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four nitrobacteria enrichments i.e A: enrichment using ammonium as nitrogen source in freshwater, B:
enrichment using nitrite as nitrogen source in freshwater, C: enrichment using ammonium as nitrogen
source in freshwater at low temperature and D: enrichment using nitrite as nitrogen source in seawater.
[Methods] The DNA of microbes in four samples were extracted, then high-throughput sequencing
technology was used to analyze bacterial communities, abundance and diversity. [Results] The results
showed that the microbial community was dominated by phylum Proteobacteria. B-Proteobacteria and
v-Proteobacteria were the dominant bacteria of sample A, B and C, while y-Proteobacteria,
d-Proteobacteria and Bacilli were the dominant bacteria of sample D. The dominant genera were different
in four nitrobacteria enrichments, the dominant species of sample A was Nitrosomonas (24.56%), the
dominant species of sample B was Streptomyces lushanensis (7.15%), the dominant species of sample
C were Bacteriovorax stolpii (19.36%) and Nocardioides daecheongensis (19.35%), while the
dominant species of sample D were Acidovorax anthurii (13.6%) and Caulobacter segnis (11.5%).
7 groups of nitrobacteria were detected in 4 samples, the majority genus of sample A, B and D was
Nitrosomonas, accounting for 24.56%, 4.94% and 0.63% relative abundance, respectively;
Nitrospirillum (0.69%) and Nitrospira (0.69%) were the dominant bacteria of sample C. Apart from
that, there were beneficial bacteria and pathogens detected in samples, such as Alcanivorax,
Bradyrhizobium, Vibrio and Burkholderia etc. [Conclusion] Bacterial diversity, the group of nitrifying
bacteria which played a main role in nitrification and other microbial groups related to environmental
cycling or special physiological characteristics laid a foundation for its practical application.

Keywords: Nitrobacteria, Enrichments, Microbial community structure, High-throughput sequencing
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Table 1 The source and enrichment culture conditions of sludge
Sample Sludge source Energy substance Temperature (°C) Salinity (%) Period (d)
A NH,CI 28 0.3 20
Enrichment culture A 200 mg/L
B NaNO, 28 0.3 20
Enrichment culture B 200 mg/L
C NH,CI 15 0.3 40
Enrichment culture C 200 mg/L
D NaNO, 28 3.0 40
Enrichment culture D 200 mg/L
1.3 DNA $2E
4 15 mL 155 250
10% 100 mL 13 000xg 147 851 97%
20 min 2mL OTU 2 634
DNA DNA OTU 2 Alpha
DNA  —20 °C DNA (Shannon index) Chaol
[15] 2
14 SBENF Simpson  Shannon
C OTu Chaol ACE
Illumina MiSeq 16S rRNA V4 3
FASTQ
FLASH (version 1.2.7 [16]
http://ccb.jhu.edu/software/FLASH/)!') 22 HE S R B B 4 A AT S AR
4 24
OTU 1 (Proteobacteria)
73.64% 55.06% 60.89% 74.71%
[17]
B C (Bacteroidetes)
2 BR545h - (Deinococcus-Thermus)
21 MHMEEFRIER Z S A (Actinobacteria)
16S (Bacteroidetes) D (Firmicutes)
rRNA (Bacteroidetes)
V4-V5 (Chloroflexi)
( 3.0%) V6 (Verrucomicrobia) (Gemmatimonadetes)
( 13%)3M 4 (Planctomycetes) 24 14
16S rRNA V4 4 Ignavibacteriae
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R2 AMELAESEBEFRYNFEIESITR Alpha ZHHEEE

Table 2 The sequencing data and the Alpha diversity index of 4 nitrobacteria enrichments

Sample Original sequence High quality OTUs Chaol ACE Simpson Shannon
number sequence number
A 37 038 33372 965 344.0 371.76 0.93 5.36
B 47 127 45 555 929 321.0 411.53 0.96 5.44
C 30318 29 630 1194 466.0 513.34 0.94 5.83
D 40 767 39 294 773 309.0 352.81 0.95 5.43
(Firmicutes)  Caldithrix B
(Thermodesulfobacteria) 4
(Lentisphaerae) C A D (Actinobacteria) (Thermomicrobia)
(Clostridia) (Deinococci)
4 47 47 24 4
2 2 A B (Holophagae) A
B- (Betaproteobacteria) y- (Sphaerobacteridae) Dehalococcoidetes
(Gammaproteobacteria) o- Caldithrixae B
(Alphaproteobacteria) C B- (Thermodesulfobacteria)
(Betaproteobacteria) v- (Synechococcophycideae)
(Gammaproteobacteria) (Flavobacteriia) (Oscillatoriophycideae) (Ktedonobacteria)
D Y- (Firmicutes) (Erysipelotrichi)
(Gammaproteobacteria) - (Coriobacteriia) (Chloroflexi)
(Deltaproteobacteria) (Bacilli) D C D

I Bz F
Bacteriophyta proportion

B Proteobacteria

B Actinobacteria

B Bacteroidetes

B Firmicutes

B Chloroflexi

B Deinococcus-Thermus
B Verrucomicrobia

B Gemmatimonadetes
B Planctomycetes

B Others

B Cyanobacteria

B Thermodesulfobacteria
[ Tenericutes

H Synergistetes

I Spirochaetes

B Nitrospirae

B [ entisphaerae

H [gnavibacteriae

B Fusobacteria

B Firmicutesa

B Chlorobi
B Chlamydiae
=3 B Caldithrix
Samples B Acidobacteria

El1 4#ELARESREFYOAETKTFAN

Figure 1 The composition of 4 kinds of nitrobacteria enrichments at phyla level
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= Betaproteobacteria = Thermodesulfobacteria
m Gammaproteobacteria =m Synergistia
m Alphaproteobacteria = Synechococcophycideae
= Deltaproteobacteria = Spirochaetes
m Actinobacteria = Sphaerobacteridae
m Flavobacteriia = Solibacteres
m Thermomicrobia m Oscillatoriophycideae
= Bacilli m Nitrospira
2 § m Others m Mollicutes
N & = Cf/tophagia m Ktedonobacteria
= g m Clostridia m [gnavibacteria
S 2 = Deinococci = Holophagae
= > = Verrucomicrobiae m Fusobacteriia
5 ] = Sphingobacteriia = Firmicutes
& &) = Gemmatimonadetes =3 Erysipelotrichi
m Acidimicrobiia m Epsilonproteobacteria
m Thermoleophilia m Dehalococcoidetes
= Phycisphaerae = Coriobacteriia
= Nitriliruptoria = Chloroflexi
= Planctomycetia = Chlamydiia
= (Opitutae = Caldithrixae
& Anaerolineae = Caldilineae
B = Chloroplast = Acidobacteria
A = Bacteroidia
Samples
B2 4MELEARESEEFYMABRMNKTENR
Figure 2 The composition of 4 kinds of nitrobacteria enrichments at classes level
4 129 C (Rhodoferax antarcticus
A ANT. BR) 1.39%
(Nitrosomonas 24.56%) Halobacteriovorax litoralis [18-21]
(7.97%) (Oceanimonas doudoroffii 4
4.47%) B (Streptomyces lushanensis D
7.15%) (Salinibacterium xinjiangense (Alcanivorax hongdengensis A-11-3)
6.67%)  Tistrella bauzanensis (6.34%) C
R3 AMHERPEBHLIIEERER
. .. 0
(Bacteriovorax stolpii  19.36%) Table 3 The bacteria with nitrification function in
(Nocardioides daecheongensis  19.35%) 4 kinds of samples
Polycyclovorans algicola TG408 (8.26%) D
Nitrifying Percentage (%)
(Acidovorax anthurii  13.6%) basiese Genus A B C D
(Cau]obacter segnis 115%) Nitrosococcus = - 055 0.38
o . . . watsonii
(Bdellovibrio bacteriovorus str. Tiberius  6.03%) Nitrosomonas 065 — - 016
. =] TH eE T BE 4N £ europaea ATCC
23 HmPMBERESN e
4 7 Nitrosomonas 248 4.64 0.26 0.47
eutropha C91
A B CD 53 4 4 Nitrosomonas 1.24 0.18 - =
3 N. halophila
Nitrosomonas sp. 20.19 0.12 - -
eutropha C91 4 Nitrospirillum AL212
amazonense 3 N. europaea ATCC Nitrospirillum Nitrospirillum 0.18 - 0.69 0.42
amazonense
19718 2 N. Nitrospira = - 069 -
. . Jjaponica
Japonica C A C D Total 2474 494 219 143
(Bacillus cereus ATCC _ 0
14579) 0.21% 0.18% 0.44% Note: —: The proportion of bacteria in the samples was zero.
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(Methylophaga nitratireducenticrescens) v- o-
(Bradyrhizobium lupini)
(Truepera radiovictrix DSM 17093)
22 15-35 °C 15 °C
(Vibrio)
(Burkholderia)
(Facklamia) (25-27]
(161 D  40d
3 HFiHitig 143% Yao ¥
B- a- o-
(B-Proteobacteria) Y- B-
(Nitrosomonas) (Nitrosolobus)
(Nitrosospira)
(Nitrosovibrio)
(Nitrosococcus) v-
(Chromatiales) (Chromatiaceae)
(1) (NOB) (Nitrospira)  Nitrospirillum
a- (a-Proteobacteria)
(Rhizobiales) (Bradyrhizobiaceae) A 24.74%
(Nitrobacter) 2) v-
(y-Proteobacteria) (Chromatiales) pH
(Ectothiorhodospiraceae) Yao &
(Nitrococcus)  (3) 6- (8-Proteobacteria) 25d
(Desulfobacterales)
(Desulfoarculaceae) (Nitrospina) (4) (Nitrosomonas) (Nitrospira)
(Nitrospira) (Nitrospira) 2.94% 60.66% Young B
(Nitrospiraceae) MBBR
(Nitrospira)[23"24] (31
PCR-DGGE
(AOB) p-
A B (Nitrosomonas) N. eutropha C91
C B- v- D 3% NaCI?* 1 4
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A 20.19%
N. watsonii
35-36] C D
[37]
A C D (R. antarcticus
ANT. BR) (3]
C Yao [

Alcanivorax hongdengensis A-11-3
[39]

(Lactococcus plantarum)™*™®
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