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Microbial community in the Anammox
process of thermal denitration tail liquid

Jin Li, Deshuang Yu, Dan Zhao, and Xiaochen Wang

School of Environmental Science and Engineering, Qingdao University, Qingdao 266071, Shandong, China

Abstract:  An anaerobic sequencing batch reactor (ASBR) was used to treat thermal denitration tail liquid and microbial
community was studied. Activated sludge was taken from the reactor for scanning electron microscope analysis. The
images showed that the dominant cells in the flora were oval cocci. Its diameter was about 0.7 pm. Through a series of
molecular biology methods such as extracting total DNA from the sludge, PCR amplification, positive clone authentication
and sequencing, we obtained the 16S rDNA sequences of the flora. Phylogenetic tree and clone library were established.
The universal bacteria primers of 27F-1492R PCR amplification system obtained 85 clones and could be divided into 21
OTUS. The proportions were as follows: Proteobacteria 61.18%; Acidobacteria 17.65%; Chlorobi 8.24%; Chlorofexi
5.88%; Gemmatimonadetes 3.53%; Nitrospirae 2.35% and Planctomycetes 1.18%. The specific anammox bacterial primers
of plad6rc-630r and AMX368-AMX820 PCR amplification system obtained 45 clones. They were divided into 3 OTUS.
Candidatus brocadia sp. occupied 95.6% and unknown strains occupied 4.4%.

Keywords: thermal denitration tail liquid, Anammox, 16S rDNA clone library, molecular community, Candidatus brocadia
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(3040 C) Fz 1 HHKEZDIERR
ANAammox ASBR Table 1 Indicators of influent and effluent
Item NH,"N NO,-N NO;-N COD C/N
Anammox
Influent 156 1400 105 58 022
228 d (mg/L)
Effluent
DNA (@gL) 9.8 425 299 50 1.1
PCR . s \ o
1.2 FERFIRILEE
165 rRNA WisespinCF-1 BIO-RAD PCR
DYY-7
WH-3
1 ﬁﬂg‘__lgj jj- 3{_ MO BIO DNA 2xTaq PCR
MasterMix DNA
1.1 5RKIRE ( ) PMDI8-T DHS5a
MSP ALU I
ASBR 1
7L
27F Plad46rc, AMX368
SRS 1492R  630r AMXS820 2
115 mg/L 140 mg/L
pH 75 g h 1.3 A&
1.3.1 DNA PCR
3 500 mg/L
DNA
91.5% 97.0%
1 DNA 5uL
DNA 1%
Regulating tank . N
' — Stirrer ! —20C
! M i
. : *z2 slMF5
! 4 Table 2 Sequences of primers
| l Pri Pri 503"
ASBR| - - Settling tank rimer name rimer sequence ( )
| i—Fi—v 0 27F AGAGTTTGATCCTGGTCAG
i ] 7, ;’“ i Pla46rc GGATTAGGCATGCAAGTC
" - ‘ - AMX368 TTCGCAATGCCCGAAAGG
e Water bath 1492R GGTTACCTTGTTACGACTT
= ag s 70 630 CAKAAAGGAGGTGATCC
1 ASBR RESEANLEEETHEE '
AMXS820 A AAACCCCTCTACTTAGTGCCC

Fig. 1 Flowchart of ASBR Anammox reactor.
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(27F-1492R)
(pla461rc-630r;

AMX368-AMX820) DNA
16S rRNA PCR
16S rRNA
PCR (50 pL) 1 pL 27F

(10 pmol/L) 1 uL 1492R (10 pmol/L) 25 pL
2xTaq PCR MasterMix 2 pL DNA

ddH,O 50 uL  PCR 95 C
5min 94 C 40s 52°C 40 s
72 C 90 s 30 72 C 7 min
PCR 1% PCR
DNA
plad6rc-630r
AMX368-AMX820 DNA
PCR plad61rc-630r

PCR
AMX368-AMX820
PCR (50 pL) 1 pL
(10 pmol/L) 1 puL
(10 umol/L) 25 pL 2xTaq PCR MasterMix 2 uL
DNA ddH,0 50 uL
13161 g5 °C 3min 95°C 1 min
56 C ( PCR ) /52 C ( PCR
) I min 72 °C I min 30
72 C 10 min PCR 1%

1.3.2 PCR

1 uL PMDI8-T
2 uL PCR 2 pL ddH,0 5 pL Solution |
(EDTA 5g/L  FeSO,7H,O 5g/L)
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16 C 16 h
DH5a

(10 uL) 50 uL
30 min 42 C 60 s
I min 890 uL LB
37 C 60 min 50 uL
X-gal IPTG Amp LB
37°C 14 h
150 (
100 50 )
5mL Amp LB 37°C
12 h
1.3.3 PCR
200 puL
5 min PCR PCR
(50 uL) 1puL M-13-47 (10 pmol/L) 1 pL
RV-M (10 pmol/L) 25 upL 2xTag PCR
MasterMix 2 pL DNA ddH,0O
50 uL 94°C3min 94 °C 30s
55C45s 72°C1min30s 32 72 °C
5min PCR 1%
MSP ALU I

10 min

(37°C 2h)

1%

0.7 pum

0.8—1.1 um (17-19]
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0001 15kV x15000 1pum WDI13
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Fig. 2 SEM photo of Anammox bacteria granular sludge.
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Blast
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Fig. 3 Phylogenetic tree of bacteria in the reactor.
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F 3 27F-1492R {K % 16S rDNA e ELER
Table 3 16S rDNA clone library results of 27F-1492R system

Population OTU Percentage (%) Most similar bacteria in GenBank Similarity (%)
Candidatus Brocadia L50 (26) 57.78 (C:}r;ii:sa;tg;?)rocadia sinica JPNI 100

L44 (6), L36 (6) 3778 Candidatus Brocadia sinica JPN1 99

L5 (4), L27 (1) (AB565477.1)
E;i?ecrtiounr\nycetales L31 (1), L16 (1) 4.44 ggc;lltgulrg;l ;Ianctomycetales bacterium 95
Total number 3 (45) 100

Proteobacteria 15

52 61.18% 17.65%
Chlorobi 8.24% Chlorofexi
B-Proteobacteria 5.88% Gemmatimonadetes
v-Proteobacteria B-Proteobacteria 3.53% Nitrospirae  2.35%
84.62% Planctomycetes  1.18%
y-Proteobacteria 8
15.38% B-Proteobacteria (plad6rc-630r AMX368-AMXS820) ,
Rhodocyclaceae 35 45 7
Burkholderiaceae 9 1-2
v-Proteobacteria 9
Enterobacter sp. Acinetobacter sp. GenBank
Raoultella sp. 4 4
Acidobacteria 3 OTU

44 —L5 (KC907089)
L36 (KC907092)

26 L 1,44 (KC907094)
68 |1.50 (KC907090)
97! | Candidatus Brocadia sinica (AB565477.1)

99 1,27 (KC907093)
35 L Uncultured Brocadia sp. (DQ838671.1)

Candidatus Brocadia sp. (JN205347.1)

;’ﬂ: Candidatus Kuenenia sp. (HM769655)

Uncultured Candidatus Kuenenia sp. (JN010145)

88 Uncultured Planctomycetales bacterium (JQ919107.1)
96 [— L31 (KC907091)
100'L16 (KC907095)

Candidatus Scalindua wagneri (JQ889462)

4 REFARESELAREMNRRTLEH

Fig. 4 Phylogenetic tree of anaerobic ammonia oxidizing bacteria in the reactor.
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# 4 plad6re-630r, AMX368-AMX820 1K % 16S rDNA e T4
Table 4 16S rDNA clone library results of pla46rc-630r, AMX368-AMX820 system

Population

OTU

Percentage (%)

Most similar bacteria in GenBank

Similarity (%)

Uncultured Rhodocyclaceae bacterium

22 41
5225958 (3) ? (FM207908.1) 78
. Uncultured Rhodocyclaceae bacterium
B-Proteobacteria s38 (7) 8.24 (FM207908.1) 95
Uncultured Rhodocyclaceae bacterium
2), s48 (1 .
S68 (2), s48 (1) 3.53 (F1933428.1) 96
s7 (3) 3.53 Thauera sp. (NR_074711.1) 96
S23 (5) s22 (5) 11.76 Thauera sp. (NR_074711.1) 99
S46 (4) 4.71 Uncultured Azoarcus sp. (EF648039.1) 99
S75 (4) 4.71 Burkholderia sp. (HQ222273.1) 96
$62 (3), s59 (1) 4.71 Burkholderia sp. (HQ222273.1) 97
S1 (1) 1.18 Burkholderia sp. (HQ222273.1) 98
. Enterobacter ludwigii strain KPS 4-2
-Prot t 27 (1 1.1
v-Proteobacteria S27 (1) 8 (1Q308602.1) 99
Raoultella ornithinolytica strain T] DMFA
1 1.1 - 1
596 () 8 (JF701186.1) 00
S52 (1) S31 (2) 3.53 Acinetobacter sp. (HM489955.1) 99
s4 (1) 1.18 Enterobacter sp. (HQ189499.1) 100
s16 (1), 89 (1) 2.35 Enterobacter sp. (HQ189499.1) 99
. . S37 (6), s28 (7) Uncultured Acidobacteria bacterium
Acidobacteria s11 (1), $36 (1) 17.65 (JQ579856.1) 92
. Uncultured Chlorobi bacterium
Chlorobi S78 (6) s20 (1) 8.24 (GQ342332.1 94
Chlorofexi s69 (5) 5.88 Uncultured Bellilinea sp. (JQ183076.1) 97
. Uncultured Gemmatimonadetes bacterium
Gemmatimonadetes  s55 (3) 3.53 (IN825452.1) 98
Nitrospirae s17 (2) 2.35 Nitrospira sp. (AJ224041.1) 98
Uncultured Planctomycetaceae bacterium
Planctomycetes s29 (1) 1.18 (1X962747.1) 89
Total number 20 (85) 100.00
Candidatus Brocadia sp. 2  OTU 2 4.4% Uncultured
43 95.6% Planctomycetales bacterium 95%
100% 99% 43
Candidatus TN
Brocadia sp. 26 Candidatus v
Brocadia sinica JPN1 100%
Candidatus Brocadia sinica OTU

http://journals.im.ac.cn/cjben
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B-Proteobacteria

[21] [22]

B-Proteobacteria
Rhodocyclates
Brukholderiales (23]
Rhodocyclates

Thauera sp. [24-23]

[26]

[5,27]

95.6%
Candidatus Brocadia sp. 57.8%
Candidatus Brocadia sinica

100%

[7,28]

Candidatus

Brocadia sinica

4 Zi

ASBR

Anammox

0.7 pm
95.6%

Candidatus Brocadia sp.

Candidatus Brocadia sinica

B-Proteobacteria
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