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TEE . T KRR (Poly-P) 148 T Accumulibacter W THRELEAE BALACHHFEME 2 4L, RAAPIA SBR K NL#%, 435Ik
FH RN R EN A HLERIR , BEFP & 1 Accumulibacter TGS R, EHEKPO, ™ -PHRIE R 2.5 mg- L™ LB K S 4 T 32
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KB : Accumulibacter; BB (PAM) ; BHHCEI(GAM) ; ZGHEN 2438 (FISH) 5 LT i ...‘.v"u-' .‘_-
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Effects of Long-term Poly-P Defic1ency on the Metabollc Propertles of

Accumulibacter in AO-SBR | System o T AV
WANG Shao po”, LI Zhu'? | ZHAQ' Le ;jan :,x;' YU Jing-jie'?, ZﬂAO’" Ming3, “ZHENG Sheng-da*, SUN’)
Li-ping"’ —/ ¥ A et F G . ' &

(1. Tianjin Key Ldboratory of Aquatic Science and Tec. nology, Tianjin 300384/, Ch‘{:ld 2. School of| Environmental and Munl(}lpdl
Englneenng, Tianjin Chengjlan University, Tlan]m 300384 China; 3. School of Enyironment, Harbin Institute of Technology, Harbln
150001 , Cu:hlna, 4. Tlanjm Sambo Water Technology Cﬁrpmat_mrl L_Lmlted, Tianjin 300384, China)

Abstr;lct; To inv;stigate the changes in mierobial éomm_u;ity Structure and metabolic properties of Accumulibacter under long-term
Poly-P deficiency, af“activated sludge enriched with Accumulibacter was inoculated into two SBR reactors, where sodium acetate and
sodium p‘.‘ropionate were used separately as organic carbon sources. The two reactors were operated for 60 days with an influent PO~ -P
concentration of 2.5 mg-L~". The phosphorus removal performance, sludge production, and changes in the microbial community
structure of the systems were analyzed. The results indicated that both SBR systems showed good performance of phosphorus and
organic matter removal. However, microorganisms in both systems showed glycogen-accumulating metabolism properties under long-
term Poly-P deficiency. In the unfavorable environment of long-term Poly-P deficiency, Accumulibacter 1 maintained a high abundance
(40% = 7% ) in the propionate SBR system, indicating that Accumulibacter 1 had higher metabolic activity and its metabolic
properties could be independent of Poly-P for survival under Poly-P deficiency for a long period. In comparison, propionate is more
conducive to Accumulibacter adaptation to lower phosphorus loads, and Accumulibacter 1 is more competitive than Accumulibacter 1l
under lower phosphorus loads.

Key words: Accumulibacter; polyphosphate accumulating metabolism ( PAM ); glycogen accumulating metabolism ( GAM ) ;
fluorescence in situ hybridization (FISH) ; metabolic shift
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Table 1  Composition of synthetic medium

4y e/ mg-1L"!
LR ( CHy; COONa) 512.50
TRIR%#H ( CH; CH,COONa) 342. 86
KH, PO, 10.97
MgS0, -7H,0 153.75
CaCl, -2H,0 55.13
NH, Cl 76. 43
Ik 20
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Table 2 Composition of trace elements solution

44y W E /!
KI 0.18
H,BO, 0.15
MnCl, -4H,0 0.12
CoCl, -6H,0 0.15
Na, MoO, -2H, 0 0. 06
CuS0, -5H,0 0.03
ZnS0, -7H,0 0.12
FeCl, -6H,0 1.5
EDTA 6
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BEPE, MLSS | MLVSS ., SVI 28R HEZ WL E N
RS EEIGE. VEA IR W K LR IR, R
SRR HCIEAT R A W2, R FSOAE 6 8 1
PHA JEATRE T, FH P b ek S0 H7 2 A v 2
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o FHRFEAR BolyeP % PAO 1R ot /Bl 4
(60°0) JFHEAFAILYGER S, 7818 B B A A
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Table 3 |fProbes and nucleotide sequences used in FISH detection
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8.( Gly n/PHBp F1 Py /PHB g ) fL 22 B B0
fd. R T EIERK WL Poly-P 514 Accumulibacter
JE IR B BRBERE ST, TEIR AT B4 s, 11 SBR-
1 F1 SBR-2 24 #0025 mg- L~ #) KH, PO, &,
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156Xt SBR-1 Fil SBR-2 AYF%FI5 Yt 4T FISH
FAE. 1547 60 d J5, KRH FISH £ AKX} SBR-1 #1
SBR-2 R4 HHY Ace. T, Ace. I KAK GAOs THEEE
T tr. F Image J #RAFXT 040K R #0470 47,
K 20k % Bk AT 5B, Accumulibacter F
GAOs F B S 3878 AR R R 4 TR AR S (-2
H 53 I R bR AR 22 43 LG R b v O 22 55k
DABMG B AP R, A S0 it BB TR 60
{1 EUB338 ¢ EUB338- I Al EUB338- i3 44t
4 MR A BUB33Smix R4 (HRi2 EBPR %
CRI A JAce- | -444 BREF (4RiC Ace. 1)4
Acc- TT-444/ B B CHRIC Ace. TT) .| GAOQOS9AN
GAOQ431 HRE 45 He (IR [ GAOMIX FR FRe s ic
GAOs B/ I A 13/6Ha e 20 Wi R 42t 43 HL 3407
35%. WA HIOBRE i PO I 3, 4

i

17 b % 7

REL . - WEHFHI(5'-3") PREER 2SR SR %
| EUB33S 47 kM F 77 =  GCTGCCTCCCGTAGGAGT CY3 35
EUB338- 11 FEE W ( Planciomycetales) ) GCAGCCACCCGTAGGTGT CY3 35
EUB338-1I PEIE ] ( Verrucomicrobiales) GCTGCCACCCGTAGGTGT CY3 35
Acc- | -444 Ay T A AN T AL Accumulibacter CCCAAGCAATTTCTTCCCC FITC 35
Acc- I -444 A, TC, ID FHAD 08 Accumulibacter ~ CCCGTGCAATTTCTTCCCC FITC 35
GAOQ989 Competibacter TTCCCCGGATGTCAAGGC FITC 35
GAOQ431 Competibacter TCCCCGCCTAAAGGGCTT FITC 35
EREEHR 4 010 yor 100
2 ZER51HE ;:;ggaw \WW
12r 0,08 HL i \:{\n-,s/ ‘Aﬂ-ﬁ Jlr \X/_ B
N Ny ' 4 80
2.1 KK Poly-P 251 T EBPR REEHIT5 IR ; 1ofT, . ke ¥
-1 _ e
211 KWIE Poly-P 4514 EBPR RZixt P fI g s %0 A o 102
COD [ 2% 265 — iftrkcop &
s 5™ —o— PRI 140 %
W RGAEMK Poly-P 55F Fizf7 60 d, ULl FEM C4te ~o— CODXIRE
N N ey, _ TR 0.02 F . A -2
RGP B B AT 2.5 mg- L7, B H BRI 2 2t . aa R
e N . - Aad Fu s
AR TR FEARTE R, LIS RS H K ol nU“h‘I;“ :0 :: . 40" ﬁ: ‘ Ko
HULFE AR P, &1 AIE 2 4251 SBR-1 #1 SBR-2 T i “

JL R4 FE 60 d IXT P Al COD AYZBRECE , R,
PR GEHH7KPO; ™ -PHR 43511240 005 5 mmol - L™ il
0.001 6 mmol-L™" (Bl 0.17 mg-L~" I 0.05
mg-L™"), 3 EH KWK Poly-P 54 F i E 1 fE

FRECREI COD EBRA, PIR S /K COD ¥ 435l
4 °0.815 mmol-L ™" 1 0. 801 mmol-L~", COD =[x

El1 KHK Poly-P &4 T SBR-1 KR ZE%T P #1 COD (B 1ER
Fig. 1 Removal of P and COD by SBR-1 in
long-term Poly-P deficiency
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Fig. 2 Removal of P and COD by SBR-2

in long-term Poly-P deficiency

RGP KR, HPE 3 (a) F13 (e)h
SBR-1 Fl SBR-2 &4i 1 MLSS UL & SVI #7284k, K
3 (b) 13 (d) /R~ SBR-1 1 SBR-2 &4 H MLVSS
i K MLVSS/MLSS 1924, fiEl 3 (a) M3 (c) 1]
DA 7R K 3 BE K R B 25 1, MLSS 1 SVI LT
e, HeFh % SBR-1 Hl SBR-2 REHY I riﬁaﬁsm!ﬁ
MLSS 43313 890 mg-L " 14 296 mg LY mrﬁ
MK R 34T F5 P-4 MLSS ﬁ’jﬂ]jﬁ(;ﬁ; 744
+397)mg ‘L7 J?fﬂl(3870+495)mg W) l%éﬁ
h MLSS i’wj?,-/T\ | U B K A Eﬁ“ﬂ eSS
Accumuhbacter m%%? :p] {G{Eiﬁﬁﬁg j]ﬂjlﬂ/\
ﬂﬁﬂﬁimmﬂ;ﬁﬁkﬁ -5 MLSS i/}iﬁdxﬂ’ﬂdﬁ iz
4 Ji]F 578 SV AE R, i SRR 12 %},
4, /ﬁ@ﬁ%*&ﬁ‘l B IR UIMEMEREAE 2%, 1 SVI
3575 £13) mLeg™ ' F1(140 £39) mL-g~'. 7E

120

L]
4000 La  “ay . A aom
(a) "= S B ] 4 100
[] L] me 8 ¢ ° .
" Al o
- 3000 F . ¢, = oan, 480 _
- A Al
50 A a ab a
E ataT  fay sa 4 60
¥ 2000 F a
= 4 40
1000 |
mss 1 2
- LI Ph
SBR-1  SVI
0 L L 1 L L ]
0 10 20 30 40 50 60
5000 w 300
-
fag ¥ "l s
4000 " - . Cu s . .
[ ] L -
T R L 200 -
& 3000 b " N
= n a & A
] (© a, A A A 4 150
= 2000 F aa  Bfaa
= aaba 4 100°
Y-S
1000 - i
» MLss 1 0
SBR-2 a SVI
0 L L L L L ]
0 10 20 30 40 50 60
i l/d
B3
Fig. 3

SVI/imL-g~

SVIY m[.-"

iafrrt R MLVSS AWk, SBR-1 il SBR-2 %
gt MLVSS/MLSS MW 4R 4 0. 62 F1 0. 54 34 Jin %)
0.91 F10.93[ 813 (b)F13 (d)]. MLVSS/MLSS %
BTG R A TR A B S i, el DL R S
ISS/MLSS Z#iFEAL, 2970 0.09 #10.07. #HIAN
Poly-P #4 p% 1 i ¥ 75 e H 09 T AL W 4. B
MLVSS/MLSS 3G, 159 A Poly-P 538k
B S S R W N R = S ) 2 (£
PO, ™ -PHBEAITE T — K HAIK Poly-P HYIS 1T 315R.
2.2 KK Poly-P 24 Accumulibacter WIS
2.2.1 KK Poly-P T EBPR RS H4RIIAM M1k
BT R Poly-P £ Accumulibacter
B ILREW LA IS Poly-P 1Y GAM J5 =X #4748
W, 1729 60 d J5 Wi — A WIN SBR-1[ Bl 4
(a) JFISBR-2[ K 4(b) ] G M S HUE - t:ﬂ;EL
AR IR Bl SBR-1 Al SBR-2 ,%éﬂaﬁ"i Poly-
F K T B REWIH SBR-1 X Poly P
H R IR 9 0,206 mg- mg ! FEARE] 0. 010 _;pg mg
fi SBR-2 3%t ﬁ Poly-P. i 0. 040 mg* mg"“ﬁ%ﬂi&él
0.006 me fme."." 5/ R G R B BORE R LN,
ﬁ@egé}ﬁm 23,48 gL' ( SBR- L) 12 so}
mg .L- (SBR )y A 4 EF'TU%&T&%%EW%
B A Y VEA B’JTEESL ﬁ%ﬁﬁﬁ)f/ﬁzﬁﬁﬁ DN
%LE&?"‘J 70 .min Hﬂ', ZM%DW@&%BKEW(#%E, Tl 4%
I VFA HE AT E B EE. SBR-1 R4 LB EUE N
4.871 mmol-L™" [ ¥ 2 B W Ui 3 R A 0. 802

—1 > N H=A
mol+ (mg-h) ~'], SBR-2 RGN MR I N 4. 827
4000 210
[+
a o
e los
00 ° g o ° °F ¢
T ° v
- . wl
) g e {06 2
% 2000 | 3
;‘: = (b) ?
= {042
= =
1000 |
{02
. e MLVSS
SBR-1 o MLVSS/MLSS
0 1 L 1 1 1 0
0 10 20 30 40 50 60
5000 1.0
@ o o 9
4000 | o 108
~ o g O o .
2 ¢ 2
23000 | . {062
% . * 7
2 2000 1042
= >
L 102
1000 o MLVSS 0.2
SBR-2 o MLVSS/MLSS
0 L I L L 1 0

0 10 20 30 40 50 60
Fief il /d

KHEAR Poly-P 14 T SBR-1 # SBR-2 R 475 R K 451E
Enrichment characteristics of sludge in SBR-1 and SBR-2 in long-term Poly-P deficiency



539 T, KIERBEAMEXT AO-SBR REE Accumulibacter fRIHHF: B9 52 2337

mmol-L™" [ F ¥ A R W W # K N 0.783
mol - (mg-h) 71]. TER IR Poly-P RIFREE T
YA AR PHA | Gly 7K PR IESE . IRA b B
SBR-1 £ 4t PHB Al PHV #J& A& 4351 A 1. 280
mmol-L ™" 1 0.265 mmol-L™", & PHA & & N
1. 544 mmol - L.~ , Gly HFEE N 21,122 mmol-L 7",
1M SBR-2 &%+ PHA & &M 1. 930 mmol-L~",
Hop PH2MV A1 PHV 43 %1 28 1.203 mmol -L~" Al
0.726 mmol-L™", Gly /4#E&H 13.293 mmol -L™".
U4 B Be PHA 15 2178 A, T8 A WL Poly-P Al
Gly. PiZR4t PHA [ff 439 0 3. 120 mmol - L™ Al
2.786 mmol-L~". M 4 FATLIFH, A B2

70

Poly-P & W45 R 5, Gly M4 ik R I ik, X
R EL Gly, Poly-P J2& 4 5 B Bt Accumulibacter BT
ERMMENIAEREY). SBR-1 R4 Poly-P 1 Gly
B & & 4> 9k 0.587 mmol-L™' I 22,154
mmol-L~"; SBR-2 &%/ %4 0.106 mmol-L~"
39.387 mmol-L~". WK 4 nLIEH, MDNREAER
i Poly-P 5144 F , IR BL VFA 38R B8, I H.
Gly THFEE MY, PHA & Uit 8 hn, 78 4 & B
PHA FEfR M R4 8 T 5 219 Gly. SF Mt
(F4), NERAY B I AW B, SBR-1 Al
SBR-2 R4 PHA | Gly 78k 75 ) K IE 42 55,
WA Gly AR EER I T .

1.0

-1

100

10 7,7 e
o =
= (a) SBR-1 2 (b) SBR-2
E6 60 Eg SN
08 1 = 0.8 77 4 50
% =5 0 7 £5
o) £ T 2 . -
) 5 <
g 0.6 44 40 : 2 0.6 < 4 60 ;
E T = E = El
= = £ = o E
' 0= - =
bo04fs3T 03 HoatE3 40 =
o = Q o 15
= =5 20 = <2
02} 2 . 02} 20
£l 10 ol
= <
oL>=0 0 [l-';{] 0
0 30 60 90 120 150 180 210 240 0 30 60 90 120 150 180 210 240
Fif ) /min [t} i) /min
- " i il e
E4 | KHUHE Poly-P T5 SBR-1 F SBR-2 R FIHA K 54k f
¥y A | /] -
2 Fig. 4 Cyclic metaboli¢ conversions of SBR-11and SBR-2 in long-term Poly-P deficiency
| b ¥ F 4 JKHIE Poly-P AR A B AWAI LR
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