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Abstract: The 16S DNA-based molecular technique was applied to investigate the functional microbial community of a membrane- aerated
bidfilm bioreactor(MABR) that was used for completely autotrophic nitrogen removal over nitrite ( CANON). T he relationships among two kinds
of key bacteria responsible for CANON: aerobic ammonia- oxidizing bacteria ( AOB) and ANAMMOX bacteria, and their possible digributions
in the MAB were discussed based on the microbial community analysis. FISH analysis showed the existence of two visible active layers in
experimental MAB. One was the paitial nirifying layer located in the region of oxyger rich membrane-biofilm interface, dominated by NSO190-
posiive AOB. The other was the ANAMMOX active layer located in the region of anoxic liquid biofilm interface, dominated by PLA46 and
AMX820 positive ANAMMOX microorganisns. As a result, the AOB as well as ANAMMOX bacteria were present and active in experimental
MABR, and the cooperation between AOB and ANAMMOX bacteria was considered to be responsible for CANON.
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, AOB ,
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PCR) PCR-DGGE"” FISH'" i
: , AOB
ANAMMOX
. 1.2
1
4% .
1.1 (PBS) 2, PBS
. 100% , -20C
[7] ) ,
(NH.),S0; KHCO; KH,PO, CaCl,*2H,0 FeSO, DNA,
MgS0.* 7H,0 0 d(
2 , ) 20d 43 d( ANAMMOX ) 65d
, 35C, pH 110 d.
7.9 , 1.
1
Table 1 Frequency of sampling and relevant parameters of menbrane-aerated biof im
/mgeL”!
/d / MPa [mgL! NHj-N NO3-N NO;-N TN
0 0.4 82 135.8 3.2 62 4 ND
20 0.015 02 102. 85 67.2 189 191. 5
43 0.015 (I 106. 0 87.8 22 197. 6
[ 0.015 018 62.5 62.3 14 7 142. 2
110 0.015 Q55 26.8 3.6 197 52.3
1.3 DNA ANAMMOX
DNA Plandomycetes( ) (
DNA Lakay " . Plad0f P518r) 1 pcR "
DNA 50 UL TE Buffer 2 PCR 1 PCR ,
(pH 8. 0) ,—20C ( GC P338
1.4 NestedPCR (AOB)  16S rDNA P518r) .2 PCR
DNA \ 1% \ 100
[12] ( V.30 min, 0.5xTAE
CTO189ABf  CTO189Cf, Cl0654r) 1.6 (DGGE)
1 PCR . 2 PR 1 Bio-rad DGGE 2
PCR : ( ¢C GC PCR .
P338f P518r) 2 8% , 45% ~ 60% ,
PCR 1% 60 C, 38V, 1x TAE 16h
, 100 V, 30 min, SYBR Green I ( 1 10000 ,
0.5x TAE Rockland, USA) 10 min,
1.5 Nested-PCR ANAMMOX 165 1DNA ( VilbertLourmat, France)
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1.7 I,
2~ 10 nlL , ( Cy3 G5
,45°C , 20 ng/ ML, Fluos
s 50% 80%  100% 3 50 ng/HL) 91
min, . , 46 C
[ 20 mmo) L. Tris HCI(pH= 7. 2), 0.01% SDS, 90 min, 2
2 FISH
Table 2 16S rRNA-targeted oligonucleotide probes
(E. coli) /% NaCl/ mmol+ 1!
NSO190 AOB in the B Proteobacteria 190~ 208 40 2 () [13]
PLA 46 Pland anyceales 46~ 63 30 159 () [ 10]
AMX820 Cand.. “ Brocadia anammovidans’ 820~ 841 40 6 () [ 14]
AMX820 Cand.. * Kuenenia stutigartiensis’ 820~ 841 40 6 Cys( ) [15]
EUB338 plus Eubacteria 338~ 355 20 170 FITCC ) [15]
, ( Marker 0d  20d 43d 65d 110d
) ,
s KC 10 min,
( CSLM, TCS-SP2, Leica, Germany) , 250 bp—» 220bp
Image pro Plus 4. 0 100 bp—
2
2.1 16S rDNA Nested- PCR 2 16S rDNA 2 PCR
Nested PCR Fig. 2 Second round PCR produdions of 163 rDNA ampl fication of AOB
16S rDNA PCR .
1 PCR AOB ( :
CTO189ABf  CTO189C, CTO654r) 22 163 tDNA Nested-PCR
i 1 Nested- PCR
Marker 0d 204 43d 65d 110d 16S rDNA PCR
1 PCR DNA ,
ANAMMOX (
Plad0f P518r) PCR ,
bl 465 bp 3 . ) ANAMMOX
250 bp s
DNA . 43 65 110 d
(478 bp)
1 16S rDNA 1 PCR ’ MABR
Fig. 1 Firs round PCR productions of 165 rDNA amplification of AOB (0d) 20 d
, MABR ANAMMOX
1  PCR R GC MABR 43 d
P338f+ GC  P5I18r ANAMMOX
2  PCR , 2. " 2 1 PCR s GC
PCR (220 bp) P338f+ GC  PS18:
PCR -207C 2 ., PCR s 4. g2
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Marker 0d 20d 43d 65d 110d .
16S tDNA  Nested-PCR
220 bp , DGGE
:607C, 100 V, 10 h.
500 bp-p 478 bp 8%, , 45% ~ 60% .
(0d) , 20d
3 16S rDNA 1 PCR 20d
Fig.3 Fist round PCR productions of 165 tDNA amplification ,
of ANAMMOX bacteria i 43d
20d
Marker 43 d 65d 1od
, A B 2
, A B
NHi-N NO-N ;
250 bp c ?
20d , 65d
100 bp
, C
0d 20d 43d 65d 110d
4 16S rDNA 2 PCR
Fig. 4 Second round PCR productons of 16S rDNA amplification
of ANAMMOX bacteria
PCR (220 bp)
. PCR -20C ,
DGGE
2.3 165 tDNA  Nested- PCR
DGGE
2
’ 5 DGGE
Fig. 5 DGGE pattern of AOB population
DGGE 2.4 16S tDNA  Nested- PCR

DGGE
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16S rDNA Nested-PCR 3 DGGE
220 b DCGE Table 3 Percent identity of 165 rDNA fragments obtained from DGGE gel
p ,
: 60°C, 100V, 10 h. DGGE
Closest match
8%, ) 45% ~ (A ccession No. ) | %
60% . DGGE ( 6) A AB290690 1 © Enc;](l)t;lrtg\lAbacterlmn gene
or r
’ 43d Uncultured Nitros s
B EF042983. 1 10 ncultured Nitrosomonas sp.
) » clone 6F+1
C DQIEST. | © F;L/l\]lt;rltgl bacterum clone
’ b . P KSU-1
anctomy cete gene
D AB057453 1 R
43 d 65d 110d for 16S ribosomal RNA
e DOTSEHE 1 o7 Uncultured Planctomycetales
0 ’ bacterium clone R12
Uncultured bacterium clone LR A2-16
eband C
Uncultured beta Proteobacterium HB3
Ammonia-oxidizing bacterium NS500-9
Uncultured Nitrosomonas sp. clone 61-1
eband B
Uncultured Nitrosomonas sp. clone 88-1
eband A
Uncultured bacterium gene for 16S rRNA
Nitr sp. DYS323
Nitr halophil
D Nitr nitrosa
Nitrosomonas aestuarii
-Nitrosomonas aestuariimarina
Nitr
Nitr marina
L Nitr ureae
Nitrosomonas cryotolerans
Nitrosomonas tenuis
Nitrosomonas briensis
7
Fig. 7 Phylogendic tree based on the sequences of aerobic
ammonia oxidation bacteria
6 DGGE
Fig. 6 DGGE pattern of ANAMMOX baderia population
Gemmata obscuriglobus
Planctomyces limnophilus
-Pirellula staleyi
2.5 DGGE Lsosphaera pallida
MABR Uncultured Planctomycetales bacterium
Uncultured Planctomycetales bacterium clone R12
DGGE ABCD E bnin
TaKaRa , 5 Candidatus Scalindua wagneri
Candidatus Brocadi idans
GenBank BLASTn _‘_EUncultured anoxic sludge bacterium KU1
3 @ band D
’ : Planctomycete KSU-1
5 16S rDNA s Candidatus Kuenenia stuttgartiensis
Candidatus Scalindua brodae
MEGA3. 0 GenBank anoxic biofilm clone Pla2-48
ABCD I bi i idizing pl KOLL2a
: 7 8 .
2.6 FISH

EUB338 plus(
) NSO190(
ANAMMOX PLA46( )

Fig. 8 Phylogeretic tree based on the sequences of ANAMMOX bacteria

AMX80( ) MABR 110d

ANAMMOX
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, , 3
, (9. .
: (2) Nested PCR  DGGE , MABR
ANAMMOX , MABR
: ANAMMOX :
ANAMMOX . ANAMMOX
, 2 .
MABR , ANAMMOX
2
(3) 3
.3 16S rRNA
m 3109 GenBank AB290690. 1

x|mm]

(Uncultured bacterium gene for 165 rRNA) EF042983. 1
( Uncultured  Nitrosomonas  sp. clone 6%F1)
DQ988297. 1(Uncultured bacterium clone LR A2 16)

.'l"TFnrl'il 05

. ; 1.0
membrane-biofilm interface

) > 99%.
(4 2 ANAMMOX
,2  ANAMMOX 168 tRNA
yimm] e GenBank
e bRl e ABO57453. 1( Planctomycete KSU-1 gene for 16S tRNA)
DQ786746. 1( Uncultured Planctomycetales baderium
clone R12) , > 97%.
nterfac ( 5) FISH ,
20 MABR ,
o ANAMMOX
(a (B ANAMMOX / ,
(c)
9 (110 d) . )

Fig. 9 Model of membrane-aerated biofilm( 110 d)
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