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Abstract For understanding the mechanism of biodegradation in a SBR reactor treating nitrogen-containing aromatic wastewater the reactor
sludge samples were used for PCR-DGGE analysis. Meanwhile 90 strains were isolated from the sludge sample after the start-up stage 36
strains can degrade nitrogen-containing aromatic compounds. 5 strains nitrogen-containing aromatic degraders were further performed aromatic
ring cleavage dioxygenase analysis. Result showed that bacterial diversity in the reactor were changed during the start-up stage Acidobacteria
SBR1 SBR7  Actinobacteria  SBR4  and 3 Proteobacteria  SBR6  may play important role in biodegradation of nitrogen-containing
aromatic compounds among the isolates. Different bacterial diversity research method all have bias and reflected different part of the bacterial
structure. Among the isolates Actinobacteria were the majority by analysis the ring cleavage enzyme activity further understood how the four
nitrogen-containing aromatic compound were degraded in the reactor. The results provided valuable references for studying microbiological
degradation mechanism in the reactor and enriched microbial resources of nitrogen-containing aromatic degrader.
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1 . SBR Promega USA -20C
X X 300 mm x 100 mm x 300 1.3 PCR
mm 6 L . 16S rDNA
4 968F-GC 5'-CGC CCG CCG CGC GCG GCG

GGC GGG GCG GGG GCA CGG GGG AAC GCG AAG
AAC CTT AC-3’ 1401R 5'-CGG TGT GTA CAA

GGC CCG GGA ACG-3" 7 .50 pL 1
NB 4 x PCR buffer 2 mmol/LL MgCl, dNTPs 200 pmol/L
4-NpP AN 2 4- 2 4-DNP 4 30 pmol Tag DNA polymerase Promega 1
100 ~ 180 DNA 40 ng. PCR
mg/L 4- 100 ~ 150 mg/L 50 ~ 100 mg/L PCR Taq 94°C
2 4- 25 ~ 50 mg/L 118 d 4 min Tag ~ 94°C 1 min 65C 1
12h 119~141d 8h 142d 6 h min 72°C 1 min 0.5C 20
95d 4 94°C 1 min 55C 1 min 72%C 1 min
T0C 10 mg/L. 7. 10 72C 10 min 1.0%
0 60 90 120 150 190 d
l'g -70°%C 1.4 DGGE
50 pL. PCR DCode System
5 Bio-Rad USA 30%
o ﬁ' ) ~60% 6.5% 200V
et " —in] e 10 min 100 V 10~ 11 h. 60°C.
; 0.5 pg/mL
3 1 b :
: = 4 GelDoc2000 BioRad
3 i u e 7o H
itk >t | o omm | TGk USA .
[ [ [mr] [ 1.5 DGGE
® DGGE 50
| SBR 5. 3. 4 5. pL Milli-Q 24 h 2 pL. PCR
6. 7. 8. 9. DGGE
1 .
Fig.1 Pilot experimental system BLAST http /]
www. ncbi. nlm. nih. gov/blast GenBank
1.2 DNA
Oved °
v 168 rRNA ClustalX
1.5 mLL 0.2¢ . "
Kimura-2 1 .000.
2 1.0 mL pH .
Quantity
8.0 TE 100 pL. PVP 100 pL SDS 500 mg " . .
] One’ . UPGMA Unweighted Pair-
465 ~ 600 pm 0.6 ¢ 5 min ) ) )
. . Group Method using Arithmetic averages DGGE
12 000 r/min 1 min
Dice coefficient
1/10 5 mmol/L 10 5
min 12 000 r/min 5 min )
) Shannon H
1 mL 30 min
12000 /min 10 min  70% TE H=-2, m/Nlgn/N
20 ~ 50 pL 10 mg/L Rnase 10 0.6 n; N

71 DNA Wizard DNA Clean-Up System Kit 10
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29

1.6

Quantity One®

17 1g
10
0.1 mL LB LB 30C 3
~5d.
D¢y 0.3~
0.4 0.7mL 1.5 mL
0.3mL  50% LB
-70°C DNA 271
1492R 16S tRNA b
GenBank
1.7 4
4- 2 4-
LB 50 ~ 100
mg/L 4- 2 4-
MS 100
mg/L LB
30C
PARAFILM
13 000 r/min 10 min 0.5 mL
0.22 pm 5
pL HPLC
1.8
LB
MSB 30°C 130 r/min
Dgo 0.2 8000 r/min 100
ml pH 8.0 50 mmol/L Tris-
HCI 2 1mL
200
W 3s 5s 90 4°C 20000 r/min
30 min .
1 2- 2 3-

1 2-

1 2-

2.1 DGGE
DGGE

3

190 d

0d

2

60d

90d

DGGE

120d

3 4

1 6-

1504

Fig.2 DGGE analysis of different sample

DGGE
0d

10

190 d

190 d



9 SBR 2567
1 DGGE 1%
Table 1  Different lane bacterial structure similarity analysis /%
0d 60 d 90 d 120d  150d 190 d 90 ~ 120 d
0d 100 28.9 24.7 24 17.7 41.5 4
60 d 28.9 100 34.6 37.4 6.8 7.5
90 d 24.7 34.6 100 45.1 47.1 37.7 4
120 d 24 37.4  45.1 100 60.7 24.1 .120~190 d
150 d 17.7 6.8 47.1 60.7 100 35.5
190 d 41.5 7.5 37.7 24.1 35.5 100
0d
190 d
190 d 2
190 d 4
4
60 d
90
120 150d 90 ~ 150d
1.2
3
1.0 —
I DGGE 5 os
m O
3 0d 190d 60 d 50.6—
90 120 150 d 2 04
0.2 —
0 1 | | | |
0 60 90 120 150 190
0.23 0.40 0.60 0.80 1.00 od
I T T T 1
60d 4 DGGE
Fig.4 Different DGGE lane divsity index analysis
190d
2.2 DGGE
2
0d
5
90d . .
Acidobacteria  SBR1 ~ SBR7
Proteobacteria  SBR2 SBR3 SBR6 Actinobacteria
1504d SBR4 SBRS .
Acidobacteria
120d 19 20
Proteobacteria 72 429
3 DGGE UPGMA 21
Fig.3  Analysis DGGE pattern by the clustering method using . . »
UPGMA method with arithmetic averages - Actinobacteria
4 DGGE
0~60d 3
4
0d
60 ~ 90 d 60 d Actdobacteria
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2 DGGE BLAST
Table 2 Dominant DGGE bands BLAST result
DGGE GenBank /%
SBR1 Acidobacteria EU251149 Uncultured Acidobacteria bacterium clone AKYG1109 AY921847 96
SBR2 7-Proteobacteria EU251146 Pseudomonas putida DQ111772 98
SBR3 0- Proteobacteria EU251150 Uncultured Geobacter sp. clone NSI AF404348 90
SBR4 Actinobacteria EU251151 Microbacterium arabinogalactanolyticum  Y17228 99
SBR5 Actinobacteria EU251147 Microbacterium arabinogalactanolyticum  Y17228 99
SBR6 [3 Proteobacteria EU251152 Beta proteobacterium 0S-19 AB076848 97
SBR7 Acidobacteria EU251148 Uncultured Acidobacterium group bacterium clone SBR1013 AF368180 95
999 SBR2
Pseudomonas aeruginosa (Z76672) )
0.05 Acinetobacter calcoaceticus (AJ633632) Y- Proteobacteria
(B Escherichia coli (J01695)
SBR6
1 000
R les depolymerans (AB003623) B - Proteobacteria
Comamonas sp. (AJ002803)
Desulfonema magnum (U45989)
SBR3 8 - Proteobacteria
Geobacter metallireducens (L07834)
Geothrix fermentans (U41563)
Acidobacterium capsulatum (D26171)
SBR1
Bacterium Ellin6099 (AY234751) . .
1000 Bacterial clone 11-25 (Z95709) Actdobacteria
SBR7
Uncultured Acidobacterium group bacterium clone (AF368180)
Uncultured Acidobacteria bacterium (AY211077)
Bogoriella caseolytica (Y09911)
1000 | 885 Kocuria rosea (X87756)
Arthrobacter globiformis (M23411) ) )
1 000 Microbacterium lacticum (AB007415) Actinobacteria
SBRS5
SBR4 ]
Aquifex pyrophilus (M83548)
5 DGGE
Fig.5 Relationships of sequences derived from DGGE bands to previously documented sequences
SBR1 7- Proteobacteria  SBR2 Actinobacteria 3 DGGE
SBR5 90 d Table 3 Dominant bacterial groups in different sample
SBR3 showed by DGGE analysis
0- Proteobacteria 8 h /d
SBRI Acidobacteria
0 SBR5 Actinobacteria
8h 150 d SBR2 Gammaproteobacteria
6 60 SBR2 Gammaproteobacteria
h 120 d SBRS Actinobacteria
SBR2 Gammaproteobacteria
90 SBR3 Deltaproteobacteria
120 d SBR4 SBR4 Actinobacteria
SBR4 SBR5 999, SBR4 Actinobacteria
SBR5 0 60 90 120 d 120 SBR2 Gammaproteobacteria
SBRS Actinobacteria
4 150 SBR4 Actinobacteria
190 d SBR6 Betaproteobacteria
. . SBR7 Acidobacteria
Acidobacteria  SBR1 . . .
190 SBRI Acidobacteria
SBR7 Actinobacteria  SBR4 3 Proteobacteria SBR4 Actinobacteria
SBR6  y-Proteobacteria  SBR2 SBR6 Betaproteobacteria
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. Acidobacteria 6
SBR1 0d 60 d MS + LW9 LWI18
120 150 d 190 d LW21 1 2- LW15
4 LWI19 2 3- .LW14
6
4
2.3 Table 4  Bacterial populations based on isolated bacterial
190 d strains and nitrogen-containing aromatic degraders from
1B 1/20 1B the sequencing batch reactor system
30°C 4
3~7d NB 4-NP 2 4-DNP
920 Actinobacteria 45 5! 172 12°
4 16S Bacteriodetes 4 0 0 0
RNA 90 Firmicutes 5 0 0 0
4 a- Proteobacteria 1 0 0 0
. . . Proteobacteri 3 0 0 0
Actinobacteria 7-Proteobacteria 50% - Proteobacteria
36% 16S RNA 7- Proteobacteria 32 0 0 2
0 . I
90 5 17 14
DGGE
14 NB Rhodococcus 16S rRNA > 98 %
1 NB Arthrobacter 2 11 4-NP
Rhodococcus 16S rRNA >98% 6 4-NP
4 Arthrobacter 35 2 4-DNP Rhodococcus 16S rRNA
5 5 LB MS >98% 2 2 4-DNP Pseudomonas 4
LB 2 4-DNP Janibacter
5 5
Table 5 Nitrogen-containing aromatic degraders isolated from the reacotor
/%
LW9 2 Actinobacteria Rhodococcuszopfii DSM 44108T AF191343 100 4-NP
LW21 3 Actinobacteria Arthrobacter nicotianae DSM20123 X80739 98 4-NP
LW18 1 failure to sequence 4-NP
LWI15 2 Actinobacteria Rhodococcus rubber DSM 43338T X80625 100 NB
LW14 2 Actinobacteria Rhodococcus rubber DSM 43338T X80625 100 2 4-DNP
3 Proteobacteria .DGGE
165 tRNA 190 d
Actinobacteria 50%
! PCR-DGGE
16S rRNA DGGE
7
2 3-
968-GC  1401R 16S rRNA 4- 1 2-
Actinobacteria CFB 2 4-
DGGE 5
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Fig.6  Sketch map of how the four nitrogen-containing

aromatic compounds were degraded in the reactor

1
Acidobacteria SBR1 SBR7 Actinobacteria
SBR4 3 Proteobacteria  SBR6
2 16S
rRNA PCR-DGGE

3 90 36

Actinobacteria .5
2 3-
LW15 4- 1 2-
LW9 LWI18 LW21
2 4- LW14
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