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Abstract To reveal the succession procedure of ammonia-oxidizing bacterial AOB community structure in membrane
bioreactor MBR the molecular biological techniques of denaturing gradient gel electrophoresis DGGE cloning and
sequencing and real-time quantitative polymerase chain reaction PCR were applied. The results of DGGE showed that in
the process of the experiment the succession procedure of the AOB community was slow and that some kinds of popula-
tions had been highly preponderance consistently. The results of cloning and sequencing revealed that Comamonas sp
Uncultured Nitrosomonas sp Uncultured Nitrosospira sp and Uncultured S-Proteobacterium were dominant species in the
AOB population and that three denitrifying species were identified at later stage of the experiment.The results of real-time
PCR indicated that the percentage of the AOB in the total amount of bacteria was less than 0.01% but after the domestication
period the amount of the AOB increased significantly and the AOB content on the 80th day was 12.38 times that of the
inoculating activated sludge.However the specific ammonia-oxidizing activity increased from the initial 0.30><10" g/
copies -h to 11.73>10'" g/ copies - h and decreased to the final 0.068><10" g/ copies -h Furthermore the re-
sults were in correspondence with the NH,—N removal efficiency in MBR.
Keywords membrane bioreactor ammonia oxidizing bacterium denaturing gradient gel electrophoresis cloning and se-

quencing real-time polymerase chain reaction
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membrane bioreactor MBR
[9]
MBR
MBR MBR
Nested PCR-DGGE
[1-2]
13 GenBank real-time
PCR
MBR
1
16S rDNA
[-Proteobacteria 11
Nitrosomonas Nitrosospira y-Proteobacteria MBR 30 L 1.5 m
Nitrosococcus™™®
[10]
denaturing gradient gel electro- PVDF 0.65 mm
. 2
phoresis DGGE 1.0 mm 0.22 pm I 'm
[7-8] 15~18 C
real-time polymerase chain reaction real-
time PCR 6 h 10 min 2
min PLC
Ct Ct 1
1
Tab.1 Characteristics of technology at time of sampling
/
/d b/ mg-L" pH byyss/ mg-L7' Byrvss / bywss MPa
1 Gy 7.8 7.1 5996 0.54 0.04
13 G, 8.2 7.3 4950 0.72 0.06
25 G; 7.9 7.3 6220 0.78 0.08
37 Gy 7.5 7.5 20:1 7 340 0.80 0.12
49 Gs 7.8 6.9 7 860 0.81 0.14
61 G 7.5 7.2 9300 0.82 0.15
73 Gy 7.3 7.2 9120 0.85 0.19
86 Gg 7.3 7.5 20:1 11 440 0.82 0.22
101 Gy 7.0 7.9 l 13 500 0.84 0.27
115 Gio 6.8 7.8 50:1" 14 840 0.83 0.33
1.2 DNA A260/A280 1.76~1.79
-\ \ DNA
- DNAM! PCR

DNA 23 kb
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1.3 Nested PCR 5.82><10° /uL
PCR nested PCR 5.82>107 /L 5.82>10° /uL
1 CTOI189f  5.82>10’ /JuL  5.82>10" /uL
CTO654r (2] 2 R* 0.9
PCR 1 PCR
F357-GC  R518 ]
2 PCR
Tab.2 Primer characteristics and condition parameters
for real-time PCR
PCR 1.5%
94 °C 3 min
F357 94°C30s  55CI15s [13]
1.4 16S rDNA DGGE R318 12 °C 30 35
PCR 25 uL C.B.S. SCIEN- CTOI189fA/B 95 °C 10 min
TIFIC DGGE-2001 8% CTO189fC | 94°C 30 57°C 35 [14]
350~55% 60 C 150 V. 1=<TAE oo 72C 405 4
6.5 h PCR 2xPower SYBR® Green PCR Mas-
Quantity ter Mix Applied Biosystems
One v4.31 Q™35 PCR Bio-Rad
1.5 25 uL 0.5
DGGE 20 puL pmol/L 1 pL DNA 12.5
ddH,O 4°C F357 R518 uLPCR Master Mix 3
PCR PCR 1.5%
PCR pGEM-
T Promega pGEM®—T Vector System 2
I E.coli TOP10 X-
gal IPTG Amp LB 16 h 21 MBR
37 C LB I~ 3 MBR
37 C PCR 10 CODg; 80%
Invitrogen 30 90%
1.6 25 NH,'—N
DNAMAN v5.2.2 67.2% NH, —N
GenBank BLAST 85.3%
600 100
17 PCR 500 30
2 _: 400 60 %E
PCR 2 = 300 N
16S tDNA :‘5200 B SIS o=
T 100 20
58110’ /L 5.8110° e e T 6 o 1
/uL  5.81><10’ /JuL  5.81><10" JEATI I/
/uL  5.81>10" /uL 1 MBR COD,
1.3 1  PCR T

Fig.1 Removal efficiency of COD., in MBR
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Fig.2 Removal efficiency of NH,—N in MBR
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Fig.3 Removal efficiency of TN in MBR
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Fig.4 DGGE profile of AOB in the activated sludge samples
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Nitrosospira Nitrosomonas "% 55% 4
MBR a
Band e/f Comamonas C N 6 7 DO
Achromobacter ) C N
[-Proteobacteria Burkholderiales >20
Band ¢
34 [17]
34.4% 50% MBR MBR
3
3 16S rDNA
Tab.3 16S rDNA sequencing results of some bands
GenBank
NCBI
/%
A WU24UK4A01R EU375651 Comamonas sp.y42 16S rRNA gene partial sequence 99
B WS2HY3UJ014 AY583664 Unculture-d Nitrosomonas sp.isolate DGGE gel band CS3-b7-Honfleur 16S rRNA 97
gene partial sequence
C WU2Z6174016 EF042993 Uncultured Nitrosospira sp.clone 47-2 16S rRNA gene partial sequence 94
D WU3AWTIF012 DQ211512 Uncultured S-Proteobacterium clone nsc162 16S rRNA gene partial sequence 98
a WIJ4EDRHIJ016 EF042983 Uncultured Nitrosomonas sp.clone 61-1 16S rRNA gene partial sequence 92
b WPUSEG12016 AJ311607 Uncultured S-proteobacterium partial 16S rRNA gene DGGE band ADS-1 98
e WSI1S5STYO1R AF233876 Comamonas denitrificans strain 110 16S rRNA gene partial sequence 97
f WTZC4G14014 EU301775 Achromobacter denitrificans strain L2 16S ribosomal RNA gene partial sequence 99
g WU3PGROF016 DQ450405 Uncultured denitrifying bacterium clone N4 16S rRNA gene partial sequence 95
11
24 MBR AOB 3.55><10
PCR /uL 115 2.60>10" /
MBR uL 7.32
AOB 16S 1.26><10’ /uL
DNA 6 11 53310’ /uL 25
49 3.91><10’ /uL
“—11‘-00“0”#—,_,/._.,_-\4 115 1.56><10°
£ 1.00x 10" /ul 12.38
iﬁ —— AR
;§ 1.00x 10° | —8— ALATE
= AOB
#1.00x 10
=
1. : > . t . *
001075 20 40 60 80 100 120 MBR AOB
IR T/ d MBR
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Fig.6 Variation of 16S rDNA copies of AOB AOB
and total bacteria in MBR
25
AOB
rRNA el PCR AOB
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0.01% 2
10" Comamonas
specific ammonium oxidizing rate denitrificans Achromobacter  denitrificans
SAOR 7 Uncultured denitrifying bacterium MBR
25
11.73><10" g/ -h
0.08x< 3 AOB
10" g/ -h
0.04><10" g/ AOB
-h AOB 115 1.56><10’
/uL 12.38
AOB
1ol 0.01%
MBR  NH,—N
25
NH4+—N 1 Thomas H John M. Fouling characteristics of membrane
filtration in membrane bioreactors J Membrane
= Technology 2000 122 6  10-13.
= 1.00x 1o 2 Rosenberger S Kriiger U Witzig R et al. Performance
EE 1.00 % 10° of a bioreactor with submerged membranes for aerobic
@' treatment of municipal wastewater J Water Re-
210010 search 2002 36 2 413-420.
%1_00“02 3 Limpiyakorn T Kurisu F Yagi O. Development and
= application of real-time PCR for quantification of specific
i—g—; 100 100 20 40 60 80 100 120 ammonia-oxidizing bacteria in activated sludge of sew-
lg TR/ age treatment systems J Applied Microbiology and
7 MBR Biotechnology 2006 72 5  1004-1013.
Fig.7 Variation of specific ammonia-oxidizing 4  deBie MJM Speksnijder AG CL Kowalchuk G A et
activity in MBR al. Shifts in the dominant populations of ammonia-
AOB oxidizing beta-subclass Proteobacteria along the eutro-
phic Schelde estuary J Aquatic Microbial Ecology
2001 23 3 225-236.
5  Koops HP Réser A P. Distribution and ecophysiology of
the nitrifying bacteria emphasizing cultured species
J FEMS Microbiology Ecology 2001 37 1  1-
9.
3 6  Kowalchuk G A Stephen J R. Ammonia-oxidizing bacte-
ria A model for molecular microbial ecology J  An-
! nual Review of Microbiology 2001 55 485-529.
7  Nicolaisen M H Ramsing N B. Denaturing gradient gel
electrophoresis (DGGE) approaches to study the diversity
AOB Comamonas sp Uncultured

Nitrosomonas sp  Uncultured Nitrosospira sp
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