55 30 &2 5 ) 7 iy #l 2%
ENVIRONMENTAL SCIENCE

Vol.30;No.5
May> 2009

ERSEVMERNBRETRERBFARA L ZRER
BRI R

IR gk TR B OE?, e
(1. TN R Rl 5 b, Kk

eBt, KIE 116024)

WE: 3T 168 1DNA F& B 4> F AW 2% 77k, WE 17 .9 | 78 B A& T2 1 g < AR W) IR % Y. 2% ( membrane-aerated biofilm
bioreactors MABRD P 1) 2 /> 32 B8 W TR A (2 804 B R DR A0 20 AR A 11D 2 18] PR 90 1) 41 FH G 2R R AR I b ] 1) 2 ) 43 A b AT
WS 986 A4 AT 45 A W, WS 1B S DR - BEAEAE 2 D RN D RE ), — AN R SR g AR IR AS AN AL B R
BRI, 5y — IR FEE A AR A T DA S A B SR AR T2 S A T D IR A B A B B N R SAE B L 2 A = 32T
BT, AT TR A AR A R [R) VR FH 2 FR A W T S TR B0 2 1 73 I it

SEHRIA: MR SR N B N2 s SR IR s PRA AL ARG AR

FESES:X173; X703.1 SEKARIRES: A XEHS:0250-3301(2009)05-1461-07

1160245 2. ALIEIEYE K2FKBRHARTIE e, 638 110875 3. KGERE T K2# 3R 54

Ele

Functional Microbial Community in a Membrane-Aerated Biofilm Reactor

Operated for Completely Autotrophic Nitrogen Removal

BAO Han', ZHANG Wei-dong' , GONG Zheng’ s XUE Yuan’

(1.School of Biological Sciences Liaoning Normal University, Dalian 116024, China; 2.College of Water Sciences, Beijing Normal
University, Beijing 100875, China; 3.School of Environmental and Biological Science and Technology, Dalian University of Technology,
Dalian 116024, China)

Abstract: The 16S rDNA-based molecular technique was applied to investigate the functional microbial community of a membrane-aerated
biofilm bioreactor MABR) that was used for completely autotrophic nitrogen removal over nitrite (CANOND . The relationships among two kinds
of key bacteria responsible for CANON: aerobic ammonia-oxidizing bacteria (AOB) and ANAMMOX bacteria, and their possible distributions
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 partial nitrifying layer located in the region of oxygen-rich membrane-biofilm interface; dominated by NSO190-
positive AOB. The other was the ANAMMOX active layer located in the region of anoxic liquid-biofilm interface, dominated by PLA46 and
AMX820-positive ANAMMOX microorganisms. 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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Table 1  Frequency of sampling and relevant parameters of membrane-aerated biofilm

IEA7 I IR JIEE P9 Js s 7 B AP K A A W) /mge L
d /MPa /mg*L~! NH; -N NO; -N NO5y -N TN
0 0.4 8.2 135.8 3.2 62.4 ND
20 0.015 0.2 102.85 67.2 18.9 191.5
43 0.015 0.1 106.0 87.8 2.2 197.6
65 0.015 0.18 62.5 62.3 14.7 142.2
110 0.015 0.55 26.8 3.6 19.7 52.3
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JREHEE A= M PR oy 1) FOUAR B2 L 40 T KL DNA B2 HX
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(pH 8.0)VEM T WA, — 20°C IR AF .
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¥ PCR 9 38 7= KN 2 1 9% (W B NE R B8 fie FL vk
FEEGAIE, UK 45 FF 100 V, 30 min, HLUK 22 /1N
0.5 x TAE 22 M .
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KA 51 Cily GC 1 IR 17 51 470 P33sf Al
S5 149 PS18IEATY 14 .2 & PCR 4 34 7= K/
L5 19 1) B T i vt 10 P Sk ARG 00 3601 5 P9k 2% 1 100
V30 min, FIKZEMCN 0.5 x TAE 2T
1.6 ZBVERAEER Bk (DGGE)

KH Bio-rad 2 A 4E 77 [¥) DGGE %< & XJ 5 2 %%
7 GC KT PCR P W) EAT 43 Hr . 28 R 0 1k Jre A
PREE M 8% , R MERL LN 45% ~ 60% , it i
60°C, L% 38 V, 1 x TAE Z& i Hdk 16 h J5, H
SYBR Green 1 #% MR 4% (% ¥ (1:10 000 % B J&,
Rockland, USA)Z4 {7 10 min, 28 i 37 B £E 58 4 B SR
(VilbertLourmat, France) [ Wl 22 I+ HEAH
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(I b, 45°C A 0 AR b [ AE 4803 v
b ARG 5 I 50% « 80% M 1009% &I % il 7K 3
min, F AR BEAT 2 A2 TG T 0 1 2% A8 2% b ik
[20 mmol/L Tris-HCICpH =7.2), 0.01% SDS, S L4

PR Tt fhe A 2 AR T 1 5 1, K 2% A8 22 b VRN P
CH9REL Cy3 AT Cy5 4G MIRETTE 2238 28 vl
R 20 ng/pl, T 5 2GR Fluos 455 IR
B2 A M P IR FE A 50 ng/pl)FAARRLE 911
WG ST RE L ARG SRR R AR G A 46°C AR AT
90 min, T HHEREF R AE S AT i 2 TR
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Table 2

16S rRNA-targeted oligonucleotide probes

TRE etk BRI CE . coli) N/ % NaCl /mmol* L.~} Frid SCHER
NSO190 AOB in the (3 Proteobacteria 190 ~ 208 40 25 Cy3(4r () L13]
PLA46 Planctomycetales 46~ 63 30 159 Cy5CHE ) L10]
AMX820 Cand . “ Brocadia anammoxidans” 820 ~ 841 40 56 Cy5CHE ) [14]
AMX820 Cand . “ Kuenenia stutigartiensis” 820 ~ 841 40 56 Cy5CHE ) L15]
EUB338 plus Eubacteria 338 ~ 355 20 170 FITCC4# 1) L15]

IRATEE A HIE M 2 0B 2 AT N 2 0 54
BV B3 s LA 25 R 28 38 MR BT AN 2R 42 22 b
W IFAE 48°C/AKE I 10 min, S8 J5 FH UKV (1) 21
ISR FAR KT 2R A8 b il >R T IS SR AR O 4
1 H1 5% ( CSLM, TCS-SP2, Leica, Germany) M %%, €14
KH Tmage pro Plus 4.0 BAFFEAT S50 #7 .

2 HZR5IE

2.1 ZHAEALANTE 16S tDNA Nested-PCR 43

K H Nested-PCR 5 AR XJ 224 Ji Py 1 28 46040 4
P 16S rDNA LA [R5 5358 70 1647 PCR 971 . il
5 1 % PCR R SCHRIRE 1) AOB 5 515 19 CIE )
519 CTO189ABSf F1 CTO189CS, X I 5144 CTO654r) 1k
Ty 48, I a1 s

Marker 04d 20d  43d

65d 110d

500 bp —»-
250 bp

465 bp

El1 SEHEHE 165 rDNA EEEIE 142 PCR ¥ 1874
Fig.1  First round PCR productions of 16S rDNA amplification of AOB
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Marker 04d 20d  43d
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B 220 bp

100 bp—»

El2 SEHEHE 165 rDNA EEAYE 2 4 PCR ¥ 1874
Fig.2  Second round PCR productions of 16S rDNA amplification of AOB

AT
2.2 RARSAIANE 16S tDNA Nested-PCR 41

K Nested-PCR $7 A A9 i 4 11 IR 48 2 4
LA BE IR 16S rDNA FEA] 145 5358 40 64T PCR 9715 .
551 % PCR AW IERE i P 40 1R S DNA B4R, SR
FHSCHRFRE 111 ANAMMOX 41 17 [¥1 45 55 1% 5140 CIE 1)
519 Pladof F1 S 7 514 P518)REAT PCR ¥4, 47 3
K an 18] 3 Fros T LU e, SRH ANAMMOX 4 17 (1)
BSR4, X 5 AN AN ) B 35 £ A6 0 ISR v 4
(LI DNA BEATH 3G, A 7R 5 43, 65 11110 d
(102 ) L RE it rhon] LAAS 31 5 T8 K/ (478 bp) AHAT
(e S e 38 1 BE, 1T 7E MABR 5 56 B2 Bl R A 4k 75
P o DA 20 d BIFE a9 A BH R I3
B4R B IX AR U MABR ZE) B 1T ANAMMOX 41
WK H MABR 7 2% 43 d W OB Rh I S B
ANAMMOX V57 .

DA% 1 % PCR 738 7~ W) 4 BEAl, SR AT GC
R LG A R85 1) P338f + GC Al PS18r 1EAT
H2 % PCR I, a5 KWL 4. vl LU S 5 2
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Fig.4  Second round PCR productions of 16S rDNA amplification
of ANAMMOX bacteria
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AN G, BESE IR H IR AED A B TR
YRGS AR 2 B th 2 AR R AR AR, P
AR AR 72, it DL SN 88 HE 7K rp 3 Ak & 09 B
(AR DA R 5 J I i Al A4 0 T T 285 ) RN A4 R
A TR A PR AR AL AR SC TG . DA Lk ] LASE 3o 4 BT Th g
PR ) N #4532 47 (1) AN [) 4% 4 I8 () DGGE #8 8C I
T SR E D T VR B A R A 5 RO s K

BA G DR E AR Z R ER R
AN 168 IDNA £ Nested-PCR 47143
3T 220 bp oA 19 v B 8 ) DGGE 43 B 4%
FF24: 60°C, 100 V, 10 h. 2R TA s 9k i 458 12 1 A< 32 Oy
8% » AL 1 B JE 22 0 TS G, B0 A 45% ~ 60% . M\
AEMHE DGGE fa 8l K i (&l 5)nf LLE i, 5 W%
Bl ) B N4 o DA LE, 25 20 d AITKIE P F 455 5
I S gD, K U0 B 4 el 1 A A v U T I S AR A
TR =F e, (F B O PN s T ) (038 T BRI, 108
ATAEE 20 d ¥ BV 3 P ) 2 A A vl R 8 B A v it
U RS ) AR T R A T AR AR 4k L b s S RV X
IV B EARI R SR A R ARSI 1T, (B5E 43 d B
P T PKOE RSS20 d A2 IECRE & 1R Vo 1 1) 4% i
AL, 457 A RISkl BARERINY 2 FEB IR A7 AT
TN, AT A N4 B S A0 # e s iE
AR R AR 4 1, 2 RN SRV i A s AT i 72
Tl NH, -N A6 A NO, -NI 3 ZE D BE B 5 FE P 1) 1
g e 4ty C AR MR, BE AT B N 25 4 fift 0k
IBRARAE S 20 d W5 2% AHAE ] N 481817 32 65 d I
DB, HED 517 ¢ AR M 1R BB AE e N 2% P A7 7E
PRAAEEA T IR 25 A AT B A 2 A AR

0d 204 43d 65d 11od

5 SSEWLEMEH DGGE E 8 EE
Fig.5 DGGE pattern of AOB population

2.4 JREFESEATE 16S tDNA ) Nested-PCR 1477
Y DGGE 43 #t
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B3] T 220 bp 22 A P 7 B, AKEE Y DGGE
I SAE N 60°C, 100 V5 10 h. 28 VA i 19 M 458 B 11
WREEN 8% » A0 VEB I 28 1 TS 56, 1 o2 4 45% ~
60% . \IRAE A A A DGGE i 80 1% (& 6> v LUA
o RNVERESE 43 d FRREERN IR RO R AR 2 i TS
VEBEAT [ VAR IAT, PR R AL T — e 14k, 5 2%
TR AFRMA L 2R EB T B R E S A PRIR
A AT, 2 &4k D 4Rl E AR A

434 65d 1od

6 RESSAMNLEME DGGE fEL EE
Fig.6 DGGE pattern of ANAMMOX bacteria population

2.5 DGGE #4415 (10 P Fl R G K & b

73K MABR 1217 5145 B 77 A 2 A e ) 3
B DGGE 45117 ABACD Al E [F1g, JE5 45 30 16 A B
1% %) KI%E TaKaRa £ A 70T, K43 2010 5 AP 51
535 GenBank (45 i O A7 /5 134T BLASTn 43
M s, 25 R W4 3.

LIAFEII) 5/ 16S tDNA 2 K7 51 ok a4k, ) H
MEGA3.0 %A1 # GenBank £t 2 43 73l 55 0 #4141
ABACD A E [R5 PR () R 41 14T e R s
P RGN, &5 L] 7 R 8.

2.6 AEYIIEFE N FISH 73 H7

M e 0 A T PR 5 P BT EUB338 plusC
) AR S A AN 40 B TR R S T PR BT NSO190C 4% 1)
A ANAMMOX 4 B 1) 4% 5 PEPR &1 PLA46 (41 (5 i

%3 DGGE EZEXWRIRMES
Table 3 Percent identity of 16S rDNA fragments obtained from DGGE gel

DCCE R
St Closest match JE 5 AR AL ik
(Accession No.) 1%
Uncultured  bacterium  gene
A AB290690. 1 929 for 168 rRNA
B FFO42983 1 100 Uncultured Nitrosomonas sp.
clone 61-1
Uncultured bacterium clone
DQ988297.1 929 LR A2-16
Planctomycete  KSU-1  gene
D AB057453.1 °
057453 % for 16S ribosomal RNA
E DQT86746. 1 97 Uncultured  Planctomycetales

bacterium clone R12

Uncultured bacterium clone LR A2-16
e band 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 rIRNA
Nitr sp. DYS323

Nitr halophil

Nitr onas nitrosa

Nitrosomonas aestuarii
-Nitrosomonas aestuariimarina
Nitrosomonas oceanus

Nitro, s marina

Nitr ureae
Nitrosomonas cryotolerans
Nitrosomonas tenuis
Nitrosomonas briensis

7 FEEFRLEMNREHRLHIN
Fig.7  Phylogenetic tree based on the sequences of aerobic

ammonia oxidation bacteria

Gemmata obscuriglobus
Planctomyces limnophilus

-Pirellula staleyi

T ) a1,
/% @ p

Uncultured Planctomycetales bacterium
Uncultured Planctomycetales bacterium clone R12
@ band E

Candidatus Scalindua wagneri

Candidatus Brocadia idans
4|_£ Uncultured anoxic sludge bacterium KU1
o band D

Planctomycete KSU-1
Candidatus Ki ? tgartiensis
Candidatus Scalindua brodae
anoxic biofilm clone Pla2-48
bi i idizing pl KOLL2a

P

E 8 REIALBERRFHLMIT
Fig.8 Phylogenetic tree based on the sequences of ANAMMOX bacteria

AMX820C ZL{4)%F MABR 28 110 d I ZE IR AR 304 T
ZAT IR FT B B G A = A A 4l T T ANAMMOX
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Fig.9 Model of membrane-aerated biofilm(110 d)
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(1) Nested-PCR 1 DGGE 25 R & B, & S AL T 11
TRt &5 R A BB AE MABR 3817 AN 7] B B AN T -
FEBRAE S0 T 10 M A 19 2R R SR B, B A v i Lk
JEE P 320 T AR, I M 2 A B 1 119 2 A T T P
Ko ) B, w28 2 Bl AR S K4 IR A
BB, B MABR % FFIREEF T ANAMMOX V5, 24 40
TR TE (0 FRARE 45 4 T IR A R A, AE R N I8 AT &2

65 d» — AT R 2 S B 1R DA LR I AR B A )
RN AEFRE AT 2 A R A L 21 MABR R 4¢
o B SE RN I = A R 2 3 R
K.

(2) Nested-PCR 1 DGGE 45 2R & W], MABR 1E i
SUE R R #h A R B B AR B R AN B A
ANAMMOX 41 15 (1) 47 7£, H % MABR #¢ 7 K 4% Fh
ANAMMOX 75 Y6 Ji » 74" 75 JBE 1 7 A2 ) s oA A i 31
ANAMMOX 41 1 . B W A ) ANAMMOX 1 ¥
SER B SN 2R AT IR W B AR AR AR e B AT B
A IR T2 MABR &G, ANAMMOX & #f
B 2 R P ALK

(3) XA I 3 b E AL AR I RGE KA 7
W W], 3 M A AL B 2> 16S TRNA JE P Fe 41 73
M5 GenBank % #5 B 3K 504 AB290690. 1
(Uncultured bacterium gene for 16S rRNA) . EF042983. 1
( Uncultured  Nitrosomonas ~ sp. 61-1 )
DQ988297.1( Uncultured bacterium clone LR A2-16) [¥]
0 AT PR B R PP 91 S AR, AHALE > 9996 .

(4) XPRTIN 2 2 Fh ANAMMOX 40 14 1) R 48K
BN R, 2 Fit ANAMMOX 48 B (1196 43 16S rRNA
B 51 53 0 5 GenBank U J5E v B 5k 5 A
AB057453.1C Planctomycete KSU-1 gene for 16S rRNA)
1 DQ786746.1(Uncultured Planctomycetales bacterium
clone R12)4H B 12 PR 17 91 e ARARL, AHARLYE > 979% .

(5) FISH 45 R L W], 7EA8 € B AT H 2 H TR I A
T ZH) MABR R8T, B RIS A I B A0 T 12 2
HH 2 A T TR A ANAMMOX. 41 7 4 B A1 T L 2 48
F BT AR WA AT IE SN 2 A R a5 R B
I PR IR P SRS A A B B A AR AR I N
RSB/ A A M T 1) 2 X 3, 1y IR A 2 S A 4
T D) 32 S0 A1 A A A IS P S S K A F Bt S R A
D)3 XA BN SR I Oy R R A 2 ST RE
P T 7E USR5 oy FE AN B A I v 5 A 3L/
AR 5 2 T ORALE 5 288 v 1) 1 77 0 Uk
SE k-
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