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Competibacter phosphatis | Ay Denitrifying bacterium | Acinetobacter J2 #8743 Uncultured alpha proteobacterium O3 S W TR IR R 45 ) kL AL
EBPR %4+ s G A B 258 Uncultured Chlorobi bacterium 45 Uncultured alpha proteobacterium. AERR A IR SR 3 0 Bk 4L EBPR R4
LA 2273 FEEIN Candidatus Competibacter phosphatis( ;ﬁ‘é#ﬁ%) Yj Uncultured Chlorobi bacterium ( B W ) B EESUR HIAE. IRGIE+F 2
R L 51 4 3 55 T 3 JRBUREAL EBPR R 48P Candidatus Competibacter phosphatis fI¥EK | 228 FO R B8R W TR IR DT R LU B AR G A 5 19 4%
144 FTF Uncultured Chlorobi bacterium #4K: | NI 45 B TR Ak EBPR 2 48 4k 350 U AU BRI RCR.
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A study of microbial diversity of granule-based enhanced biological phosphorus
removal systems cultivated with ratiometric propionate and acetate as mixed
carbon sources

JIANG Tao"?, SUN Peide" *, JIN Jun’
1. School of Environmental Science and Engineering, Zhejiang Gongshang University, Hangzhou 310012
2. Environmental Science Research and Design Institute of Zhejiang Province, Hangzhou 310007

Received 10 January 2012; received in revised form 9 February 2012 accepted 5 March 2012

Abstract; A series of mixed carbon sources with different ratios of propionate and acetate was applied in granule-based enhanced biological phosphorus
removal (EBPR) sludge in SBR reactor. Microbial diversity change during the granular process and functional bacteria competition under different carbon
sources were studied. Significant microbial diversity change in EBPR system was exhibited during granulation. Uncultured bacteria previously dominated
in the system disappeared rapidly, while uncultured rhodocyclaceae bacterium and portions of candidatus competibacter phosphatis, denitrifying bacterium,
acinetobacter and uncultured alpha proteobacterium were gradually washed out. Uncultured chlorobi bacterium and uncultured alpha proteobacterium were
the primary phosphorus removal bacteria in developed granular EBPR system. The change of bacteria population of candidatus competibacter phosphatis and
uncultured chlorobi bacterium was evidenced as a result of microbial diversity under different ratios of mixed carbon sources. The population of candidatus
competibacter phosphatis increased monotonically with acetate concentration, decreaseing the system phosphorus removal efficiency. Meanwhile, the
population of uncultured chlorobi bacterium had a positive correlation with propionate concentration, which maintained good phosphorus removal efficiency
of the EBPR system.
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1 5|5 (Introduction)

TEPKAL BT 2 i Fe e e 25 T TR R T e
TR Y 2 i A B R E AR T RS R A
PR (Su et al. , 2005) . 53538 15 Je AH L , X 2L 40
RAL TS DAL B AT 4 A BU% DT TR RE4F A2 W)
WRBE R L Bt AT RE ) 9 A5 RR R (Wang et al.
2007 ; Jiang et al. , 2006 ; Liu et al. , 2003) , T 7E
kAL B R TV Z2A0H. A 20 4 80 AUk
BUORLT5 P AR, 15 e ORLAL B AR A W I 2 5z
TEMBEK WAL BT 2, DL BR 5 o e i A
ML) 4 N R B ) 5 ( Adav et al. , 2008 ; Liu
et al. , 2004).

s A6 A 9 % W% ( Enhanced biological phosphorus
removal , EBPR ) 124y H 1ij 5 28 B H IR 358 A 4 (1 B 9

20, B8 N TR K AL B, AR R BN
SMRZWFFERI H 15 I BORLAL R 5 EBPR R 40
T 245G R A A & s A7 R e 1k ST FE M (W
et al. , 2010; H BH 5%, 2008; Dulekgurgen et al. ,
2003). 41 Wu 45 (2010 ) DAFEHUE K 15 5% T %
WAL R R e 1B 1T 300 2 d, Y BREERCR A F
94.3% 5 FH FHAE (2008 ) 15 77 & 1 SR Wi oA 1) 2 420 ks
15UeX) COD By LBRF A5 95% LA L, Wk LR A]
ik 100% . H AT, EBPR 2 48 90k AL 15 37 B 0 1R
IKAEWIBRT BRI SE RS (Abn et al. , 2009) . 78 Bk
fk EBPR ARG, 7K i A ML) B U 55 32 2
FAAE T % B JOURL 175 18 T 19 25 i 5k A= 0 T 1 26 B
(Zhang et al. , 2011). it , %81 EBPR &% {5 e
KA R P U YRS A TR L EBPR &
G LAty B H RS URL TS e v 0y AL 3
RERPR R R B 5 RGER R ROR I X R WA T
iE— 1P 5L

TERZ LR is AT K E W bR R g b, &
AR B IR AT AL 23 28 3 K A FH T 3% Ak £ TR
BUNTR , NITTIE L SR 5 IR R 32 TR & Bk I 2%
ﬁ:(Oehmen et al. , 2007). ﬁt,*iﬁlﬁ@éﬂﬁﬁ%ﬁ
WA b BT — RYUR [N R LR L BR
A IRIE A 1T EBPR R 4G015 e 1 Ok AL 55 5%
iz AR M A6 BE BE E FE UK ( Denaturing gradient gel
electrophoresis, DGGE ) S5 EU 04 )24 H R WF 5%
RHVRAWRIE A T4 EBPR RS0 WUk Ak 7k 12 )
WA AE AL, DL KO TR G Bk IR 25 11 % R e D he
PR S P B S0 L ST 4 b IR g UKL {6 EBPR &R

GEALBISATER I N H T e it — 5 i Blig
iR

2 ##5FiE(Materials and methods)

2.1 RABRREHSHH

IR R ] 5 A A A HLIL S ] SBR
Nk, AR 10 LR K5 e R s &R
T TR ) 1 2K B V5 . I AR LR KR N T A
B, A R T 5 1 mRh. o AR K T4 L
:0.52 mL N2 (COD = 800 mg-L""),0.229 ¢
NH,Cl,0. 088 g KH, PO, ,0. 147 g K, HPO,-3H, 0,
0.185 g MgS0,-7H,0,0.022 g CaCl,,1.5 mg & H
J5,1.5 mg BEREHRY 1.2 mg MR (ATU) ,0. 6
mL ﬁf‘ﬁ%ﬁ%ﬁ(Smolders et al. , 1994). AR K I
L %.1.043 ¢ L/K Z R4 (COD = 800
mg-L™") ANEWRR, JAMSE T 56 % K 1A .
JN; #i it oK B AN [FHARFR LR & BUE K T 5 Gk
K ILIRA M. 1G5, £ SBR Wk I 2H B K N 2 B
A7 FE B (LA COD ) A 1 iR, R/ 5 4% S0 %49
IhAR A& COD ¥4 200 mg - L™', NH;-N K 15
mg-L™" PO} -P } 10 mg-L ™", B4 2 ¥ #% COD/N/
P4 20/1.5/1.

#®1 & SBRERAMRWEAT SLLHI(LL COD i)
Table 1 ~ Composition of main carbon sources and their concentrations in

different SBR systems

SBR 5] 7.1 []i735
/(mg'L™")  /(mg-L7") SRR H A1)
1 0 800 0
2# 200 600 25%
3* 400 400 50%
4* 600 200 75%
5* 800 0 100%

2.2 BAFUERSHK

REIBATI 5 BRIV AR L )3 3. 2% SO as N
BRERIRIC L AR AR AN AR is 17 S B E S R
— B0 B K (10 min) JRAHHE(2.5 h) 4F
SHE<(3 h) JIUIE (15 min) HEZK (S min) BT %
GHzEAT 6 h, B RKIEAT 4 A B KRR
2.5 L, LAFE i &Gk 145 B8 B 1] ( hydraulic retention
time, HRT) 24 24 h. #% ] & 485 J W JE (mixed
liquor suspended solids, MLSS) 42500 mg-L~". iz17
b AR rp R A SO A N IR EE R (20 £1)°C,pH
7.5~8.0,DO N6 ~7 mg-L".
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2.3 RBRBE A

2.3.1 FEHE4 DNA I 455 Tk 50 is 1700
(HeF5U2) LRI (30 d) BARIA (90 d) P45 s v 4%
HORARIE RIS PR TS R RE &b, I R i B ICEE R 4 DNA
TRAF, LA T 2 G0 0046 0 T8 205 40 3 . 2 R 4
DNA $#HUCR A 3S FE OB HE S DNA il
& (i RE R AE YR A IRA ).

2.3.2 PCR-DGGE 247 R 514 968F-GC Fl
1392R X $2 U DNA #£47 PCR 4734 :94 °C 742 P
5 min;94 CAEME 30 5,55 CiE k 30 5,72 C#EfH 30
s, MGFR 30 YKJE 72 C HEAH 10 min. 734 P~ ) 2 4lifk
Je it —22K FH DGGE FARMAT /08, Jr ik 575 3k
(tRAURAE, 2011). ZEMERREE R 40% ~ 60% ; HLIK
SR B 200 VIR E 60 °CAF(E] 4.5 h. HLIKJS
HEMEH SYB Green 1 Yeft T 454MT T I HARE.
2.3.3 16S rDNA % & Xl 7 K& H B DNA 45
W) DGGE BEMHE AT HI I [ 3R 15 16S tDNA J
B, IR it i (Heat — shock ) #E1T TR BERE Ak, B
HZAR A pGEM - T Easy Vector ( Promega) , J&5Z 2%
MR Escherichia coli JM109 ( TaKaTa) , 77k 5%
SCHR (7R EISE, 2011) . SR 54 SP6 1 T7 X FHM:
TR T EFT PCR 9715.94 °C W28 1 8 min;94 °C 7%
P50 5,50 CiBk 30 5,72 CHEH 120 s, FHH 35 K
J& 72 CHEMH 10 min. =Y 2 aifb 5k 24 T4
P TAR (1) A BR A wl AT

3 Z5R (Results)

3.1 FrAKBBRBERELM

REHETT 90 d, #5 S g N G TG Je RS L T
WOk b5l , I e R R e A TRR A B TR A 1 1% %
) EBPR REIURR 42 A K B A I W 22 5%, R Guh
PR RN IR BT o b ] 5 R ORE R A% 22 ] 2 ek O
%,0.25% 50% .75% F1 100% T R B 5 (1) 2 1 #
PITE B ) S S8 R A FESF- S41R 42 43 501l ol 550. 64
599.41 .642.38 .680. 99 Fil 745. 08 wm. TEAH [F] 4 i
FREMALFR AT (10 mg- L' Z247) F , A [l Bk 5 4% 1
BRI BRI fL EBPR RGEBRBENCRZ B4R T B3
PE2E 5. YR IR S R BT 5 B 43 SR 0.25% |
50% \75% 1 100% I}, 22 G5 F- 34 BRms i 150 5 0
0.78.2.29.2.96.3.23 M1 3.77 mg-g ' (LI MLSS
) s RGFHBRBERCE 25 R 31. 5% ,56. 5% |
77.4% 85.9% F97.0% . VE4H N 28 Al WL SCHk (B %
4 2012).

3.2 DGGE HE% X A8 U A

B 1l 45 BN 4 AN 6] By B i U8 A 1 16S
rDNA DGGE K3, = Yiki L0 M3 fpis Je ke i,
L1 ~15 43510 100% 75% 50% .25% 0% N Rt
U5 R S5 4T 30 d FESH, L6 ~ L10 43 51K 100% |
75% 50% 25% 0% NIRRT R G517 90 d FE .
M HAT LA $), PKIE 1o H AT E] 22 4~ 2547 Ul
B0 12 1T 0 5 R Ge e P 8 v B9 i 2 0 o R 4
M . — ki, DGGE B3 b & s (5 5
(555 7E — 8 FEBE T RO T %S A e R 48 b 3
WD, AR KA 10 A& 2 ~ 410,14 J2 18
Xof L Y5 B A B T LR A5, BRI X B 454 AR
R RGO R G b 5 P

LO LI

L2 13 L4 L5 L6 L7 L8 L9 LIO

1 HFREBARMETIRERA 16S rDNA DGGE Eif
Fig.1 DGGE profiles of 16S rDNA from different sludge samples

A HEIKGE 1O, ¥KGE L1 ~ L10 FhoAs i 21 i) 3% 4%
e W) B B 0820, FH Quantity One ( BIO-RAD 23
") FAFXS DGGE % b 9 11 /> Jkal #E 47 A 4
S0, I LAE I 2280 ( Dice coefficient ) ¥ 115845 Uk 18
PRI R B, S5 R 2 B, SR 2 thal i, Uk iE
Ll ~ L5 59kiE LO pYAHRIPEARR T 50% , BiHA & &
GRS R T RS ORI R G
5 I BURL B FEASTE A8, 1 Ab 7 MORE 3 A= K By
Be AL 5P R SRR XS EBPR R G W) R HE
iR A A AR EE AR A FIZ T 30 d X
ARG RE AR T BOR 1) 0 VR . NIk IE
L6 ~ L10 5iKkiE 1O &% A A I al A, 100 AR I 4%
RGN Y RESS ) 50 RS R AR B ik —
R 40% LA
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Table 2 Comparability index of bacterial population of different samples
Lane Lo L1 12 L3 14 L5 L6 L7 I8 L9 L10
Lo 100. 0% 48.5% 43.0% 47.6% 41.4% 43.5% 39.7% 36.8% 39.5% 38.5% 41.8%
L1 48.5% 100.0% 80.3% 55.4% 41.4% 69.9% 54.6% 66.0% 72.6% 70.6% 65.0%

L2 43.0% 80.3% 100. 0% 55.5% 41.3%
L3 47.6% 55.4% 55.5% 100. 0% 80.8%
L4 41.4% 41.4% 41.3% 80.8% 100.0%
L5 43.5% 69.9% 68.7% 63.7% 48.5%
L6 39.7% 54.6% 61.3% 52.7% 41.3%

L7 36.8% 66.0% 72.3% 58.0% 42.4%
L8 39.5% 72.6% 75.7% 60.2% 46.2%
L9 38.5% 70.6% 71.5% 59.7% 44.0%
L10 41.8% 65.0% 67.5% 64.1% 52.5%

68.7% 61.3% 72.3% 75.7% 71.5% 67.5%
63.7% 52.7% 58.0% 60.2% 59.7% 64.1%
48.5% 41.3% 42.4% 46.2% 44.0% 52.5%
100. 0% 78.3% 86.4% 79.9% 83.6% 80.9%
78.3% 100. 0% 81.9% 75.8% 78.3% 68.8%
86.4% 81.9% 100. 0% 90.0% 91.8% 81.8%
79.9% 75.8% 90.0% 100.0% 94.7% 86.8%
83.6% 78.3% 91.8% 94.7% 100.0% 84.2%
80.9% 68.8% 81.8% 86.8% 84.2% 100.0%

3.3 16S tDNA Ml F 5 )5 %) 447
Xt DGGE &3 w45k 8 H #LAY & H #9 DNA 11
HEAT BN S, 345 22 MR FRPE S (X B

1 EP%I%I ~22) KA A MRS Y 16S tDNA

#£3 16S rDNA B EiF

Bt (450 bp ZeA7) 4T PCR 978 5 itk | ve e, ¥k
YRCBA M e R 1~ A7 0 . A5 1Y R B A NCBI R
BRI R R 25 IR 3 .

ASEES

Table 3 Nearest Genbank relatives of amplified 16S rDNA gene sequences excised from DGGE gels

Rl i Feoi/bp  SRARMUTE M AR AR
1 JQ713531 444 Candidatus Competibacter phosphatis clone SBRT50 ( AY172150) 99%
2 JQ713532 445 Acinetobacter sp. KSL5401 —042 (GQ497289) 95%
3 JQ713533 441 Uncultured alpha proteobacterium clone EBPR9 ( AF255630) 99%
4 JQ713534 447 Uncultured Chlorobi bacterium ( CU466694 ) 91%
5 JQ713535 449 Uncultured bacterium ( FM201098) 98 %
6 JQ713536 442 Uncultured Chlorobi bacterium ( CU466693 ) 98%
7 JQ713537 446 Uncultured Chlorobi bacterium ( CU466692 ) 99%
8 JQ713538 443 Uncultured bacterium clone N1512_36 (EU104207) 95%
9 JQ713539 446 Uncultured alpha proteobacterium clone EBPR11 ( AF255640) 99%
10 JQ713540 446 Uncultured bacterium clone C8 (¥J356024) 99%
11 JQ713541 444 Uncultured Rhodocyclaceae bacterium partial (AM268364 ) 95%
12 JQ713542 445 Denitrifying bacterium enrichment culture clone NOA_1_H10 (FJ802203) 100%
13 JQ713543 445 Denitrifying bacterium enrichment culture clone NOB_2_F10 (FJ802261) 100%
14 JQ713544 444 Uncultured bacterium clone G6 ( FJ356050) 100%
15 JQ713545 444 Uncultured bacterium clone G105 (FJ356055) 99%
16 JQ713546 456 Uncultured bacterium clone KIST-JJY151 (FJ232676) 99%
17 JQ713547 445 Denitrifying bacterium enrichment culture clone NOB_2_E9 (FJ802252) 99%
18 JQ713548 444 Candidatus Competibacter phosphatis clone SBRT1 (AY172146) 99%
19 JQ713549 445 Denitrifying bacterium enrichment culture clone NOA_1_B10 (FJ802197) 99%

20 JQ713550 443 Candidatus Competibacter phosphatis clone F007_D12 (AY962318) 95%

21 JQ713551 448 Candidatus Competibacter phosphatis clone SBRT109 (AY172160) 97%

22 JQ713552 445 Denitrifying bacterium enrichment culture clone NOB_2_HI11 ( FJ802270) 100%
H1 3 AL, BT A DN 25 S8R e R AT e AP AU T ik 989% LA L. Jorp ) &4l 1.18.20

FULEXT AR RIE AR AR w5, KR 23 4571 ¥ 51 55 fm A AR

J21 Ir R FEWE M5 Candidatus Competibacter
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AL AR BT S,
Competibacter phosphatis & iz 4 ) i) R WE 8 Z —
(Crocetti et al. , 2002). & 2 AL LW EHF 5
Acinetobacter sp. (AN 3 ¥F & & ) & A ML, 0
Acinetobacter JZ 1 P-4 7€ HIN N BAT R BE ) 19
WAYI (Fuhs et al. , 1975). 4547 3 1 9 AR AR
5—2% Uncultured alpha proteobacterium (o — Z8JE T8
M) F AL, Z S D2 B A RBERE 1 1 U
BAE P B R Y AR AT BEJE T BT (Liu et al. |
2001). & 4.6 J 7 AAKKE 5 Uncultured
Chlorobi bacterium FAH{LL, b —28 % H B Fi5 K 4k
FRT A0 P A T B SR A . AR SR i — 2L B
FEHGHE (R BUKAR, 20105 #RAIRSE, 20115 iR
&% 2011) , Uncultured Chlorobi bacterium 1] fg H—
FRERWETA . 2570 10 14 L 15 AR IR 5 — 28k )
TEEPRisf TR KA EBPR TG PRSI Th A AT B 5%
AT S AH AL, AR FT RE EL A BR B BE 0. R0 T B
J&, 5k 11 ARER I EFIE T Rhodocyclaceae ( £1 35
By, moH B M — 8 € 1 R B S Candidatus
Accumulibacter phosphatis W 5 £1 ¥R 5 B} T B9 21 31 1
J& ) A 5% (Hesselmann et al. , 1999) , [F It | #E30
o 11 R MW E R A BE S Candidatus
Accumulibacter phosphatis B —E R R , 1l g
I RBERAY — T e Ah A 2R S8 A W R v
WAFTE — S8 0] B8 FL AT S il 16 R 1 A T A, 25
12,13 .17 19 } 22.

phosphatis Candidatus

4 178 (Discussion)

4.1 UM o HE AR X R GE A K 45 A Y 1 2 1

M DGGE P& al LU HY, 75 ¢ UKL Ak i e X
EBPR R GEHEV& 45t A BRI e A . 250 2 ~
4.10 .14 K 18 Xof 7 i3 1 A AE IR 36 ) 01 A R e b o
P 453 3 h gl XS5 R T X e fi ok
PR AR 18 AARAITEM N RBEH N, AR Z &
Wi, £ 2 48 Acinetobacter . Uncultured alpha
Chlorobi
Uncultured bacterium A Uncultured Rhodocyclaceae

proteobacterium .  Uncultured bacterium

bacterium.

RIIBAT 30 d 5, £ R i A T e Ao Ak 2
AIE K. LIRS L1 ~ LS 5ikiE Lo B4 5S
M 2557, AXER IR 10 555447 14 IR SR
MWiESCERESRGE PR, UL R BER
Uncultured bacterium 7F 2 4t 5 ¢ Wik Ak 1o 72 v gl

TR, AN, 5 8 11 ~ 13 15,19 ~22 ZEXf R Y
PR 43 5B O A R GEvE . T 2%t 2.3 .4 AR
x W W B Acinetobacter .
proteobacterium Uncultured Chlorobi bacterium iy 4
G S

bW RGP B AT, & RGN TS IR UKL T
I B ARG . M 2 10 Ak B AR G2 A ) R
ZER AR AR E . 43 ) LB GE L6 ~ L10 5K iE
L1 ~ L5 EE 225, v LR BLACH 7 155 2 3 33
M2 2 B2l 9 SR MRS RGPk, al L, b
£ R 5575 e POk AL RE BE ) i — 22 #2 5 , Uncultured
Chlorobi bacterium TE 45185 RGP AR T —E %
B IE T Acinetobacter J2 343 Uncultured alpha
proteobacterium W W IK. T, 764 1 B 1Y
Wikifk EBPR RS, BRBERHUA Y £ 228 Uncultured
Chlorobi bacterium 5 Uncultured alpha proteobacterium.

BEAh, i 20 % UG R G 4 v B R OR 0k
I K I8 3 v 2T 16 54501 17 sE B2 R 5 )L
WA 2 A, Ut B 5 U8 UKL Ak ao R X X 2 TR A
( Uncultured bacterium 5 Denitrifying bacterium ) %4
RISEM , WA AT B

MR & AT EBPR R4
WA ZRBEA 15 U8 OB AL JE 7 B i b, HAE 5 4
ANTRNR A IR 25 1 R TR BORLAL EBPR R 48 AR A
TE—EAI AR, MSCGA R ORI AL EBPR R G HL AL
SRR BURLAL EBPR R4E, U YR RS AL T A —
XY Zhang % (2010) AYAF 5% 45 3 I A — 2, AR I
Zhang 55 (2010) M #E , 7 IR -4 % EBPR R4L1H
T UKL o A v, Bl A ¥ U8 UKL IR i 5 2R 4K
R G YRR 22 R 2 T 1 0 5 P 95 )8 OB ik
— IG5, A7 ¥ 23 B AT % sl b 3 E 5T B
A RIS 25 AT 2 T P B A [ A i
SR BT, 5 IR S RS EBPR RGEE YA
FEA R B BILAR] i R ¢ 42 W . A3 n] LA 2 1Y)
2, B EBPR REET5IEMIBRALEL AL, U Y RE
SRRSO 5 PR ORI I B X EBPR R S8 A:
PR R 45 R EAT B B B e A .
4.2 RIREBIFAET W oh 8 A 52 4 AL

2 W, YKGE 16 ~ 110 AH B 22 [8] Al AR fBL i
M1k 68. 8% ~94.7% , WA LA N IR/ 21 L Bl
IR BIBRIR A 55 32 WORLAL EBPR R 4E, 3k 15 4%
AR E A REES . NI 1 v LU 7RIS
AINEA BT E B BORL AL EBPR REEH, FEH

Uncultured  alpha
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2%

R 1.3.4.6.7 16 17 B 18 45X N A 1] Ff i Jo 2
7. B3R 3 AR X LETE I T MTRIAE EBPR R SN AE
K8 WA £ %24 Candidatus

Uncultured

Competibacter
phosphatis | alpha  proteobacterium |
Uncultured Chlorobi bacterium . Uncultured bacterium
J Denitrifying bacterium.

25 I AR 2% iU BURLfL EBPR R 5¢
1) DGGE I3 AT AT 91— 7 1Y 22 S M. L ki
L6 ~ L10 Z A i 5 [A], FE BRI A4 16 5454 17 19
ORI RGP LT AR ], U B AS [\ i TR & ik 5
Z51F%F Uncultured bacterium 5 Denitrifying bacterium
AR RALBA KRR . 2540 3 4 5 7 BfE S 7E4
VKB W AERE S, A Uncultured alpha proteobacterium
343 Uncultured Chlorobi bacterium 7E 451Uk Ak,
EBPR R4 HPERREAS BB IR K. T2 K, AN
RGBSR TR BURLAL EBPR R GE I RF 45 18 22
ST RN 1.6 KX 18 555 5481k, /)
Candidatus Competibacter phosphatis ( & ¥ # ) 5
Uncultured Chlorobi bacterium ( %@i%) AR 1
i,

VKIE Lo thaki 1 5500 18 Al D& e 4
2R AEVKIE L7 ~ L10 2% 1 5260 18 A% 4L
WRIRAFAE. THIKIE L6 ~ L10 XF B ) 28 Gefik U5 4% 1F
(Lh COD 1) 4514 100% PR \75% IR +25% £
B2 .50% WL +50% LR .25% W +75% LR
100% L W8 ; i A% 1 5 21 18 AU A9 = A8
Candidatus Competibacter phosphatis. TR , 298
B RGN R I o5 LU 100% (AAFTE LR )
HTJ’,Candidatus Competibacter phosphatis %ﬂi{%/j(,ﬁﬁ%’l
I RGN BT &7 LE MR T 100% (FAAEL
@2) D) , Candidatus Competibacter phosphatis RETER S
. EAESE EBPR R, B KBS N B 1R
R B IR T BB RN Candidatus Competibacter
phosphatis 1) 4 £ ( Pijuan et al. , 2004a; 2004b;
Oehmen et al. , 2005; 2006). X FE & H KA LA
12 , Candidatus Competibacter phosphatis ¥ i&i T DL Z,
TR R 2% 1, L0 ST 8 PR TR 1) 3% 5 BT A
LR R W H B AR /N (< 5%, Oehmen et al.
2004) . AU, Zhang 55 (2010) LA £ 18 hy ik U5 i
17 EBPR R GLT5 e fhi i 77 i 400817 157 d, &
4 Candidatus Competibacter phosphatis 75 i B
WAL QR ELRCUKIE L7 ~ L10 IS, ASHE & 30 4%
1SS A TR R GURR IR R LL A9 g T 5

JEHA 18 R FAERY LA, 1T UL, R Gk
2R A9 B4 e (TS TRR LU (91 RREAIR ), 38 i T SRME TR
Candidatus Competibacter phosphatis I3 K.

AR 2 U AR SEBR R PR S 2R, 100% (75% |
50% \25% 0% PR IR 5 581 34 Bk B 2803 23 301
97.0% 85.9% ,77.4% ,56.5% 31.5% . i 434,
PR AR Y R L), BRI R L 1, AT
W ok b EBPR & & R B W Candidatus
Competibacter phosphatis ) 38 K | {#f R Gt B B &0 %
TR

WA =B, 2 AR G a IR N R B o L ] =
50% I, 26 6 AR5 B 5k ( DLYKIE Lo L7 M
L) . T4 ZR Gefme i b IR T o Lu ] < 50% I, I 3F:
RAEBULIG (VKB 19 2 L10). BRI 6 XRiY
B Fi Uncultured Chlorobi bacterium A5 52 4t HH Y
FEERBECE Y Z —. 2By, Bk I8 h YR e
LU ) #H 6T 85 v 1 55 48 A R T Uncultured  Chlorobi
bacterium 344 , WA B Tk b EBPR F &t 4k £
FHXF I AR BRI,

5 #5i8(Conclusions)

1) %1 46 9E WOk fb EBPR &R 4t ', Bi 50 4
Candidatus Accumulibacter phosphatis b, P03 #f 3
B ZFEBEAE Y, 1 Acinetobacter . Uncultured
alpha proteobacterium , Uncultured Chlorobi bacterium .
Uncultured bacterium } Uncultured Rhodocyclaceae
bacterium 4.

2) {5l ki bl B X EBPR R G0 H FE 2540 72
BRI IEAER, Uncultured Chlorobi bacterium 531 T
— & B K, M Uncultured bacterium .
Uncultured Rhodocyclaceae bacterium , Acinetobacter
#8453 Uncultured alpha proteobacterium =5 W& #f 73 3|4
WK, IR fE EBPR R Go A e AR TR fk 2
GiE ALt R — L BREE AR B
Uncultured Chlorobi bacterium 5 Uncultured alpha
proteobacterium.

3) ARNR A R SRR IR BURLAL EBPR 248
WHELE M 22 57 E 2RI N Candidatus Competibacter
phosphatis (W E ) 5 Uncultured Chlorobi bacterium
(BB AR R A R, IR -SRI 2R FT 5 L
il & AT 3k Uk b EBPR R 4t W Candidatus
Competibacter phosphatis FI¥E K | R G PRBERCR T
Wee. RIS P TR BT o5 B AG1 AR A 58 s 1) 2% A A ) T



114 5 R IR G BRI F T UKL EBPR ZR S8 S5 42 (L LA IF T 2769

Uncultured Chlorobi bacterium ¥4 | A BT 00kE
1 EBPR R GEHE 5 BT RO BRDERCR.

EEEEENNEE(1957—), B, T¥E+ M+ 4R
Vi, A%, E B R T M TT KA A IR i B AL 45
BRI Z 2 R J KA DR B S AR, E-mail;
pdsun@ 126. com.
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