed into a 1.5 mL sterile Eppendorf
tube and centrifuged at 14,000xg for 10 min. The supernatant was decanted, and the pellets
were stored at -20°C prior to analysis. For all samples, the sample numbers begin with the sam-

ple date.
Table 1. Quality of gibberellin wastewater.
Wastewater coD S0, NH-N pH
(mglL) (mglL) (mglL)

Raffinate wastewater 40000 30000 170 2-3

High concentration wastewater 4800 1000 100 4-5

Comprehensive wastewater Acid and alkali production wastewater 3000 100 e 5-6
Low concentration wastewater 350 — e 6.5-7.5

Domestic sewage 250 —_— 35 7-7.5

https://doi.org/10.1371/journal.pone.0186743.t001
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DNA extraction and PCR amplification. Microbial DNA was extracted from samples
using an E.Z.N.A." activated sludge DNA Kit (Omega Bio-tek, Norcross, GA, USA) according
to the manufacturer’s protocols. The V4-V5 region of the bacterial 16S ribosomal RNA gene
was amplified by PCR (95°C for 2 min, followed by 25 cycles at 95°C for 30 s, 55°C for 30 s, and
72°C for 30 s and then final extension at 72°C for 5 min) using primers 515F 5'-barcode-
GTGCCAGCMGCCGCGG-3 and 907R 5'~CCGTCAATTCMTTTRAGTTT -3/, which contained
an eight-base sequence barcode unique to each sample. PCR reactions were performed in tripli-
cate 20 uL mixtures containing 4 uL of 5 x FastPfu Buffer, 2 uL of 2.5 mM dNTPs, 0.8 pL of
each primer (5 uM), 0.4 L of FastPfu Polymerase, and 10 ng of template DNA.

Illumina MiSeq sequencing. Amplicons were extracted from 2% agarose gels and purified
using the AxyPrep DNA Gel Extraction Kit (Axygen Biosciences, Union City, CA, USA) according
to the manufacturer’s instructions, then quantified using QuantiFluor™-ST (Promega, Madison,
WI, USA). Purified amplicons were pooled in equimolar amounts and paired-end sequenced
(2 x 250) on an Ilumina MiSeq platform according to the standard protocols. The raw reads were
deposited into the NCBI Sequence Read Archive (SRA) database (Accession Number: SRP077353).

Processing of sequencing data. Raw fastq files were demultiplexed, then quality-filtered
using QIIME (version 1.17) with the following criteria: (i) 300 bp reads were truncated at any
site receiving an average quality score <20 over a 50 bp sliding window, discarding truncated
reads that were shorter than 50 bp. (ii) Exact barcode matching, any sequences with two nucle-
otide mismatches upon primer matching or reads containing ambiguous characters were
removed. (iii) Only sequences that overlapped by more than 10 bp were assembled according
to their overlap sequence. Reads that could not be assembled were discarded.

Operational units (OTUs) were clustered with a 97% similarity cutoff using UPARSE (ver-
sion 7.1 http://drive5.com/uparse/) and chimeric sequences were identified and removed
using UCHIME. The taxonomy of each 16S rRNA gene sequence was analyzed by the RDP
Classifier (http://rdp.cme.msu.edu/) against the silva (SSU115) 16S rRNA database using a
confidence threshold of 70% [8].

Statistical analysis

The Shannon-Wiener index was used to assess bacterial diversity. Principal component analy-
sis (PCA) was conducted to examine variations among bacterial communities of these thirty-
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Fig 3. Removal of COD by A/O processes.
https://doi.org/10.1371/journal.pone.0186743.9003

six samples. Canonical correspondence analysis (CCA) was used to illustrate relationship
among operational conditions and bacterial community. Statistical analyses were performed
using a VEGAN package in R (v.2.15.1; http://www.r-project.org/) and CCA was performed
by Canoco for Windows 4.5.

Results and discussion

Effect of combined A/O process on nutrient removal from gibberellin
wastewater

As shown in Fig 3, the influent COD concentrations fluctuated between 346 and 772 mg/L,
with the lowest concentration (346 mg/L) being observed at 29 days and 121 days. Moreover,
the highest influent COD concentration of 772 mg/L was observed at 53 days. The effluent
COD concentrations fluctuated between 50.29 and 76.45. Taken together, these results indicate
that removal efficiency changed with influent COD concentration. Moreover, the average
COD removal efficiency was 68.41%.

As shown in Fig 4, the influent NH3-N concentrations fluctuated between 17.87 and 72.50
mg/L, with 17.87 being observed on days 33 and 81 and 72.50 being observed at 149 days.
However, the effluent NH;-N concentration remained relatively stable, and the NH;-N
removal efficiency was around 93.67%.

As shown in Fig 5, the concentration of effluent SO,> was higher than that of influent
SO,4, possibly because some of the SO, had transformed into H,S, and some of the H,S had
transformed into SO4>” in the A/O system.

As shown in Fig 6, the influent TP concentrations fluctuated between 0.747 and 1.158 mg/
L, while the effluent TP concentrations fluctuated between 0.428 and 0.604 mg/L. Moreover,
the average TP removal efficiency was 45.82%.

These results show that A/O processes had good effects on gibberellin wastewater. More-
over, this method could remove most of the COD, NH;3-N and TP with removal efficiencies of
68.41%, 93.67% and 45.82%, respectively.

lllumina MiSeq sequencing results and microbial community structure

As shown in Table 2, there were 18,563 effective reads for 12 activated sludge samples. On
average, the samples had 955.9 OTUs. The diversity of the bacterial community was
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Fig 4. Removal of NH;-N by A/O processes.
https://doi.org/10.1371/journal.pone.0186743.g004

determined based on the Shannon-Wiener index, which ranged from 4.81 to 5.43 (aver-
age = 5.18) [9]. These values are typical for diverse microbial populations without a few
strongly dominant taxa [10].

As show in Fig 7, Proteobacteria was the dominant phylum in all samples, accounting for
27.19%-61.33% of the total effective bacterial sequences. These findings are concordant with
those of our previous study, which showed that Proteobacteria was the dominant community
member [11-15]. Evidence by Miura et al. [16] has shown that Proteobacteria was considered
to be the most dominant phylum in MBR that played an important role in the removal of
organic matter. The abundance of Proteobacteria obviously increased with operation of the
aeration tank. Other dominant phyla included Chloroflexi (4.09%-34.25%), Bacteroidetes
(1.56%-21.35%) and Actinobacteria (1.90%-19.37%). Chloroflexi has been detected as the pre-
dominant bacteria in anaerobic bioreactors and found to be responsible for the degradation of
carbohydrates [17]. Chloroflexi also showed a great decrease with increased running time. Sim-
ilar results were observed in previous studies that showed Bacteroidetes was the dominant
community [18-21]. The anaerobes Bacteroidetes play an important role in the fermentation
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Fig 5. Removal of SO,> by A/O processes.
https://doi.org/10.1371/journal.pone.0186743.g005
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Table 2. Diversity indices from 12 samples.

Samples
20150525
20150605
20150625
20150729
20150813
20150828
20150909
20150925
20151015
20151117
20151120
20151205
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Fig 6. Removal of TP by A/O processes.
https://doi.org/10.1371/journal.pone.0186743.g006

system to break down macromolecules such as protein, starch, cellulose and fiber [22]. Bacter-
oidetes also had been found to be responsible for the degradation of complex organic matters
[23]. The relative abundance of Bacteroidetes decreased greatly at first, then increased to a rela-
tively high abundance in sample collected on August 13, 2015, then finally stabilized. Actino-
bacteria play an important ecological role in recycling substances in natural ecosystems and
are able to degrade a variety of environmental chemicals [24-26]. Actinobacteria was also the
main phyla in a study conducted by Chen et al. [27]. The abundances of the dominant phyla
were also different between samples. For example the abundance of Chloroflexi in sample col-
lected on May 25 was significantly higher than that of other samples. Planctomycetes was the
dominant route for ammonia removal in UASB reactor [28]. The relative abundance of ana-
mmox bacteria Planctomycetes increased with operation of the aeration tank and became one
of the major phyla. Huang et al. [29] found that Planctomycetes was the major phylum in soil
samples. Across different activated sludge samples, the relative abundances of some bacterial
phyla, such as Nitrospirae and Chlamydiae, varied significantly. For instance, the relative abun-
dance of the phylum Nitrospirae in sample collected on November 17, 2015 was significantly
higher than in other samples. In contrast, the relative abundance of Firmicutes did not change

Sequences OTUs Shannon-Wiener
18563 824 4.81
18563 833 5.07
18563 813 4.93
18563 884 5.00
18563 1006 5.42
18563 954 5.28
18563 890 5.06
18563 968 5.31
18563 974 5.17
18563 1118 5.43
18563 1093 5.33
18563 1114 5.4
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significantly throughout the experimental period. Moreover, Firmicutes and Gemmatimona-
detes have lower abundance in all activated sludge samples. This finding differed from those of
previous studies, which showed Firmicutes and Gemmatimonadetes were the dominant phyla
[30-32]. Cyanobacteria was a rare group in this study. Most Cyanobacteria can produce extra-
cellular polymeric substances, mainly polysaccharide, which could adsorb heavy metals dis-
persed in the environment [33,34]. Planctomycetes and Nitrospirae increased greatly with
operation time. Proteobacteria, Chloroflexi, Bacteroidetes and Actinobacteria are predominant
phyla in the activated sludge.

The distribution of sequences at the genus level in each sample is shown in Fig 8. The top
10 genera of each sample were selected, while all remaining genera were categorized as
“other.” Anaerolineaceae_uncultured was the major genus in sample collected on May 25,
2015, while Novosphingobium and Nitrospira were dominant in most samples, especially
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Fig 8. Taxonomic compositions of bacterial communities at the genus level in each sample retrieved from lllumina
MiSeq pyrosequencing.

https://doi.org/10.1371/journal.pone.0186743.g008
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Fig 9. Heat map of top 10 genera in each sample. A total of 47 genera were selected from 12 samples. The
color intensity in each panel shows the percentage of a genus in a sample based on the color key at the
bottom of the figure.

https://doi.org/10.1371/journal.pone.0186743.9009

during the latter portion of the experiment. These findings are consistent with those of previ-
ous studies that showed Nitrospira was the major phylum in the recirculating aquaculture sys-
tem [35]. Nitrosomonas could be a minor component in activated sludge samples.
Nitrosomonas are regarded as the dominant ammonia-oxidizing bacteria, while Nitrospira

are the main nitrite-oxidizing bacteria in wastewater treatment plants [36]. The bacterial com-
munity composition showed little difference as the operating time increased in this study.
Anaerolineaceae_uncultured and Ottowia decreased significantly as operating time increased.
Coxiellaceae_uncultured was undetected in most samples. Mycobacterium was a minor compo-
nent in most activated sludge samples, which was much different from the results of a previous
study [37]. Some species of Blastocatella are aerobic, chemoorganotrophic organisms with a
strictly respiratory type of metabolism [38]. The sulphur oxidizing bacteria genus Thiothrix,
which increased significantly during the operation period, has also been found in aerobic gran-
ules incubated in brewery wastewater [39]. The relative abundance of Caldilineaceae_uncul-
tured, Saprospiraceae_un cultured and Anaerolineaceae_uncultured decreased significantly as
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Fig 10. Multiple samples similarity tree.
https://doi.org/10.1371/journal.pone.0186743.9010

operation time increased, while Nitrospira increased greatly with increased operation time.
OM190_norank did not change significantly in the first 8 samples, while it increased after
October 15, 2015.

The 10 most abundant genera in each sample were selected (a total of 47 genera for all 12
samples), and their abundances were compared with those in other samples (Fig 9). The bacte-
rial population at the genus level differed significantly among samples from different time points.
Most genera comprised a low proportion of the activated sludge samples. However, Anaerolinea-
ceae_unclassified and Anaerolineaceae_uncultured were found in relatively high abundance in
sample collected on May 25, 2015. Moreover, Caldilineaceae_uncultured had higher relative abun-
dance in samples collected on May 25 and June 5, 2015. Saprospiraceae_uncultured had higher
abundance in sample 20150525 than in other samples. OM190_norank was more abundant in
samples collected on November 17 and 20 and December 12, 2015. In addition, OM190_norank
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Fig 11. Principal component analysis (PCA) of bacterial communities from samples based on sequencing of lllumina

MiSeq.

https://doi.org/10.1371/journal.pone.0186743.9g011

clearly increased over the eight-month experimental period. JG30-KF-CM45_norank was abun-
dant in samples collected on June 25 and July 29, 2015. Nitrospira had relatively high abundance
in most samples. The relative abundance of PHOS-HE51_norank on June 5, 2015 was higher than
that of other samples. Saccharibacteria_norank showed high relative abundance on June 5 and

July 29, 2015.

Multiple samples similarity tree analysis was used to identify similarities and differences
among the 12 bacterial community structures (Fig 10). Overall, samples collected from May,
June and July formed one cluster, while those from August, September, October, November
and December formed another cluster. The samples which were clustered together also
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Fig 12. Correspondence canonical analysis (CCA) diagrams with bacterial community structure and
operational conditions. (a) at phylum level (b) at genus level.

https://doi.org/10.1371/journal.pone.0186743.9012

indicated a more similar community structure between these samples. Additionally, the two
clusters were well separated from each other, suggesting clear distinctions in the bacterial com-
munity structure of the two clusters.

Principal component analysis (PCA) was conducted using high-throughput sequencing
data to further corroborate the results of DNA fingerprinting [21] (Fig 11). The first axis
explained 28.05% of the cumulative variance of species, while the second axis explained
19.99%. Samples collected on August 13 and 28, 2015 were closely related to sample collected
on September 9, 2015, while sample collected on September 25 were closely related to sample
collected on October 15 and those obtained on November 17, November 20 and December 15
clustered together.
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A canonical correspondence analysis (CCA) was used to illustrate relationship among oper-
ational conditions (S1 Table) and bacterial community (Fig 12). Based on the length of con-
necting wire, temperature, DO, pH and SO,>” were found to be significantly correlated with
the observed microbial composition both in phylum and genus level. In phylum level, Proteo-
bacteria was positively correlated with DO and pH, and negatively with temperature. Phylum
Planctomycetes, Nitrospirae. Firmicute and Gemmatimonadetes positively correlated with DO
and pH, and SO,> and negatively with temperature. Chloroflexi positively correlated with tem-
perature, and negatively with SO,*,pH and DO. Bacteroidetes positively correlated with pH,
and negatively with DO and SO, Actinobacteria positively correlated with temperature and
SO,”, and negatively with pH. Besides, Chlamydiae positively correlated with temperature,
SO, and DO, and negatively with pH. As shown in Fig 12B, the abundance of Nitrospira (G1)
positively correlated with pH and DO, and negatively with SO,* and temperature. The corre-
lation of Caldilineaceae_uncultured (G2) was similar to Saccharibacteria_norank (G3) and
PHOS-HES51_norank (G28),with positive correlation with temperature and SO,>", and negative
correlation with pH and DO. Abundance of JG30-KF-CM45_norank (G11) positively corre-
lated with temperature,SO,>” and DO, and negatively with pH, while abundance of Thiothrix
(G17) had the opposite result. Genus Novosphingobium (G4) positively correlated with DO
and SO,%". Genus Anaerolineaceae_uncultured (G5) positively correlated with temperature,
and negatively with SO4>,pH and DO. The correlation of genus OM190_norank (G8) and
Saprospiraceae_uncultured (G9) was similar, with positive correlation with pH, and negative
correlation with temperature. Besides, Saprospiraceae_uncultured (G9) and Anaerolinea-
ceae_unclassified (G41) also negatively with SO,*” and DO.

Conclusion

The combined processes of multi-stage anaerobic bioreactor + micro-aerobic + anoxic/aera-
tion + biological contact oxidation were used to treat gibberellin wastewater. The A/O process
led to good removal of COD, NH;-N and TP. Proteobacteria was the dominant phylum in all
samples, followed by Chloroflexi, Bacteroidetes and Actinobacteria. Novosphingobium and
Nitrospira were dominant genus in most samples. Illumina MiSeq sequencing showed that
bacterial community structure and diversity changed with DO, temperature and SO,>".

Supporting information

S1 Table. Operational conditions in 12 samples.
(PDF)

Author Contributions

Conceptualization: Erming Ouyang, Xiaohui Wang.
Data curation: Jiating Ouyang, Lele Wang.
Investigation: Xiaohui Wang.

Project administration: Erming Ouyang.

Software: Jiating Ouyang.

Supervision: Xiaohui Wang.

Writing - original draft: Erming Ouyang, Yao Lu.

Writing - review & editing: Yao Lu.

PLOS ONE | https://doi.org/10.1371/journal.pone.0186743 October 20, 2017 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0186743.s001
https://doi.org/10.1371/journal.pone.0186743

@° PLOS | ONE

Bacterial communities in A/O system of a combined system

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Santner A, Calderon-Villalobos LIA, Estelle M (2009) Plant hormones are versatile chemical regulators
of plant growth. Nature Chemical Biology 5: 301-307. https://doi.org/10.1038/nchembio.165 PMID:
19377456

Dayan J, Voronin N, Gong F, Sun TP, Hedden P, Fromm H, et al. (2012) Leaf-Induced Gibberellin Sig-
naling Is Essential for Internode Elongation, Cambial Activity, and Fiber Differentiation in Tobacco
Stems. Plant Cell 24: 66-79. https://doi.org/10.1105/tpc.111.093096 PMID: 22253226

Swain SM, Singh DP (2005) Tall tales from sly dwarves: novel functions of gibberellins in plant develop-
ment. Trends In Plant Science 10: 123—129. https://doi.org/10.1016/j.tplants.2005.01.007 PMID:
15749470

Weijma J, Bots EAA, Tandlinger G, Stams AJM, Pol LWH, Lettinga G (2002) Optimisation of sulphate
reduction in a methanol-fed thermophilic bioreactor. Water Research 36: 1825—-1833. PMID: 12044082

Li WC, Niu QG, Zhang H, Tian Z, Zhang Y, Gao YX, et al. (2015) UASB treatment of chemical synthe-
sis-based pharmaceutical wastewater containing rich organic sulfur compounds and sulfate and associ-
ated microbial characteristics. Chemical Engineering Journal 260: 55-63.

Gao DW, Li Z, Guan JX, Li YF, Ren NQ (2014) Removal of surfactants nonylphenol ethoxylates from
municipal sewage-comparison of an A/O process and biological aerated filters. Chemosphere 97: 130—
134. https://doi.org/10.1016/j.chemosphere.2013.10.083 PMID: 24268176

Farabegoli G, Chiavola A, Rolle E (2009) The Biological Aerated Filter (BAF) as alternative treatment
for domestic sewage. Optimization of plant performance. Journal Of Hazardous Materials 171: 1126—
1132. https:/doi.org/10.1016/j.jhazmat.2009.06.128 PMID: 19631453

Amato KR, Yeoman CJ, Kent A, Righini N, Carbonero F, Estrada A, et al. (2013) Habitat degradation
impacts black howler monkey (Alouatta pigra) gastrointestinal microbiomes. Isme Journal 7: 1344—
1353. https://doi.org/10.1038/isme;j.2013.16 PMID: 23486247

Ying YL, Lv ZM, Min H, Cheng J (2008) Dynamic changes of microbial community diversity in a photo-
hydrogen producing reactor monitored by PCR-DGGE. Journal Of Environmental Sciences 20: 1118—
1125.

Xia SQ, Duan LA, Song YH, Li JX, Piceno YM, Andersen GL, et al. (2010) Bacterial Community Struc-
ture in Geographically Distributed Biological Wastewater Treatment Reactors. Environmental Science
& Technology 44:7391-7396.

Roesch LF, Fulthorpe RR, Riva A, Casella G, Hadwin AKM, Kent AD, et al. (2007) Pyrosequencing enu-
merates and contrasts soil microbial diversity. Isme Journal 1: 283-290. https://doi.org/10.1038/ismej.
2007.53 PMID: 18043639

Wang Y, Sheng HF, He Y, Wu JY, Jiang YX, Tam NFY, et al. (2012) Comparison of the Levels of Bacte-
rial Diversity in Freshwater, Intertidal Wetland, and Marine Sediments by Using Millions of lllumina
Tags. Applied And Environmental Microbiology 78: 8264—8271. https://doi.org/10.1128/AEM.01821-12
PMID: 23001654

Collado N, Buttiglieri G, Marti E, Ferrando-Climent L, Rodriguez-Mozaz S, Barcelo D, et al. (2013)
Effects on activated sludge bacterial community exposed to sulfamethoxazole. Chemosphere 93: 99—
106. https://doi.org/10.1016/j.chemosphere.2013.04.094 PMID: 23726012

Kwon S, Kim TS, Yu GH, Jung JH, Park HD (2010) Bacterial Community Composition and Diversity of a
Full-Scale Integrated Fixed-Film Activated Sludge System as Investigated by Pyrosequencing. Journal
Of Microbiology And Biotechnology 20: 1717-1723. PMID: 21193829

Li B, Zhang XX, Guo F, Wu WM, Zhang T (2013) Characterization of tetracycline resistant bacterial
community in saline activated sludge using batch stress incubation with high-throughput sequencing
analysis. Water Research 47: 4207—4216. https://doi.org/10.1016/j.watres.2013.04.021 PMID:
23764571

Miura Y, Hiraiwa MN, Ito T, ltonaga T, Watanabe Y, et al. (2007) Bacterial community structures in
MBRs treating municipal wastewater: Relationship between community stability and reactor perfor-
mance. Water Research 41: 627-637. https://doi.org/10.1016/j.watres.2006.11.005 PMID: 17184810

Xie ZF, Wang ZW, Wang QY, Zhu CW, Wu ZC (2014) An anaerobic dynamic membrane bioreactor
(AnDMBR) for landfill leachate treatment: Performance and microbial community identification. Biore-
source Technology 161: 29-39. https://doi.org/10.1016/j.biortech.2014.03.014 PMID: 24681530

Zhang Y, Wang X, Hu M, Li PF (2015) Effect of hydraulic retention time (HRT) on the biodegradation of
trichloroethylene wastewater and anaerobic bacterial community in the UASB reactor. Applied Microbi-
ology And Biotechnology 99: 1977-1987. https://doi.org/10.1007/s00253-014-6096-6 PMID: 25277413

Wang Z, Yang YY, Dai Y, Xie SG (2015) Anaerobic biodegradation of nonylphenol in river sediment
under nitrate- or sulfate-reducing conditions and associated bacterial community. Journal Of Hazardous
Materials 286: 306—-314. https://doi.org/10.1016/j.jhazmat.2014.12.057 PMID: 25590825

PLOS ONE | https://doi.org/10.1371/journal.pone.0186743 October 20, 2017 14/15


https://doi.org/10.1038/nchembio.165
http://www.ncbi.nlm.nih.gov/pubmed/19377456
https://doi.org/10.1105/tpc.111.093096
http://www.ncbi.nlm.nih.gov/pubmed/22253226
https://doi.org/10.1016/j.tplants.2005.01.007
http://www.ncbi.nlm.nih.gov/pubmed/15749470
http://www.ncbi.nlm.nih.gov/pubmed/12044082
https://doi.org/10.1016/j.chemosphere.2013.10.083
http://www.ncbi.nlm.nih.gov/pubmed/24268176
https://doi.org/10.1016/j.jhazmat.2009.06.128
http://www.ncbi.nlm.nih.gov/pubmed/19631453
https://doi.org/10.1038/ismej.2013.16
http://www.ncbi.nlm.nih.gov/pubmed/23486247
https://doi.org/10.1038/ismej.2007.53
https://doi.org/10.1038/ismej.2007.53
http://www.ncbi.nlm.nih.gov/pubmed/18043639
https://doi.org/10.1128/AEM.01821-12
http://www.ncbi.nlm.nih.gov/pubmed/23001654
https://doi.org/10.1016/j.chemosphere.2013.04.094
http://www.ncbi.nlm.nih.gov/pubmed/23726012
http://www.ncbi.nlm.nih.gov/pubmed/21193829
https://doi.org/10.1016/j.watres.2013.04.021
http://www.ncbi.nlm.nih.gov/pubmed/23764571
https://doi.org/10.1016/j.watres.2006.11.005
http://www.ncbi.nlm.nih.gov/pubmed/17184810
https://doi.org/10.1016/j.biortech.2014.03.014
http://www.ncbi.nlm.nih.gov/pubmed/24681530
https://doi.org/10.1007/s00253-014-6096-6
http://www.ncbi.nlm.nih.gov/pubmed/25277413
https://doi.org/10.1016/j.jhazmat.2014.12.057
http://www.ncbi.nlm.nih.gov/pubmed/25590825
https://doi.org/10.1371/journal.pone.0186743

@° PLOS | ONE

Bacterial communities in A/O system of a combined system

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Zhang H, Sun ZL, Liu B, Xuan YM, Jiang M, Pan YS, et al. (2016) Dynamic changes of microbial communi-
ties in Litopenaeus vannamei cultures and the effects of environmental factors. Aquaculture 455: 97—108.

Li YF, Chen YR, Yang JL, Bao WY, Guo XP, Liang X, et al. (2014) Effects of substratum type on bacte-
rial community structure in biofilms in relation to settlement of plantigrades of the mussel Mytilus. Inter-
national Biodeterioration & Biodegradation 96: 41-49.

Yang Q, Xiong PP, Ding PY, Chu LB, Wang JL (2015) Treatment of petrochemical wastewater by
microaerobic hydrolysis and anoxic/oxic processes and analysis of bacterial diversity. Bioresource
Technol 196: 169-175.

Forss J, Pinhassi J, Lindh M, Welander U (2013) Microbial diversity in a continuous system based on
rice husks for biodegradation of the azo dyes Reactive Red 2 and Reactive Black 5. Bioresource Tech-
nol 130: 681-688.

Fuentes S, Mendez V, Aguila P, Seeger M (2014) Bioremediation of petroleum hydrocarbons: catabolic
genes, microbial communities, and applications. Applied Microbiology And Biotechnology 98: 4781—
4794. https://doi.org/10.1007/s00253-014-5684-9 PMID: 24691868

Polti MA, Aparicio JD, Benimeli CS, Amoroso MJ (2014) Simultaneous bioremediation of Cr(VI) and lin-
dane in soil by actinobacteria. International Biodeterioration & Biodegradation 88: 48-55.

Zhou XD, Wang QF, Wang Z, Xie SG (2013) Nitrogen impacts on atrazine-degrading Arthrobacter
strain and bacterial community structure in soil microcosms. Environmental Science And Pollution
Research 20: 2484—2491. https://doi.org/10.1007/s11356-012-1168-6 PMID: 22961491

Chen YH, Dai Y, Wang YL, Wu Z, Xie SG, Liu Y (2016) Distribution of bacterial communities across pla-
teau freshwater lake and upslope soils. Journal Of Environmental Sciences 43: 61-69.

Yangin-Gomec C, Pekyavas G, Sapmaz T, Aydin S, Ince B, et al. (2017) Microbial monitoring of ammo-
nia removal in a UASB reactor treating pre-digested chicken manure with anaerobic granular inoculum.
Bioresource Technol 241: 332-339.

Huang XQ, Liu LL, Wen T, Zhu R, Zhang JB, Cai ZC (2015) lllumina MiSeq investigations on the
changes of microbial community in the Fusarium oxysporum f.sp cubense infected soil during and after
reductive soil disinfestation. Microbiological Research 181: 33—42. https://doi.org/10.1016/j.micres.
2015.08.004 PMID: 26640050

Yang YY, Wang Z, He T, Dai Y, Xie SG (2015) Sediment Bacterial Communities Associated with Anaer-
obic Biodegradation of Bisphenol A. Microbial Ecology 70: 97—104. https://doi.org/10.1007/s00248-
014-0551-x PMID: 25501890

Zhang J, Sun QL, Zeng ZG, Chen S, Sun L (2015) Microbial diversity in the deep-sea sediments of
Iheya North and lheya Ridge, Okinawa Trough. Microbiological Research 177: 43-52. https://doi.org/
10.1016/j.micres.2015.05.006 PMID: 26211965

Zhang JX, Yang YY, Zhao L, Li YZ, Xie SG, Liu Y (2015) Distribution of sediment bacterial and archaeal
communities in plateau freshwater lakes. Applied Microbiology And Biotechnology 99: 3291-3302.
https://doi.org/10.1007/s00253-014-6262-x PMID: 25432677

Pereira S, Zille A, Micheletti E, Moradas-Ferreira P, De Philippis R, Tamagnini P (2009) Complexity of
cyanobacterial exopolysaccharides: composition, structures, inducing factors and putative genes
involved in their biosynthesis and assembly. Fems Microbiology Reviews 33: 917-941. https://doi.org/
10.1111/1.1574-6976.2009.00183.x PMID: 19453747

Pereira S, Micheletti E, Zille A, Santos A, Moradas-Ferreira P, Tamagnini P, et al. (2011) Using extracel-
lular polymeric substances (EPS)-producing cyanobacteria for the bioremediation of heavy metals: do
cations compete for the EPS functional groups and also accumulate inside the cell? Microbiology-Sgm
157: 451-458.

Qiu TL, Liu LL, Gao M, Zhang LH, Tursun H, Wang XM. (2016) Effects of solid-phase denitrification on
the nitrate removal and bacterial community structure in recirculating aquaculture system. Biodegrada-
tion 27: 165—-178. https://doi.org/10.1007/s10532-016-9764-7 PMID: 27125529

Ye L, Shao MF, Zhang T, Tong AHY, Lok S (2011) Analysis of the bacterial community in a laboratory-
scale nitrification reactor and a wastewater treatment plant by 454-pyrosequencing. Water Research
45: 4390—-4398. https://doi.org/10.1016/j.watres.2011.05.028 PMID: 21705039

Wong K, Shaw TI, Oladeinde A, Glenn TC, Oakley B, Molina M (2016) Rapid Microbiome Changes in
Freshly Deposited Cow Feces under Field Conditions. Frontiers In Microbiology 7.

Foesel BU, Rohde M, Overmann J (2013) Blastocatella fastidiosa gen. nov., sp nov., isolated from
semiarid savanna soil—The first described species of Acidobacteria subdivision 4. Systematic And
Applied Microbiology 36: 82—89. https://doi.org/10.1016/j.syapm.2012.11.002 PMID: 23266188

Weber SD, Ludwig W, Schleifer KH, Fried J (2007) Microbial composition and structure of aerobic gran-
ular sewage biofilms. Applied And Environmental Microbiology 73: 6233-6240. https://doi.org/10.1128/
AEM.01002-07 PMID: 17704280

PLOS ONE | https://doi.org/10.1371/journal.pone.0186743 October 20, 2017 15/15


https://doi.org/10.1007/s00253-014-5684-9
http://www.ncbi.nlm.nih.gov/pubmed/24691868
https://doi.org/10.1007/s11356-012-1168-6
http://www.ncbi.nlm.nih.gov/pubmed/22961491
https://doi.org/10.1016/j.micres.2015.08.004
https://doi.org/10.1016/j.micres.2015.08.004
http://www.ncbi.nlm.nih.gov/pubmed/26640050
https://doi.org/10.1007/s00248-014-0551-x
https://doi.org/10.1007/s00248-014-0551-x
http://www.ncbi.nlm.nih.gov/pubmed/25501890
https://doi.org/10.1016/j.micres.2015.05.006
https://doi.org/10.1016/j.micres.2015.05.006
http://www.ncbi.nlm.nih.gov/pubmed/26211965
https://doi.org/10.1007/s00253-014-6262-x
http://www.ncbi.nlm.nih.gov/pubmed/25432677
https://doi.org/10.1111/j.1574-6976.2009.00183.x
https://doi.org/10.1111/j.1574-6976.2009.00183.x
http://www.ncbi.nlm.nih.gov/pubmed/19453747
https://doi.org/10.1007/s10532-016-9764-7
http://www.ncbi.nlm.nih.gov/pubmed/27125529
https://doi.org/10.1016/j.watres.2011.05.028
http://www.ncbi.nlm.nih.gov/pubmed/21705039
https://doi.org/10.1016/j.syapm.2012.11.002
http://www.ncbi.nlm.nih.gov/pubmed/23266188
https://doi.org/10.1128/AEM.01002-07
https://doi.org/10.1128/AEM.01002-07
http://www.ncbi.nlm.nih.gov/pubmed/17704280
https://doi.org/10.1371/journal.pone.0186743

