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Effects of GAOs abundance to the systemmatic phosphorus enrichment performance and the metabolic characteristics in
phosphorus-accumulating biofilm. BI Zhen'", QIAN Meng-meng', YUAN Yi-na!, WANG Xue-ling', SONG Ge', HUANG Yongl"2
(1.School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China;
2.National and Local Joint Engineering Laboratory for Municipal Sewage Resource Utilization Technology, Suzhou University of
Science and Technology, Suzhou 215009, China). China Environmental Science, 2025,45(3): 1601~1611

Abstract: In a sequencing batch reactor with alternating anaerobic/aerobic operation, activated sludge from an oxidation ditch was
used as the inoculated sludge for culturing poly-phosphate biofilm enrichment. The potential functions of GAOs in the biofilm
phosphorus enrichment system were investigated by examining the effects of the changes in the abundance of glycogen-accumulating
organisms (GAOs) in the biofilm on the phosphorus enrichment performance and the metabolic characteristics of the microbial
community. The results showed that GAOs became the dominant organisms in the enrichment culture of phosphorus-accumulating
biofilm, but they did not adversely affect the phosphorus removal and enrichment of the biofilm system. Due to the significant
increase of PHA metabolic activity and poly-P metabolic activity in individual cells of phosphorus-accumulating organisms (PAOs),
the biofilm community as a whole was dominated by the phosphorus accumulating metabolism (PAM). GAOs as a dominant
bacterial genus in the system, might obtain the reducing power (NADH) required for synthesizing PHA through EMP metabolism,
which could provide sufficient energy reserve for the absorption of phosphorus by the PAOs in aerobic conditions, and thus stimulate
the phosphorus removal and enrichment effect in the biofilm system. The inorganic phosphorus transport system (psf) and poly-P
synthesizing genes (ppk) were up-regulated, so that the biofilm system showed good phosphorus removal and enrichment ability, and
the GAOs (Candidatus Competibacter), as a potential denitrifying bacterium, could synchronize with the aerobic denitrification in
the biofilm phosphorus-enrichment system.

Key words: phosphorus enrichment from sewage; phosphorus-accumulating biofilm; glycogen accumulating organisma (GAOs);

Candidatus Competibacter; metabolic characteristics
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Table 1 Concentration of simulated effluent components and main parameters of reactor operation
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[ SipE's P4 200 10 5 — 10 3+5 1.5:1
P5 8 345

FI TSR A W M5 57 (3 ks e X A 75 MG

15K A R SE(V5 e SS A 5200mg/L, 3L
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Table 1 Diagram of experimental equipment at each stage

P,/HAC_, =

(LA PREAEU 91 RS A 19 (mg) / RO ALDRE 931 D)

SN AR IBAT 43 IR BoU s SRR B Y
BL(0~46d) LI AT R 4 Bt Pk 58 10 AR W)k
BEHAR, R VAR R AR S B A NGB AT,
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Fig.2 Processing performance of the BSBR system at different stages
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Table 2 Sequencing depth and other relevant information
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Fig.6 The proportion of phosphorus in different forms of samples at different stages

i3 TP-NMR 3 E T RS ek e S R
JEAE S Bl 1) A7 A5 TE A 8 < 1E 1 (ortho—P) 5
(pyro—P)FIZE W (poly-P)(K 5).%F LA & I BL i 1

LB (18 6) T - AE L A A, B poly-P
(RIATXS 7 EEBC R P e A1 2 & 2 T (3.6%—49.5%),
HEZ PRI WIRERE PR IK) poly—P (L EE



1608 o

W

iR

2
%

45 %%

$ETt,poly-P WIK&E A At — e R EAR T et
PHA (¥ PR3 S0 AN ATP (197 A= 02L R, A R G AE
i GAOs 44, B A M IEAR 1H A LA ok i
1] poly—P {2 JEwE I & 45, PAOs FEVE - & PR IR 17 I
AR N Poly—P FRAH XS A5 BRI A PRI, n] g
JRRIE T B PAOs FRIBEAC I BE 132 1 3% 0 R Gl
B HETEBEAS BT SR AL

BN GAOs AN A S 55 B R TC5 IO,

D (RS S VEA (RIS EL (P/VEA) W] ISk R
PAOs Fl GAOs AR 32 5 ) Aot w8 SR8 55 10k
YR P/VFA 24 0.31,4%F PAO A2 (1) $ R {E
(0.42~0.50),:X K 24 4b T PAOs 15 GAOs HA7AR
AMEIIE, RS PHA F1 Gly H%4L5 PAOs flI

GAOs MRS TER >, Wb Gly R FE/ &%
A5 1.06/0.54mmol-C,PHA )4 B/ W FE 2 5
1.41/1.49mmol-C, I #8 56 e B4 fhs Ve 34 it
NS5 A AU TR S BB R A E A )
(F 3),AWFUE LI TR B AV b DRAERE UK R S
VFA £HU {8 (Gly/VFA) A 0.32,5 PAOs FERL{E
(0.29~0.50)4 24,312 T GAOs AL {E(0.29~1.12); 4
WU E S EE TR AP b R4 PHA A 05 VFA T
I EL(PHA/VFA) Y 0.85, JLH 20T PAOs BRI Y)
T, X R A RGAE ot GAOs 454 475 A
PAOs fRiff 5% 5 ,PAOs Uil AE JJ 9 T GAOs,
PAOs 5 GAOs AR = FEANRE L HE RS R S8 N 1)
AR

R3 LFITE B ARFRIERER TN LT

Table 3 Comparison of Stoichiometric Ratios of on the performance of phosphorus systems

W o 2 g PREABL I B 2%
o W RS \
7511 P/VFA Gly/VFA PHA/VFA P/PHA Gly/PHA SCHiR
Lab-scale PAO culture 0.22-0.64 0.29-0.96 1.36-1.47 - - [46]
. PAO model 0.42 0.33 122 - [45]
PAOs TF5¢
PAO model-TCA cycle pathway 0.75 0.00 0.89 0.41 0.42 [47]
PAO model-glycolysis pathway 0.50 0.50 1.33 0.41 0.42 [47]
. Lab-scale GAO culture 0 1.12 1.86 - 0.9 [44]
GAOs W5
GAO model 0 1.12 1.85 0.00 0.65 [44]
2 0.22 0.04 0.1 1.12 0.36
K FRh5 e -
I 0.31 0.32 0.85 0.56 0.71

2.4 RIS E ARG W ARIESE R AR AL

Xz By e R AR ) ) AR R A AT
PICRUSt 20 #7, 3 FIHl KEGG ¥ FEvER I fE LA,
A4S BRI 38 10 ) 245 BRI AR AL L an i 7 BT,
T AU 3 ZALHE SIRARH (W RN RI ) # AR
PHA fLif(f44% PHB Ml PHV). —RIREIF(TCA);
WA T ZLAUHE IR Eh i L8 F poly—P AR (%
P 0 RIS 5 R T80, A A RO AL B AL, %%
B B Dy fie TR (1) 6 38 B = B T D s e AR I
TR 5.
2.4.1 wAE PAOs 5 GAOs 45 5HRIT I
FEo i s AR 2 Dh el A 2 5 I i o L)
ARG R IL = B AR 2R AR B R AR . PHA
(L5 PHB Al PHV). =RMRIGIN(TCA).HAc
1 actP iBIE 240 M N, AR )5 1 ackA~ pta F acs B
% acetate—CoA™¥ W& 7 From,HAc R CaE L
(actP+ pta Fl acs)F [ 02 LI RFFmRIA, RS

TS FIREfR HAC TRIRE ) 84321 T B8 iy 0 A
5 PHA Rl 4 R et ae i AR e 1 5 R4
SRV A AE A S5 ME HAC A = R IR IR A (TCA)
BRI B AR )38 SR ) (NADH) #6462 PHA(H,
5 PHB.PHV), & & PHA I8 J5 71 70%K B ¥ IR B
fifp, Fi A% 1 TCA EIAFR AL H i 2% ik S A ik
1% {1 & Embden-Meyerhof-Parnas(EMP) i& 12 I
Entner-Doudoroff (ED)i&4%,Hou ZEUSIHF 574047 %
W:EMP H1 ED i&10 4447/~ ATP, A R 452t HAC
Fleas AL A s BT 75 1 B . T 7 e 3R W ok L
(EMP i&12)RIAM T edds eda SEFI(ED #:47),
R JEA QIR 42 DL EMP 384504 &, HiZd e 4
ST Fi Je o 4 k. Sabba. 25O K948t EMP
ARG PE s E — e R EA AT AR PHA &
JE T 2 HE PHA 104 %, 54+ PHB &
W Th B R K (phad~ phaB. phaC),PHV & 1L
REFER(ACAT . atoB)F FEHETH—E Rk, R rhn]



ng

GAOs = FEAR {00 SE i LW IR e 1) 560

W R RE AR ) 51 1609

FIH P Re R 70 2 3k AR T RE MR EIET.

242 WA EEFAEETBLPL Al @SR ) TG
WU 2 240 (Pit) Rl =R AU R £ ABC iz &
Si(Pst). W 7 FioR, R GE T pst KB DR RE N B
Tk MEHE T Pi IFHE, X AT e 5 A RGN (s G
faf AH G AR poly—P AR TR I ppk ppx FE BRI 8K
FIA E AR DR 2 DIAR G i S W BT ppk HIPE
FIF I PHA 20 if 7= 4= ATP 4k poly—P 14k,
KA BL poly—P 7E ppx {EH N /KA, [A] ) P~ 42 ATP
DIMEHE HAC 368 FIURE U 45 B A SR B A A T
FEHUE PAOs Z 5 IS R, il GAOs A% 51
b B A B ST R R ON 9T FE H:GAOs 5
poly—P A #H 2% Th BEFE K (ppk~  ppx) AL AEAL FA DT
BRI E GAOs 7 EE I A M 22 0 B o vl g
AEAE— 2 IR A, HL b L 3 B A s 43 B vl 4,
GAOs (T HIZEDIIE R G EMP ARSI 148 ot
AFFERE PHA 16 BGEE A R T poly—P AR,
Zr LRIk, s GAOs & AR AEYIIAE — E FE R bv]

{2t ppk ppx MRRAERIAFFEIE poly—P 1.
243 HMAU =5 EACH I OCHE T Be A D 4R
THERIE SR B (nar)« WAHBRIE JE B (nir). —H AL
JR B (nor) F1— 4 A — R IE JE i (nos), 22 3[R =F & 1
FETHA T 58 8 6 AR FH SE g Ak AR B
7 B, ROAEAARE 845 %5 OB ) Re 2 R R 1A 38
A PFTHETH AL NO 38 5 NoO 3@ 1241 NO; it i
A NO, AR N FHLNO; It 5 NO, @12 T 2
THIRIE JE B (L FE narG F narH) FER Ga i 1F H MR
I i A AT A T 0T R R R R AR ] 7
Jr 7 onar 55 DR 52 B v A, L =R (R 280 Tk
FR G0 RAE AL IR A 1 3 ot o o SR A I (1) AR
F%,Candidatus Competibacter 5 L33 K&, H
Candidatus Competibacter 1455y 3 J& T DGAOsP?),
HAT RAHALAE S DGAOs 1] F F NO3 B NO, A HE
FRARAE nars nor nir SEIERDIREIE I MEH T
HEAT RO AR A A 2R 48 225w 280 [R] 0 4 4
I A HE .

. %I-- P tramsport ~
1 ! § I
' 1 |
! ! . |
1 I
1 000 : it o I
1 S N i
\ 2000 ' .
1 00 ! 1
1
: o : : " B
1 1 o -
1 ! 1 4
I 2 =
! ! ) T BRER
1 ! 1
10000

! : - .
H N 1 a0 '
H p [ 4000 e 1
1 : 1 2000 1
1 L I 4 1
: NO \\A‘ . :\\; |T T T s I S~ - ppx Il

[ \
AN L X /

, 1
1 e % \\\I \\ \ Acetyl-@@l— phaA/B/C ¥ N e e - -7
i E‘: Enunn % \gl\s<\€ v ACATatoB !
1 ! o
ARG | DN == !
: = o | : v \\ £ 250000 g !
1
P Noy Jem ER I |
R e Sodiegd----- __.% -|-PHAMetsbolism | 50
1 I R . ™
: ] E 50000 : ‘ TCA | o, % EMP :
[ 1 L, ; Ve % \
L gs i o = | . .
HE A i// H i = o : Pyruvate = :
10000 120000
; NOy o é ' NAD NADH, ! = edd,eda .
\ 1 e ED ]
< - - - 1 N.Metabolism ' T Em - ﬁ’—‘
I T EMP and ED

K7 gL 5 B D REFE AR 1k
Fig.7 Metabolic pathway network with key functional gene changes

w

it

3.1 {£ DO=6mg/L. PO, ~P=8mg/L [F4f} T Heisk
SR AEWII 0T FE T GAOs 323 1 i B & 1

il

T PAOSs, 5 2% 1A AR WD ERE R b I 0 34 B 5 (R IX I
KRR PN 2R G (1) W 22 B 5 AR RCR = AR AR
Wi, R G0 1 1) 2L BRFRaR 3] 99.2%, B AWK T IA
F] 58.89mg/L.



1610 HOE

R 45 %

3.2 75 GAOs 8 AL I RL A2 1, PAOs HAN41 g
) PHA ACHHEPMERT poly—P ALIHE Itk 1) 3 1o,
A1 A= W) R v DL R A A X (PAM) O 3= 3, A
R GAOs HA—E & FEUEYIME RS 1 2R
PR A (GAM)HEAZ.

3.3 GAOs fJfigili ik EMP fCiH& 43R A % PHA
T (3R IR JJ(NADH), & PAOs {E4F48 411 Wi i
PEAL 72 1 g 16 4, TR LB 08 R 48
(pst) poly=P £ ARG I Kl (ppk) (1) 235 L3 A A= 4)
JE R G 3 I M L e ()l s B b e A e

3.4 HEAGURH L, AW SO AR g R R
AR, H P DL NO 5 NLO 1121 NOs I8 J5
NO, &40 A 5E H ,GAOs(Candidatus Competibacter)
AR A 98 A0 1) SR A Dy e TR A A5 A2 ) T 1l o B R 4
R i = ne ).

SEH:

[1] Desmidt, Evelyn, Zhang Y, et al. Global phosphorus scarcity and
full-scale P-recovery techniques: a review [J]. Critical Reviews in
Environmental Science and Technology, 2015,45.4:336-384.

[2] Bi Z, Liu Y, Rutoh W C, et al. Influence of operation sequences on
phosphorus recovery by polyphosphate—accumulating organisms
biofilm: Performance, kinetics and metabolic response [J]. Journal of
Water Process Engineering, 2024,61:105356.

[B1 B uisk BEAT AR BN AR W R A ACR N
[7]. P EFERIE, 2023,43(7):3447-3453.

Bi Z, Zhang S, Fu H, et al. Effect of ammonia nitrogen concentration
on the phosphorus enrichment effect of biofilm [J]. China
Environmental Science, 2023,43(7):3447-3453.

[4] Coats ER, Deyo B, Brower N, et al. Effects of anaerobic HRT and
VFA loading on the kinetics and stoichiometry of enhanced biological
phosphorus removal [J]. Water Environment Research, 2021,93.9:
1608-1618.

[5] Izadi P, Andalib M. Anaerobic zone functionality, design and
configurations for a sustainable EBPR process: A critical review
[J]. Science of the Total Environment, 2023,870:162018.

[6] Izadi P, Izadi P, Eldyasti A. Understanding microbial shift of enhanced
biological phosphorus removal process (EBPR) under different
dissolved oxygen (DO) concentrations and hydraulic retention time
(HRTs) [J]. Biochemical Engineering Journal, 2021,166:107833.

[7]1 1zadi P, 1zadi P, Eldyasti A. A review of biochemical diversity and
metabolic modeling of EBPR process under specific environmental
conditions and carbon source availability [J]. Journal of Environmental
Management, 2021,288:112362.

[8] Wang L. The metabolism of polyphosphate accumulating organisms
(PAOs) and glycogen accumulating organisms (GAOs) in enhanced
biological phosphorus removal (EBPR) system under the tropical
climate. 2021 [J].

[91 oU H SRR e IR SRRV RES AL [D]. SR 95
BHKE, 2022.

Wu J. Enhancement of phosphorus—absorbing and releasing properties

of polyphosphate biofilm [D]. Suzhou: Suzhou University of Science

and Technology, 2022.

[10] Santos J M, Martins A, Barreto S, et al. Long—term simulation of a
full-scale EBPR plant with a novel metabolic-ASM model and its use
as a diagnostic tool [J]. Water Research, 2020,187:116398.

[11] Wang Z, Li W, Li H, et al. Phylogenomics of Rhodocyclales and its
distribution in wastewater treatment systems [J]. Scientific reports,
2020,10.1:3883.

[12] Mardanov AV, Gruzdev EV, Smolyakov DD, et al. Genomic and metabolic
insights into two novel Thiothrix species from enhanced biological
phosphorus removal systems [J]. Microorganisms, 2020,8.12:2030.

[13] Kondrotaite Z, Valk LC, Petriglieri F, et al. Diversity and

ecophysiology of the genus OLBS8 and other abundant uncultured

Saprospiraceae genera in global wastewater treatment systems [J].

Frontiers in Microbiology, 2022,13:917553.

SRANES B Wi, R BB, A5 P B IR R A il 4k H 3 & EPD-

ANAMMOX & T 21fe [J]. HEFREERIE, 2022,42(2):601-611.

Zhang X, Zhang M, Chen Z, et al. Initiation of short-range

[14

denitrification with internal carbon source and performance of coupled
EPD-ANAMMOX process [J]. China Environmental Science, 2022,
42(2):601-611.

[15] 2= BEHRG I, 0 ko 55 R B R AL A TR (PR 58 I8 Je ML R
Pt 3], HEEREERLE, 2024,44(5):2642-2651.

Li L, Shao H, Huang J, et al. Analysis of the environmental factors and
mechanism of metabolic transport of phosphorus—colonizing bacteria
[J]. China Environmental Science, 2024,44(5):2642-2651.

[16] Bi Z, Wu J, Huang Y, et al. Influence of dissolved oxygen on
phosphorus removal by polyphosphate-accumulating organisms
biofilm: Performance and metabolic response [J]. Biochemical
Engineering Journal, 2023,199:109048.

[17] Nittami T, Mukai M, Uematsu K, et al. Effects of different carbon
sources on enhanced biological phosphorus removal and “Candidatus
Accumulibacter” community composition under continuous aerobic
condition [J]. Applied microbiology and biotechnology, 2017,101:
8607-8619.

[18] Welles L, Abbas B, Sorokin DY, et al. Metabolic response of
“Candidatus Accumulibacter Phosphatis” clade II C to changes in
influent P/C ratio [J]. Frontiers in microbiology, 2017,7:2121.

[19] Chen'Y, LiL, Zhang Y, et al. Phosphorus absorption and release in biofilm
sequencing batch reactor: The combined action of cells and extracellular
polymeric substances and the characteristics of polymer metabolism [J].
Journal of Water Process Engineering, 2022,49:102979.

[20] Zhang H, Bi Z, Pan Y, et al. Enhanced phosphorus storage in
suspended biofilm by increasing dissolved oxygen [J]. Science of the
Total Environment, 2020,722:137876.

211 % U 55, TR AR S AR A B R e R MR
TR IR (7). o E PR, 2024,44(11):6096-6104.

Bi Z, Fu H, Wang X, et al. Effects of complex carbon sources on
phosphorus enrichment and microbial communities in biofilm systems
[J]. China Environmental Science, 2024,44(11):6096-6104.

[22] % Bk B ARSI, A VR 5 LR IR 20 B R R i R
ST 1. ThEFR R, 2024,44(1):103-113.

Li L, Zhang Y, Shao H, et al. Comparison of sidestream and
mainstream phosphorus recovery processes and analysis of regulatory
factors [J]. China Environmental Science, 2024,44(1):103-113.

[23] Zhang X, Zhao B, An Q, et al. The influence of different nitrate
concentrations on aerobic sludge granulation and the role of
extracellular polymeric substances [J]. Journal of Environmental
Management, 2023,348:119226.

[24] 2 A MR SO, 55 R 428 P9 2L TE B IR 6 5 A L SUTRE Y5 e I
RERBE [J]. T EIREER} 2, 2023,43(10):5139-5147.



e 1% GAOs A0 B EYIB R S5

Tilk ) A1 e A ARG R AIE A £51) 1611

[25]

[26]

[27]

(28]

[29]

[30]

B1]

[32]

(33]

[34]

[35]

[36]

37]

[38]

Li D, Xie Y, Gao F, et al. Regulation of endogenous orthophosphate to
enhance nitrogen and phosphorus removal by aerobic granular sludge
[J]. China Environmental Science, 2023,43(10):5139-5147.
TR, THA, B 355 SPNED-PR R4 PAOs-GAOs [f)354
KR LICABE B (0], P E PSR, 2018,38(2):551-559.
Wang X, Wang S, Zhao Z, et al. Competitive relationship between
PAOs-GAOs and their nitrogen and phosphorus removal
characteristics within SPNED-PR system [J]. China Environmental
Science, 2018,38(2):551-559.
Apha. Standard methods for the examination of water and wastewater, 21st
ed [R]. American Public Health Association, 2012, Washington, DC.
Oehmen A, Yuan Z, Blackall L L, et al. Comparison of acetate and
propionate uptake by polyphosphate accumulating organisms and
glycogen accumulating organisms [J]. Biotechnology and
bioengineering, 2005,91.2:162-168.
Yang W, Shan J, Pan Y, et al. A new strategy for obtaining highly
concentrated phosphorus recovery solution in biofilm phosphorus
recovery process [J]. Journal of Environmental Sciences, 2022,112:
366-375.
Bro R0 SRR, S AN RIAMET SO I ST e B PHA
QRN [T]. Th I FRIRNY:, 2024,44(3):1286-1295.
Chen S, Yuan Q, Lou Y, et al. Effects of different dosing methods on
the synthesis of PHA by aerobic granular sludge [J]. China
Environmental Science, 2024,44(3):1286-1295.
TOBLA A ARG, AR DR AN )X S SR U R A G A
PR A RIBRBE 5 (3], b EEREERF, 2022,42(9):4199-4206.
Wang Q, Li D, Li P, et al. Effects of anaerobic/anoxic time on
endogenous denitrification and phosphorus removal by synchronized
nitrification of aerobic granular sludge [J]. China Environmental
Science, 2022,42(9):4199-4206.
WS T B o AR DG AN DN TR LTS Ve T AR DI RE VS G54
HRERIFEmT ()] ERER, 2024,44(3):1314-1323.
Yang W, Dang Z, Xu Y, et al. Effects of photosynthetic bacteria on the
structure and function of activated sludge microbial community [J].
China Environmental Science, 2024,44(3):1314-1323.
Long X Y, Tang R, Wang T, et al. Characteristics of enhanced
biological phosphorus removal (EBPR) process under the combined
actions of intracellular and extracellular polyphosphate [J].
Chemosphere, 2021,279:130912.
Wang S, Li Z, Wang D, et al. Performance and population structure of two
carbon sources granular enhanced biological phosphorus removal systems
at low temperature [J]. Bioresource Technology, 2020,300:122683.
Carrillo V, Castillo R, Magri A, et al. Phosphorus recovery from
domestic wastewater: A review of the institutional framework [J].
Journal of Environmental Management, 2024,351:119812.
Zhang C, Guisasola A, Baeza J A. A review on the integration of
mainstream  P-recovery strategies with enhanced biological
phosphorus removal [J]. Water Research, 2022,212:118102.
Li H, Zhong Y, Huang H, et al. Simultaneous nitrogen and phosphorus
removal by interactions between phosphate accumulating organisms
(PAOs) and denitrifying phosphate accumulating organisms (DPAOs)
in a sequencing batch reactor [J]. Science of The Total Environment,
2020,744:140852.
Yuan J, Deng X, Xie X, et al. Blind spots of universal primers and
specific FISH probes for functional microbe and community
characterization in EBPR systems [J]. ISME communications, 2024,
4.1:ycae011.
Jia L, Cheng X, Fang L, et al. Nitrogen removal in improved
subsurface wastewater infiltration system: Mechanism, microbial

indicators and the limitation of phosphorus [J]. Journal of

Environmental Management, 2023,335:117456.

[39] Yan L, Liu S, Liu Q, et al. Improved performance of simultaneous
nitrification and denitrification via nitrite in an oxygen-limited SBR
by alternating the DO [J]. Bioresource Technology, 2019,275:153-162.

[40] Li L, Dong Y, Qian G et al. Performance and microbial community
analysis of bio—electrocoagulation on simultaneous nitrification and
denitrification in submerged membrane bioreactor at limited dissolved
oxygen [J]. Bioresource Technology, 2018,258:168-176.

[41] Song X, Yu D, Qiu Y, et al. Unexpected phosphorous removal in a
Candidatus_Competibacter and Defluviicoccus dominated reactor [J].
Bioresource Technology, 2022,345:126540.

[42] Ni M, Chen Y, Pan Y, et al. Study on community structure and
metabolic mechanism of dominant polyphosphate—accumulating
organisms (PAOs) and glycogen—accumulating organisms (GAOs) in
suspended biofilm based on phosphate recovery [J]. Science of The
Total Environment, 2022,815:152678.

[43] Kang D, Yuan Z, Li G et al. Toward Integrating EBPR and the

Short-Cut Nitrogen Removal Process in a One-Stage System for

Treating High-Strength Wastewater [J]. Environmental Science &

Technology, 2023,57.35:13247-13257.

Petriglieri F, Singleton CM, Gomez MP, et al. Dechloromonas: to be or

not to be a PAO? That is the question![C]//8th TWA Expert Meeting on

Microbial Ecology and Water Engineering, Hiroshima, Japan, 2019.

[45] Mcllroy SJ, Albertsen M, Andresen EK, et al. Candidatus Competibacter—
lineage genomes retrieved from metagenomes reveal functional metabolic
diversity [J]. The ISME Journal, 2014,8.3:613-624.

[46] Nguyen HTT, Le VQ, Hansen AA, et al. High diversity and abundance

of putative polyphosphate—accumulating Tetrasphaera—related bacteria

[44

in activated sludge systems [J]. FEMS Microbiology Ecology, 2011,
76.2:256-267.

[47] Nielsen PH, Mcllroy SJ, Albertsen M, et al. Re-evaluating the
microbiology of the enhanced biological phosphorus removal process
[J]. Current Opinion in Biotechnology, 2019,57:111-118.

[48] Hou R, Yuan R, Chen R, et al. Metagenomic analysis of denitrifying
phosphorus removal in SBR system: comparison of nitrate and nitrite
as electron acceptors [J]. Chemical Engineering Journal, 2022,446:
137225.

[49] Ren T, Chi Y, Wang Y, et al. Diversified metabolism makes novel
Thauera strain highly competitive in low carbon wastewater treatment
[J]. Water Research, 2021,206:117742.

[50] Sabba F, Farmer MK, Jia Z, et al. Impact of operational strategies on a
sidestream enhanced biological phosphorus removal (S2EBPR) reactor
in a carbon limited wastewater plant [J]. Science of The Total
Environment, 2023,857:159280.

[51] Zheng Q, Zhang M, Zhang T, et al. Insights from metagenomic,
metatranscriptomic, and molecular ecological network analyses into
the effects of chromium nanoparticles on activated sludge system [J].
Frontiers of Environmental Science & Engineering, 2020,14:1-11.

[52] 2k /R kT2 B PR AR ) S A AL R 9 R e A 2 R S D B E 5
[D]. PRSP S KA, 2023.

Anger. Macrogenome—based study on microbial diversity and function
of denitrification and phosphorus removal system [D]. Hohhot: Inner
Mongolia University, 2023.

[53] Chen B, Li Y, Luo Z, et al. Formation and granulation mechanism of
granular sludge dominated by denitrifying glycogen—accumulating
organisms [J]. Chemical Engineering Journal, 2023,474,145638.

TEZB/N: B 011986, 2, VL I3 S5 RIS, 16 L BT 5077 1 4 ¥5
TRAREE 5 R IRARI AR K48 3L 20 4255 bizhen@mail.usts.edu.cn.



