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W O ATHRLHENNEREYRAPRAGEHNHELHBENARNER, EXBRASKEERARGTLA
WS Ke EBRH AR R R, A FISH,PCR-DGGE 1 PCR-% B /¥ 5 ( Cloning Sequencing) 7+ F & ¥4 ¥y
%3 SBR PIRRAE(ARBERY Sam’® )L BT R ELE (AOB) MM B LB (NOB) #HITE 5 €/t
447, FISH SRR, FERRA A%, AOBHEF NOBER VABHRAHE, S EFEBMN 3% ~12%;
H® AR LY NOB. PCR-DGGE £ 2 % 8, SBR A RBM B Pk ZH ) AOB ¥ Nitrowmeaas like HE. 151
$£ 5 89 PCR-Cloning-Sequencing %5 R % B, T 8 M LT Nicroscrnonas, H9 60% 4 L85 2 ML F Nitro-

somonas europaea .

X8 SBR; R4 % WA, Fish; PCR-UGGE: PCR-REF]
hE4SHE, X701 XHEPRIRE: A XHEME . 0254 - 0037(2007)08 — 0843 - 06

EERE T RABMS BHES, ZAKGHEEFRAARA E™E, MRERTISKLEHE B NP £
BRELFEAE, RHEE C/NRITBEKHRAREERA Y SIMT B KAL) BfRe g8, &
BEYBRALZHTAAVARE. TARESHEA £— S8 E LRBIMEK C/N BKR X B 77
%, B E R AE AN KA BT RAADY. BN RERLPEMNEREYR AL HEEHHRT,
BAOWRURATZ N HOMRILE B ITSM N, RAOX “MAEY ERRRE T B Ry iHE
REM . EERRERBYUS TEDEFBRAGHSROFHBEMTRETHNERZE, URE
B 8% 2, 5 I (polymerase chain reaction, fa] #% PCR ) #1 3¢ Yt i {i %% 32 (fluorescence in situ hybridization, {&] #f
FISH) AR BH S FEWE SRR R TS5 K EWLE RS AL 8 AR I E A STHR YRR E .
HT RS T REEALH (ammonia-oxidizing bacteria, {8 Bk AOB) 1 1 7 B8 £k & 1k B (nitrite-oxidizing bacte-
ria, Rk NOB)Fi KB BHE LA EEHEX THEH AR REDEENDSEL, AL EEMEER R R4
RO ER L, SRR BN ENHARRZ R

1 REMEFTE

1.1 RBREEEETHIR

RE AR AR TR ATIS KT # i oK, IG5 AT R IR B XI5 KT W RIS I, KK 1%
%1 PR, KRB PR NS TR KEE HUTR ML, SBR 2 5 a8 it ik d 80 &, P9 8RB
MR, RS ERARN 4’ , FEWE 1 iR, ARARIES, A TESIREORE, SRHAZE
KM TR, KRR BRI A KR H 5, 2K BB 7T 3E a7 R A e ), L vl A
. YK RERE, S IL#KE, BB RANETRR, HER RN 1.44 m’/min; WL R4

Wedi H #1. 2006-12-05.

BEE&WH. BRAARZ"EXEES AR B (2004AA601020); EF B R El 5 4 B XERR S IR H (50521140075) ;
“+— R ERFHE T R(2006BAC19B03) ; ER H AR E S ST H (50608001).

EERM: B KO979-), B, BRITMREAN, ML E.
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WE, RN LB, 58 2 WK 3F g S K BE RS R A RK P AT E Rk, KRR N
WE, s SRS EXHTTE/MREASENHE AERNBMEK, BE—RKEWHLIEE
HREBRMEARZFEAHARE. BEMR AR RBEEHEH B REZT RSB RRITEH
BHE AT, Z 5@ KA HEK, HEKZ RS AR BN B SEHAT M. 2K TFHERE
EIEHI7E 2 500 mg/L 4, 1I5RE N 12~15d.

%1 RBRAKKEMEL

Table 1 The character of experimental wasterwater mg-L™!
Pso0n PNH, -N PNo; -N Pro; -N PN
120~210 40~ 80 0~0.9 0~0.3 45~100

A TR
e

B il AR R &

Fig.1 Schematic diagram and instructions of the pilot-scale reactor

1.2 RBHIFE

REABE 10sEW 1 KELSH, €1 pH {H . ppo- F AL I JF B fif (oxidation reduction potential, f&f
RORP), H M B H AL REFE 30 ~ 60 min AR, BEFREFEMNESKERH 050 PNH, N

PNO; -N> PNo; -N» pn: PH {H, ool ORP B R F #8E WTW 2 F]#Y 1Q sensor net system184 R3|EL

R RAEEFNE.

1) FISH X EBHFRH

# 8 Amann MBRIEF LT FISH M. REAREI BN 4% S BPREW, ££4 C FTHISRE
mEE 2~3h. MEETEMIFREGRETEE S 1 min, REHELFHNEARQBEINRES L, &
ZERTRE, BHERRETEBRSECHY 50%,80% M 98% 4 ZBAEBHHAKE 3 min. REBHEL
1% 0.9 mol/L NaCl.20 mmol/L Tris/HCI, FE 5 ¥ % 0.01% B9+ — 55 5 B (sodium dodecyl sulfate, 8
FSDS)MEBE (B2 BNE2), pHEN 7.2. HRAIFICHERTREHERT RZEMHP, £
46 CTHIRRAMMAT 2h. RANEGERKRATI TR 2. £XEHG, RHERENEE 48 C THEB
20 min. ETREHHES LR MR T FERE, A OLYMPUS BX52 B35k B & G5B RHEL
A 20~25 KB A, T Leica QWIN {178 B 7.

2) PCR-ZEYE 44 BB H 1K (denaturing gradient gel electrophoresis, {8 Bk DGGE)

% Fl FastDNA spin for soil i &3i# 1715 B & DNA 2. PCR 51#% A AmoA-1F-Clamp(3 %
B #3514 5'-Clamp-GGG GTT TCT ACT GGT GGT-3")fl AmoA-2R-TC(H X K% 5'-CCC CTC TGC
AAA GCC TTC TTC-3"), ¥ R1EY 1 AOB. PCR IR & H(50 pL)f815:35.5 uL B4H7K ;5 L. PCR B b ifk ;
1 pL IER 5] #9(50 pmol/pL) ;1 pL KA 5147 (50 pmol/pl.) ;0.5 ul. 5U Tag DNA B &8 ;5 uL dNTP(1.25
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mmol*L.™");2 ul. DNA ##i. PCR K B % {%#:95 C T 10 min, 35 MEF(94 T T 155,55C T 205,72TCT
2 min), BJ5 72 C TEM S min.

%2 Fish 2P RANEZEREH
Table 2 16S rRNA-targeted oligonucleotide probes used

e wagy/ % FHARICY oh IR S
EUBmix * FITC JLF 2 & Eubacteria
NSO1225 35 Cy3 Ammonia-oxidizing B-Proteobacteria
NIT3 40 Cy3 Nitrobacteria
Ntspa662 35 Cy3 Nitrospira

* EUBmix i EUB338:EUB338 1] :EUB338M =1:1:1 RAAM, HFERBKE R ZHEH, THFS5HRANS —
F B RS BRI

F F % H Bio Rad A A # Dcode System il Z4E % AmoA PCR F=#3#417 DGGE 447, 2+ 5IHE& 2 #
B EH 30% F0 70 % B BB IS AR A, 7E 100 V.60 T .1 X TAE B M F1iZ%F (Sh. Vistra Green B
5588 20 min, 285 7 FluorImage 595 BLR R4 HitiTME .

3) PCR-5iF& ¥ % (Cloning sequencing )43 #f

PCR 3|# R FIHRHER AmoA-1B{ZH [FFJ7 5-GGG GTT TCT ACT GGT GGT-3' )l AmoA-2R( %
EFFIH 5-CCC CTC KGS AAA GCZ TTC TTC3), ¥R 1¥EY 18 AOB. PCR IR & (50 L) B 15
35.5 uLBAEAK; S 1 PCR W H; 1 pl 0.25 pmol/L IEM 3 ¥;51 pL 0.25 pmol/L K 18] 51 #1;0.5 ul
1.25U Taq DNA B4 8§;5 uL 0.2 mmol/L dNTPs;2 uL DNA B, KN &R 2).

PCR ™#% B QlAquick PCR purification I &#T4{L/5, 5 pDrive Cloning # {kif#k. HAHKE
QIAGEN PCR Cloning XM &AHF A QIAGEN EZ BZ 5. BEALRBREHRATEHEFETEB RN
BEARIE TR, 76 37 C T1E5% 18 h. @ M R R . Sk A M13 1E [ 510 [0 5|4 B %t
PETRE A E AmoA B K BURITHE RAEY Y, 8 B AR M SR B H ik # 3& M13 PCR 7™, M %L 8 4
FH ¥4 ST RE 1A (ES, E9, F8, E12, F11, F12, C9, D8)#) M13 PCR =41, & ABI3100 Zt & il F¥ {3 # 17 i FF 4
7. A Auto Assembler 3K {4 3 il F 45 R 1T HE B R LB MY heep: / www. ddbj. nig. ac. jp, F A
BLAST search 3 {3847 H ¥r A 5 F 25 B FE v B & R S A9 MELUME S 7. 2% BLAST M7 45 R, B &
% AmoA B E 5, B G & HIFF A M X FFIH FASTA # X #5304, 3B M5 htep: / www.
ddbj. nig. ac. jp, K ClustalW {817 HARF SRR LA HFBLEAKELEN.

2 BR5SH

2.1 XHBHAKXTEREYHANTHSHE

5T RSN, MBI SBR A LS IM AN, A RUE BRI, WA T T
LAY A L B S 9 ORP oo M1 pH (A BRI B AR ERT T X REBF A7) fEAL R b, Ak
o R F 5 B3 K SR 5 £ L/ SR A TR B R0 OIS BT T AR,
3 WCHEKH) SBR RS BHRILE B LTI psoons pum? -+ oo v+ oo, P FIHVEE (L SLAR B AL B3
H (AR H9% 4018 TP 2. 407 SURCAL R AT 8) 30 min B, 4 YL49 KRR RS2 AL, JR 2 pHL 12 b
ST LA TR o &, 25 HTH b & c K .d ATH AR SN BERILT LN A BRI
#5470 8 R KRR T 98.2%, M1 LIS T AT M IR LAR, & BURY
L LA RB TR LA 7E 95% B b SERT M RAB A L9 LA SR E W R, B3  NOB 271 2
AOB 2 TERBRARS 77 T 2 ¢, R G, 0 5 1 3 L0 L 52 LA 2 T 45 L 8 5, S A B 47 7
B, B AR, BE T (RAE SR E 2 B, SUBH L T RRERRY 34— UL, TR L JEOU L B
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. FRRSRE/IFEGSTHEALMR T ERMAEANSH, G REBZFHTFEE AOB &R
H NOB $RATHK & i, B AOB FERLE P oy LRI BA KR &, SFRAR A RAERH. N T EMERS
ZREPIRKRENTLEBOSWMBEERE, HT T —RI0 FEYFRR.

2.2 hiRFRSA AOB 5 NOB ) FISH ER TSR

SBR SRR R A G H FISH & RATER K AOB & BE I 3% LI £, NOB Mt 2, JL
FRAERY. FISH £ R REY, ALMRIEARERT 80% /5, AOB T IEHEIT R H B & #1 L 41 5 L/
MR RE AW BN, 5 AOBMIL NOBER VA BH KA HR, KECTANRLETEK
NOB.

2.3 AOB 8 PCR-DGGE 44 R
SBR FiREBEY R £ DGGE 4 RmE 3 Bk, FEHE 4 M5 RERTFITH, SRER
DGGE #&H# ) EIEREF.

40r 82
, "Pscop =" Pnmi-N =t PhooN 70

74

20+ &
7.0

30 %~50 %

6.6

B2 LEHEHRAT SBRERABRKAEL
SPE LR

Fig.2 Nitrogen removal efficiency and the on-line control

¥

B 3 DGGE B4R
Fig.3 DGGE gel results

parameters’ variations with the real-time control

mode

H1F PCR Iy Hi7 55| & AOB MM EE & B AmoA, B It DGGE B LARiEM FERXF LR T
AOB. 1515 DGGE &4 8945 S 39 1 BLE R MR 30 % ~ 50% AT B M, RIE ST BT, it
FMETHALERAWRFN BT Nitrosomonas-like'® . B1F DGGE & RIREEAE S RERM, ik
FEH KT LHE AOBHFE. MERBEHRERMB NG R, BTEVH DGGE &7, 4EH# 1T PCR-
DGGE-TH 7514 ¥, N8 & AOB fyfhE.

2.4 AOB i) PCR-EREFFIFthER

3t SBR ik 2 W88 615 Je ¥ b # 1T7 PCR-EREFFI40 47 . T PCR 31989 B 15 F 512 AOB 1 Z16E
HH AmoA, E M FEYE SRR SMEEE K BH AmoA I, Ml FF 4 47 K 7 5 3t 4 4 88 & 41 % AOB Y
AmoA M FF. PEER 8 Mtk %REHk (ES, E9, F8, E12, F11, F12, C9, D8) #1745 S3# 1T BLAST search
M IE 0T, 5 M. 88% () E8 B F I AHML T Nitrosomonas europaea ;82 % #1 E9 EHFHHEMUT
Nitrosomonas sp ;88% ] F8 2B FE UMl F Nitrosomonas europaea ;88% #J E12 EHFFIMLTF Nitro-
somonas europaea ;88 % (] F11 B ZE K ¥ 5L T Nitrosomonas europaea ;88% #J F12 EEFEFHLT Ni-
trosomonas europaea ;84 % W9 C9 Bl 5 5 # L T Nitrosomonas sp; 98 % # D8 K ¥ 5 H Ll T Nitro-
somonas sp. i E B EBEAHLTF Nitrosomonas, X5 PCR-DGGE AHEREE—H, HP 60% LU LA
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HLF Nitrosomonas europaea . FF ClustalW #1T B iR FFIM M X FIIHT AT F BRI RZAERE
%, A 4 FR.

Methylococcus.capsulatus.pmoA
Nitrosolobus.mnhitormis.C-71.

Ns.tenuis.U76552
: NS.Sp.NpAV.AF032438
— Ns.sp.AHB1.X90821
r———DGGE.band.w627.AF353250
—— DGGE.hand7.AY 177395
DGGE.hand7.AY 177395

Ns.briensis.C-128 U76553
Nm.marina.AJ388586

Nm.trrea.AF271403
Activated.sladge.clone.AJ23855
Activared.shudge.clone.IN.AF420
Nm.oligtropha. AF272406

Activated.siadge.clone.SP-9.29

—E9
] L—_——09
Nm.sp.Nm41.AF272410
Nm.comaumis.AJ298705
r DGGE.band.w537.AF353244
Activated.sludge.clone. AF42029
Nm.nitrosa.AF238495

D8
| E Nm.enropqez.C3i. AB070981

Nm.europrea..0£050
l—__ _____ ENm.eurcpa\ea.(‘,‘;‘ 1 ABG70081
-‘_i Nin.cutecpna.U51630

_{EIZ
F12
E8
F8
Fl1

4 R AOB AmoA EERVYMEAZLER
Fig.4 Phylogenetic tree generated by using AmoA gene of AOB

3 it

1) NAEKARN 54 cm’® 89 SBR A KRB A RIS KEREYRBH#T T FARR. HEdR
RSBk ZBRE/FENZT IR, G463 BERER, REERIESREREE 8.2% &5 b,
BINER T EEWL, R VBEHEESE 9S% L.

2) REANELBER R LER THEBEYHA MAESERB LB AET " R"WEL. KA
FISH #iR 2 B R4 M AOB.NOB # 17 T ¥, ERERH, ERHEMNEHHERT.AOB & SEHY
B 3% L, NOB Bk, LFBAR L. XA AOB B B AL B P A4 X R A B 7, NOB & #7
Bk

3) R PCR-DGGE X 15+ & P #] AOB M 4 E 87, DGGE AR B R AR EMB R REFH
AOB Y3 LA Nitrosomonas-like 3 . 15 I8 # i ) PCR-Cloning-Sequencing %5 R $5 /% Fr A 8 7 B& 4 L T
Nitrosomonas, 5 DGGE R L —H, HP 60% L LA TTEMLLT Nitrosomonas europaea .
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Quantitative Analysis of Nitrifying Communities in Short-cut
Nitrogen Removal From Municipal Wastzwater of SBR

YANG Qing', PENG Yong-zhen', ZENG Wei', YANG An-ming', Hiroyasu Satoh?, Takashi Mino®
(1. Key Laboratory of Beiiing Water Quality fScience and Water Environmental Recovery Engineering, Beijing University of

Technology, Dewing 100022, China; 2. lnstitute of Environmental Studies, University of Tokyo, Tokyo 113-8656, Japan)

Abstract: To investigate the effects of real-time control on the structure of nitrifying communities of the
short-cut nitrogen removal in SBR pilot-scale plant with a working volume of 54 m*, molecular techniques of
Fish, PCR-DGGE and PCR-Cloning-Sequencing were used to analyze ammonia-oxidizing bacteria (AOB) and
nitrite-oxidizing bacteria (NOB) with the performance of short-cut nitrogen removal. Fish results show that
in short-cut nitrogen removal process, AOB became dominant with compared to NOB and accounted for 3% ~
12% of the total biomass. More importantly, no NOB was detected. PCR-DGGE gel results show that AOB
were phylogenetically related to Nitrosomonas-like species with a melting point at the range between 30% to
50% . PCR-Cloning-Sequencing results show that all clones were affiliated with Nitrosomonas corresponding
to DGGE results and 60% of the clones were affiliated with Nitrosomonas europaea .

Key words: SBR; short-cut nitrification-denitrification; Fish; PCR-DGGE; PCR-Cloning-Sequencing



