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H PAO HT R PRI AT LI AR AE ACRAERE TR AT RN, 70 D EBPR AR H — ELAE AT B
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Abstract: Since the discovery of polyphosphate accumulating organisms (PAOs) and the proposal of a classical mechanism for
enhanced biological phosphorus removal (EBPR) process combining anaerobic phosphorus release with aerobic phosphorus uptake
in the 1970s, various PAO strains have been successfully isolated from EBPR systems worldwide. Many studies have investigated
their physiological-biochemical characteristics and the development of EBPR mechanism. Now is the time for an overall summary
of the recent findings regarding the EBPR mechanism, the PAO phylogenetic diversity in activated sludge, and the accuracy of the

methods for evaluating the PAO contribution to phosphorus removal by EBPR systems. Based on a review of about 1000

international papers published from 1980-2021 in the ISI Web of Science (Thomson Reuters), we found the following. First, studies
have questioned the anaerobic internal carbon source synthesis and anaerobic phosphorus release characteristics in the classic EBPR
mechanism, while the denitrifying phosphorus removal mechanism has been fully developed. Second, PAOs in EBPR systems have
marked phylogenetic diversity (42 genera), and include Acinetobacter (29%), Pseudomonas (15%), Tetrasphaera (4%), Alcaligenes
(4%) and etc. Therefore, all studies of PAOs in EBPR systems should cover their phylogenetic diversity, rather than only
Acinetobacter and Accumulibacter targeted in most previous EBPR studies. Some PAOs are also denitrifying phosphate
accumulating bacteria or heterotrophic nitrifying bacteria. Third, methods of detecting PAO abundance, including fluorescence in situ

hybridization, quantitative PCR, high throughput sequencing and denaturing gradient gel electrophoresis, failed to cover all PAO
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phylogenetic diversity due to the lack of information on PAO phylogenetic diversity in activated sludge, which often makes their
results doubtful. Under these conditions, it is necessary to develop universal primers targeting all PAOs and to evaluate their

specificity and universality. The EDTA method is more advanced than traditional intracellular polyphosphate detection methods;
however, its accuracy needs verification when both PAO and non-PAO strains are tested by this method.

Keywords: enhanced biological phosphorus removal (EBPR); polyphosphate kinase (PPK); polyphosphate accumulating organism
(PAO); denitrifying phosphate accumulating organism (DPAO); phosphorus removal potential
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WA E B TR s IR . FTROKER AR AP, BUMBRAR B B2 Bt MR s A, =
PP SRR PR 02 JokARRR R AR o Rz I SCBET , AEAFIERBEEOR T, s A=Wl
fisk (enhanced biological phosphorus removal, EBPR) . 2K £ 5F1E . R FRFL i S5 0 i A s L5 /KA ER )
320 72N B EBPR T 2RI R A - U A A s T4 MistE oerh heonetg st s
Y 7KAR R POLS IS DA N 22 SR R 5 10k (polyphosphate, Poly-P)JE R FE B2 275 e Airh, el id HE
JE SIS /KRB Z HARY. 5H7E 1975 4, Fuhs S5 22 2 AT 1 (Acinetobacter) 4H & 1 L IO AT
TSR PR T 2 A7 AE 8 RS, % “HE R T AE Yl 4y % 52 9 Tl (polyphosphate accumulating
organism, PAO), {F 1K IN [l Y Acinetobacter J& %7 I\ Jy & EBPR T. 2 L L WF 5814 H b5 PAO. 1976
Barnard SE*T T R GEH] 722 SLY) PAO“DR VR -4 St ™ HLBE, JF4K45 172 AR 1999 4F Hesselmann
¥ —PEIE Rhodocyclus J& PAO Tt #4°8) “Candidatus accumulibacter phosphatis™™, 5221 1A 5246
% EBPR R4t Accumulibacter J&¥5 I /711t EERBEIG, 5 FVF ZERAR T 275K % s
FLAEG = =F B (X AN 4% ~ 22%)112 ) %21y Accumulibacter JE BN, Acinetobacter J& % At — 1
K EBPR L ZARAEHIFFERI 45 PAO.

TR, B HOR S PAO FTRHRSE 23 B R A PAO A PRAUIF R IIAWIR N, JTHOE R AL SR
BEIRG ORI, Sh7esk. 563 EBPRAIFRERME /W IWHLCEA. /£9E PAO WL L% . JE PAO WA 7]
AERBERE IS TS TE T, ERRIRA . PPN AT A PAO(IT AMUALE T 7T 5 £E 1Y) Accumulibacter J& A1
Acinetobacter & PAO)IFRIE 112 ] EBPR RAGuiaf THLEE . EHAMERIT & EBPR 1. 2S5 L T+t
FERISCEE, MHERITEN T PAO BREEE J1HURTHE 2 WA WIS TS e b PAO ZFEMERFIE (Y ATAFIT 32 22
PLOY 252 T BT R BR B E J1 04y, WA 3 71). AR ] “Phosphorus removal” . “Polyphosphate-
accumulating organisms”fll “Phosphate-accumulating organisms”{F 455 1i], 7T Web of Science %4k 4 N 145
2 [ 1980—2021 AFRAEEISR T 1 A SR 1>1 000 f5AMIBRBEAHS Sk, 2k 17 L4k EBPR AL
AT, AT EBPR A4y 45 21450 PAO WIbRS EUAANESS T PAO ZAFEFHIF(RHDCH SO SR R
D, ARAE R FZEARAIR), DU IR R P T 24 BT 57E PAO BRI 100 T A e IT R EE T
KRR SWETT ], XEERFFTEE SN THES) EBPR L 2tk A4 5 A AR B EIE 5 9PRE .

1 EBPR JIBA T

1E4% %0 EBPR AU, PAO 71 JRAASEAT N RN 2 Z IR £R MUK (polyphosphate, Poly-P)53 fi#h) POs™

SEORERCED K, PRI AR Poly-P 43 i A ryhght, Wi & MBI (volatile fatty acid, VFA)(A LR
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IREIFVAIE-B-F IR (polyhydroxyalkanoate, PHA)IX AN BRIEM D At A7 AEARIIN 5 £ 4F Aok tF
N, PAO P53 TR0 ME L - RS A7 (1) PHA SRASRE R, THSRIMMBOK A POSIHIG LAY g la iy
Poly-P, [RIIN SERAEMIBUAE AR IR A ™, AR i anl& 1 Fiross.
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Fig.1 Biochemical metabolic pathway of traditional EBPR process'

Bt PAO AERRAEMLIIF AN, 1548 EBPR AILBRIT AR 52 8 T4 2 BisE. B, Y0 EBPR 1.2
AT H AR PAO J&, £ Acinetobacter J& PR AR AE (URHIENT FERWT AL DRSS P ITFIRA RIS
FRE A PHA, AFFE1E 40 EBPR ROgIR™ ;1985 4 Ohtake S5 I 4 - R - U Se s B R A il o ACE
Acinetobacter calcoaceticus Strain IAM 12087 {1- JRA8 305w T HRA AWK IR, Rl RAE A A BRI
R IXFN PAO (EUF AP NI BERE 15 Daly SR HL, JCPRAA TR Pseudomonas sp. PHR6 {EUf5 I
Bi7% 48 h o BV I A1 A SR IR S s Yadav S5 12 Bl PAO B EBIN B A S e U N s
WEE] T B WY RIS

A BB RIS & P42 5 7 EBRP ALK P, 1988 4F, Viekke ZE9VL IR, Bl ] NOsfF hyHE—
LS AR RIARE R DAS 5 BV SR BN G A 2B (B R R A A4 b B 25 AR DR R ). Bl AR 2 A gk 5
TR RAFAE . —28 PAO [ T 0] ARG T ok AR DASN, 8 AT LAAE R %A (DO ik /N T- 0.5
mg/L)RAS T F ] NOs Bk NOAF N HL 32 RS A 4 N i 4210 PHA ,  [FI SE Rkt Pl , 12 Ry
SRS Z2 8%, AHSAHUE bR b SRS 1Y 22 15 14 (denitrifying phosphate accumulating organism, DPAO)™. fijf 5%
FHRH PP A BRI B A R a0 2 Firi, IRAEEE DPAO AR RS 5 PAO AHIA] 5 ARk
B, DPAO FJH] NOs/NO U O TE N HL 13245 PHA 3R1GRER, SE POSTRIBORT Poly-P & ik . 41
A BROHIE RSN, MRt AR S B RN ST T SO A B U SR B Y. AR X Ak AR, PHA AU
PO WRISCHT Poly-P & A fikAB &L, [FIN 182 SORS S RS i iR ™, S0 T —Bie P ™Y, 5% e et
FRIE T 200 A0 T 2)HHEEL, R 50% 47kl . 30% kRt . AN/ 50%i5 e .
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Fig.2 Biochemical metabolic pathway of denitrifying phosphorus removal process®®

2T PAO 7 B EPK{R B EBPR R4 /58 PAO ZHAERFIE

Taeih, HATMARTE5K EBPR AZus IS Je b sy 2 H 142 bk PAO k(4% 70 #% DPAO), HA&
SEE A 3 Fros. 3 RO, JEVETS)er PAO |2 TASE R 1], HUERm T, ERER T ILA M F
M1, HUIERT 1T hE(82%), RALBZERKK, BARFEFEENZIE. X8 PAO KA T 424
W &, I H Acinetobacter J& PAO 5 Lt fik i 29%)( th 2 ik 5L A B MU PAO B ), HR
Pseudomonas(15%) . Tetrasphaera(4%) . Alcaligenes(4%) ). /L5 1 20 4k EBPR R Z AL WF 70 28 (5 T
Accumulibacter J&, {HZu1T455% W Accumulibacter J& PAO /D, X 1| B 512 )8 PAO XEDL 3 1577200 .
£k PAO JEH, Acinetobacter JRHA T |2 (27%)) DPAO, 4= PAO A FRHIIEAT 83 PRELEF.



Phylum J Class J Genus

Acinetobacter
Aeromonas
Citrobacter
Enterobacter

. Klebsiella
Gammaproteobacteia Moraxalla
Pseudomonas

Pseudoxanthomonas
Shewanelfa

0, .
82% Proteobacteria L Seratia

Alcaligenes
Agquaspirifium
Burkholderia
Brachymonas
Casimifcrobitim

B b ! Cupriavidus
elaproteabactena Candidatus Accumulibacter

Dechlorosoma

Dechloremonas
Delftia

Lampropedia
Thauera
L Zoogloea
PAD Agfc;_bacrermm
isolates ga;snab
Alphaproteobacteria chrobactrum
fiom Paracoccus
EBPR Rhodobacter
systems L JXanthobacter
Aureobacterium

Arthrobacter
Aeromicrobium

12% Corynebacterium
Actinobacteria Actinobacteria Curtobacterium
Microtunatus

Microbacterum
Mycobacterium
L Jetrasphaera

Bacillus
Bacilli Staphylacoccus
L Streptococcus

% =
1% Gemmatimona ¢ )
i Gemmatimonadetes Gemmatimonas

o
2 Firmicutes

P 3 BRI AE IR IS 2 o b4y B 13 21 PAO PR
Fig.3 PAO isolates from EBPR systems

2.1 LR | ](Proteobacteria)

Hil M EBPR T 2055 0 B3 R0 EE ] PAO 43 B T a BIETHAN(10%) . B AT ERZM(23%) A1
vy LBIE A 67%) % 3 A m N, Hoh, o« BB E A PAO BT 2 AN H 5 AW R
Agrobacterium, Paracoccus . Rhodobacter %5 6 &, HP Paracoccus J& PAO 5Ltk m, 155 33%; B
I E N PAO 4y )& T 3 N1 H 8 /N £} Alcaligenes . Dechloromonas . Delftia 55 13 N1 &, Ho
Alcaligenes J& 1l Brachymonas J& PAO /5 b ix 2 (19%) ; y L IEE 4 PAO 70 &1 5 1~ H 7 /N A
Acinetobacter . Pseudomonas . Pseudoxanthomonas 2% 10 M1 J& , H W Acinetobacter J& PAO 5 b ix &
(54%). « AL RN T E M PAO Sk 5 FIGZSC T ME RN R —Fr, M), fdE e SCRmRATRR AR
A OC 51 3, MM B 4 AT RS R B AH < STk, 1 [F] )Agrobacterium radiobacter . Agrobacterium
tumefaciens* ., Ochrobactrum anthropi* . Paracoccus denitrificans*#[1 Rhodobacter sphaeroides(*f5 1% PAO
[t /2 DPAO, FIA)). B I WAL E 7 PAO 3 8 B, {UHE Alcaligenes denitrificans . Aquaspirillum
dispar* . Burkholderia cepacia* , Casimicrobium huifangae . Dechloromonas aromatica . Delftia
acidovorans* . Delftia lacustris* ¥l Delftia tsuruhatensis*. y 2% J& [ 44 & & Fh PAO 3t 25 Ff, 5%
Acinetobacter bouvetii* .  Acinetobacter calcoaceticus . Acinetobacter johnsonii . Acinetobacter

junii* | Acinetobacter Iwoffi . Acinetobacter oryzae* . Acinetobacter tandoii* . Aeromonas
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hydrophila* , Aeromonas media* . Aeromonas salmonicida* . Citrobacter portucalensis* . Enterobacter
cloacae* . Moraxella lacunata . Klebsiella oxytoca* . Pseudomonas aeruginosa* . Pseudomonas
fluorescens* .  Pseudomonas mendocina .  Pseudomonas pseudoalcaligenes* .  Pseudomonas
putida* . Pseudomonas putrefaciens ., Pseudomonas simiae* . Pseudomonas stutzeri* . Pseudoxanthomonas
mexicana*, Serratia marcescens }1 Shewanella putrefaciens*.

2.2 JERE | ](Actinobacteria)

H Al A EBPR L Z ik e 75 e i o3 515 B I R & 1] PAO 43 J& 1+ 3 D H 7 4> &l &
Tetrasphaera . Microlunatus . Aureobacterium %3 9 P&, H P Tetrasphaera J& PAO [ i 20(29%). CLiE
i PAO Lt 6 F , Bl Aureobacterium saperdae . Corynebacterium variabile . Microlunatus
phosphovorus , Tetrasphaera australiensis ., Tetrasphaera elongata {1 Tetrasphaera japonica.

2.3 JEEEE ] (Firmicutes)

H AT EBPR L2 G VEis e o IS 2l EEE G ] PAO 23 B T 1 DA 2 N H 3 /B R
Bacillus . Staphylococcus Fl1 Streptococcus %5 3 &, 1 Bacillus J& PAO 5 EE i 2(50%). £ 7€ Fl PAO £
4 Fh, B Bacillus cereus* ., Bacillus subtilis*, Staphylococcus aureus ¥l Staphylococcus auricularis.

2.4 ZEE B T(Gemmatimonadetes)

H BT A EBPR T 2 PE75 e 2 B 45 20 19 28 50 B 1] PAO X A1 1 4%k, B} Gemmatimonadetes %Y
Gemmatimonadales H Gemmatimonadaceae %} Gemmatimonas J& Gemmatimonas aurantiaca. 4 | & PAO
PRAS B SR R G 7 i R PR BP0 EE, B2 PAO ffudIIN Bas R aemifbae 11, it
5 o7 Mtk B OBk W, 1 $F Acinetobacter junii ., Acinetobacter johnsonii . Acinetobacter
calcoaceticus . Pseudomonas aeruginosa . Pseudomonas putida . Pseudomonas stutzeri . Pseudomonas
fluorescens . Alcaligenes denitrificans  Klebsiella oxytoca . Paracoccus denitrificans . Agrobacterium
tumefaciens . Bacillus subtilis . Bacillus cereus ., Aeromonas salmonicida {1 Enterobacter cloacae.

3 EBPR T ZEME5TE PAO BRBRE 11T 75 5

EBPR .2 Hil MRS EERMERE /) £ 20m i PAO B IRV HIR B, Al PAO TRIN E R LR L%
HAARI PR B SR (IR RERE /1, FEX RIS OU MAEGRIRAI . PP YES e PAO BRBEE /1R 2 HEZ)
EBPR T Z AU TR DCHE. FRTE RG], H T4 R 2 8t 50 o3 nIikin s Jerh PAO F222 . N Poly-
P 5 PAO FUBHE PR 2 S R 5 e PAO BREE 1, X =My =Ly FERTARSRIT ST Ee 6153 510
76%. 13%F111%. L1, PAO “FJZ. JUP Poly-P & &2 TG EI51E PAO AW 28 B IR B AABL, PAO
BRI Poly-P & i, TR PETSTE PAO BRIEE B, PAO XS EBPR L ZFRBESCR I DTk bk
KA Z N, PSS PAO AT L (Andr e iiaiRe . PRAEUBHA > | TRIAIM G2 . PHA I ]
WK BN ATP B NADPH A 1 145 ) U] G2 1% 1R 75 e PAO ik fiff 75 ) () TRl 2 S e . b o, 22 DA

“metagenome , polyphosphate” ) “metabonomics. polyphosphate”/F A3 & S5 177 web of science £ f
FEWNEFAR S, A8 11 FiA RSk, RIAZ BN A 547 AE PAO TRk SRR AT Hh S AT P

N, EaRED. R, A S 4548 EBPR AZuiE IS5 PAO F . HuN Poly-P & A 1O
AR,
3.1 PAO EERIH

PR, TEVETSTE PAO T FEAS I 1 SR AT 22 517 4442 (fluorescence in situ hybridization, FISH)
i 1 e 0 kA PR B BRI LUK . E R PCR AF 4 ARSI T B, AH SIS o3 By STk S 0T
67%. 20%#1 13%.



HHE AR FISH A% 0 45 SR I 1 5 5 PR B 1 4 1] 12 R 7 1 . 2000 4F Crocetti 55 352 3 7 51X
Accumulibacter 168 TRNA A~ [G] 8 [] J5 41 A7 5 [¥) PAO462 1541 . PAO651 154 1l PAO846 354110, 252 1]
FISH PR I5 T PAO BB IS 210 3 FIHE S RESREE , 583 RO 04 Lk = et S I A )
B AE PAOwix S84 VAR Accumulibacter ~F- FERS M AERAYE R 1 Hofth PAO IREFIORF ST 5 4 k2D
WA D). B1an, Li SFERT PAOwx RS 1R 5A-4F %L SBR SN it Accumulibacter -5, A HR
SRMBERFT F T, FH ISR Accumulibacter P Ee F1E. SAffi, % T EBPR R40E M
JEH PAO FLATF R IIAE S AFYE , 4 1 RIAGHILAE it Accumulibacter i <A 35 4-35 PAO ™ T
SOMREHIOATHTNE , SECKIUF S PAO 18 45 AT AE IR AT TR,

# 1 EBPR ARG MEI5)E PAO F AN IR K5
Table 1 Common probes and sequences labeling PAO in EBPR systems

7340 EPFAIG T —3 1) AR
PAO462 CCGTCATCTACWCAGGGTATTAAC Candidatus accumulibacter
PAO651 CCCTCTGCCAAACTCCAG Candidatus accumulibacter
PAO846 GTTAGCTACGGCACTAAAAGG Candidatus accumulibacter
PAOy1x PAO462. PAOG651. PAOS46 BT Candidatus accumulibacter

DA v 2 v 0 ke A P B B F R PR B - BRI 5 7)e. PAO - FE AN 75 {2 5 36T~ PAO B AL & 1)
FERHEMRS P75 e rh PAO S, fil4n, Tslam S5 i s i SR AR [ it S - - DR AE AL PR R
i &I T Candidatus accumulibacter . Tetrasphaera . Rhodocyclus 411 Dechloromonas 55 &, HEGXEE BT
FEKFPIEIA PAO Ly 55 B ATE 2Ny . Dong SEER T i it BOARAE AL T 75 7K IO PRS- U -tk
SBR X N EHIR IR Candidatus accumulibacter . Bacillus UL} Pseudomonas 22 )&, 1RIE& EF B IEN
HEDZN DN =GR A A B PAO AL M. JA I, X PP T PAO PITf Je i 4= BE RIS 75 e rh PAO &
F= B 504 RAT AR BRI AT E 1. B, W58 K B Acinetobacter junii & — Flt PAO 17 7] J& 1t
Acinetobacter seohaensis HINRETE MG 28 P Ll AP, FEXMIEIL T, DL IR T FE R i) T A 1%
PAO F I LA AFAE i T HEIE. 534N, HIZSCE 45 EBPR R4S PAO ZAFMEEE R LG H
JUF R AT AT il et DU e e VA B e P ke R &5 SR L 45 PAO S FEIN L AT 23511 PAO B 28U Hi A
2, FEIXFME T FAFEITETETSTE PAO KA EE 4 AR A AR Ak TR Pl R .

fig /e PAO A=W R RN OB, UG 2 IR IR S MG (PPK) . MERRFE LG (PAP) . AN IR AR
(PPX) AN DI ZE MR Al (PPN)E N 1) 2 il L [ 2 5591 % 1 A Poly-P (& oAl o3 i A, Horh PPK
B AT M55y PPK1, PPK2, PPK3 Ml PPK4 il (PPK4 f/E [ E R HRUY, 2SN RO 4 s uien, Hoh,
PAP (LA Poly-P 1EI4A, R IR AZNIL HIR(AMPYHAL Y —BER IR H (ADP)*, W) ) . PPX [FEIX
Poly-P g Aum R EE DT, [MINPREh AR ™, Wa(2) ) . PPN [ {4 K4k Poly-P &b R A= il K &1
Jia4E Poly-P*, WLiX(3) ) . PPK2 [ LA Poly-P {EARARRIL AL ACK: — 14 =211 (GDP) & ik — 12 =2 H(GTP)
U1 5(4) ) . PPK3 (VA Poly-P {F SR AL A fAACKE — w2 itu H (CDPY 6 b =R I - (CTP), W5
(5) ) #3255 Poly-P &R I NL. A PPK1 SZ N Poly-P F i CHENE, &AL = REFRRIR T (ATP) A A%
FR L P Al RS BB Poly-P I, JERCK R N IEBEIRER 2R TIMR Z R, dnsX(6)r 7.

Poly— P, + AMP sz‘?P Poly—P,__, + ADP 1)

n—1

Poly—P PPX Poly—P, , + Pi @



Poly— P, PPN Poly—P, + Poly—P,

GDP + (Poly—P),,, PPK2 GTP + (Poly—P),

ARP(F| + nCDP + Poly—P PPK3 ARP(G|+ nCTP

ATP + (Poly—P), PPK1 ADP + (Poly—P), .,

At ARP(F)VERIRILEDE T, ARP(G)LLIRIILEDE .

2 PESIE PAO 1) ppk1 B H IS 11 K 4]

Table 2 Common amplification primer pairs and sequences targeting ppk1 gene

3)
“4)
®)
(6)

FRK
HI2ER 5% JFHI(5" ~3")
- F£/bp
ACCppk1-
TCACCACCGACGGCAAGAC
AccV- 254F
1123
ppkl ACCppk1l-
ACGA TCA TCAGCATCTTGGC
1376R
Acc-ppk1l-
Acc-I- 763f GACGAAGAAGCGGTCAAG 408
ppkl Acc-ppk1- AACGGTCATCTTGATGGC
1170r
Acc-ppk1l-
AGTTCAATCTCACCGAGAGC
Acc-lIA- 893f
105
ppkl Acc-ppk1l-
GGAACTTCAGGTCGTTGC
997r
Acc-ppk1-
GATGACCCAGTTCCTGCTCG
Acc-lIB- 870f
133
ppkl Acc-ppk1l-
CGGCACGAACTTCAGATCG
1002r
Acc-ppk1l-
TCACCACCGACGGCAAGAC
Acc-lIC- 254f 207
ppkl Acc-ppk1-
CCGGCATGACTTCGCGGAAG
460r
Acc-ppk1-
GGGTATCCGTTTCCTCAAGCG
Acc-lID- 375f
148
ppkl Acc-ppk1l-
GAGGCTCTTGTTGAGTACACGC
522r
Most NLDE CGTATGAATTTTCTTGGTATTTATTGTACTAATCTNGAYG 1 300
ppkl ARTTYT?
TGNY GTCGAGCAGTTTTTGCATGAWARTTNCCNGT?

8



homaoloqs

Most =~  ppkl FW AAYYTIGAYGARTTYTTYATGGT?

ppkl 1100
ppkl RW TTIKYITSYTCRTCRAAICKIGC?

homologs

H: 1)K Accumulibacter; 2)F AR 7).

PPK i HH ppk DIAELERIZahd, AR PPK g3 21 ppk JE[A A R[5> ppk1. ppk2. ppk3 M ppk4 I 4 fif
A, PN IXEE D) REIE R TR e . VRS W T e E i PCR AN PAO F=FE LR, FAE 20 tH4C 90
FR, WA B Ve T Klebsiella sp.*® . Pseudomonas sp."'#11 Acinetobacter sp."" S 41 & 1) ppk &
[Al. £ web of science F53JILL “ppk1”.  “ppk2”. “ppk3”VLA “ppk4”dEf ThRAL . FERIOCHEAIN SIS
F, BEHERRBNNELE 2021 4L A0 154, 92, 8 K145, FRIASGH I BRI AT ppkl JE[A -
] I 8 1k 80% 1 ppkl 5l W R AN AN %} 4 Accumulibacter J& ppk1 F: [, # % #F 57 EBPR £ 4:
Accumulibacter JEIIFE & 25 FIFRES)AS (U0 Accumulibacter - 3ECRL TR AR - AALL T S, F14
JJT 47 PAO 1) ppk1 ZELAII8 FHE . e ME S WAy /D W (W3 2). iX 485154 Accumulibacter J& ppk1 ZEPAI
R SR S IR R 4n i R 53 o TR I 2, T X 53 Y IA | 1B, IC, ID FIIE 3 &, 11 AU 045
IIA, 1B, IIC, IID. IIE, 95IIF, IIG. ITH FOI-I, 14 NS 3, 51#% ACCppk1-254F 5
ACCppk1-1376R H McMahon %1~ 2007 FF-3ETE, ‘EREY G H] 1123 bp ZEH )5 BE5, 1 He %4~ 2007 44}
X ACC-1. ACC-IIA, ACC-IIB. ACC-IIC DA ACC-IID “ i ft e 53 Bl s v 519t s H it 5 2 ]
250X, 4N Zeng “559F) F 5 ¥4 ACCppk1-254F Fil ACCppk1-1376R 75 1 3 N5 /KACHL 1% 115
JeHh “Candidatus accumulibacter” IR 454, 4505 75, Candidatus accumulibacter 75 A0 R 4cH 5 4>
A EYIN) 26%, HAFFERHER TEZE; 2R Accumulibacter £ 3RS WA T L ILATA &
i Ace-IT AU S B0, FEEAS] 2.59x10° cells/g mlss, 5 Accumulibacter S 51 87.3%. #Rifi, WIHT
Pk, itE7Sier PAO HLAT R B E S IE, FERISOL T, AUXVL Accumulibacter J& Syt 5N R A7AE
AETA R

5j Accumulibacter J& ppk1 FE8 5 s v 5 N FECRAALL , $0TEMETSTerh PAO Z AR THI ppkl A&
PR3 FH 5 T o5 T AR D, 5200 A & . 2002 4F McMahon 2555 T 12 4 PPK1 1) 2 1R 7 41 T
J&& T ppk1 JE[RE A 5 19t X0 5[ Wf e £  NLDE A1 TGNY , ‘EfRBEY B 2574 1300 bp (1)
ppk1 B, AR o AR B S PR S e AR e A b R AT 1 /D230 Ui PAO R R .59, 2009 4
Mehlig %5 ©9 f ¥& NCBI ™ Ralstonia eutropha (AAZ65185) .  Neisseria meningitidis
(CAB83848) . Acinetobacter sp. (CAA86935) . Propionibacterium acnes (YP_055056) . Nocardia farcinica
(BADS59057)F/1 Brucella abortus (YP_221494)[1) PPK1 B % 5L le )7 41114 1 T 5|1kt ppk1——FW Fl1 ppk1——
RW, 25|90 rI IR 2970 1100 bp LR B, AT NLDE M TGNY 54050 SRS A 2 7 21
ppk1 [7 4. FIZSCAFES R T LA, X PIRT S 1 setHIN If oR 2 1 s VTS e PAO Z4EME, AR
A A RFREUE . SRTT, BRICZ AN, oA L2 A ppka FEPRE 15 [Waiasfioe. [, DL EBPR &40
YEJ5E PAO ZAEME R JR LA ppkl ZEA A8 15 1M v HF e FAT o BRI G S5 30PRE X
3.2 JfIp Poly-P & B I

SLUCRFE NG ], a0 4'6- 5 Ak-2- 2R LI e T ERFRER (DAPD®” | 2RI 17 (neisser)™ | I HHEL I
(methylene blue)®™ | ThERIUEA RO | GRUE 5 MU Poly-P & APt s v, AT AT DA X 2 Ge o 51
J8 Poly-P. T LM S 4T, 10T Poly-P IEVEST T, Hrbh DAPL Nl NS 72, Hah
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FRAE e m A RIS . HAMhT I R BRI S AR IR BOR S i A s A 4n s 5o &
s EMEEE] T Poly-P Rk, (B %D

JARERNT, PAE PAO N iE s e rh i & it — B oRi5 I THEY 1.5% ~ 2%, 1fi EBPR A4Hi5ie
W s A PR BN IE T HN 4%~8%, 75 HEEIE AL T H % ] PLKH] 10%~15%. 15 ek &t ] LA — e FE e
S R EERE ), R HABE RIS PAO MBRBERITTIR. AHLL > T, UEMIPY Poly-P & Ak
% B 4% St PAO 7E EBPR R ZiFRE R LI DTk, A4 Poly-P Fig 43 HrAS T B A # A5 H- 1 - 43 1T 2%
O PEIAE LT IR RIS X GHERE BERCHLIK . 5 ORI OLL K Poly-P JHFETE S, SR
1, SXEEAE G0 HT 5 il i T 2 A PR IR UG B, RCRAE ;I SRR I e R O 1
HAFHTA AR /] LU I PO, 3 Poly-P & id 4 =i fili. Feng %7 &3, pH 8 s 1% EDTA
PAT T el POSRE, Poly-P S llE HAT ML . s, AEMSEOES, J& BArEA et itie Poly-
POE ATk, AR T IRPATE TS IR E TIN5, RIX 5 PAO FIHE PAO (ARSI, FAERfMEALS
PR FEAY
4R ERE

a) EBPR AL, HIHTIE 22820 T e PAO BRI AEREAE ST, PRI 2 PAO TRIPRII IR S N ki
BRFE . DEREBEE X . AEIC R AE 1S5 BPRRAIE, Do EBPRATURAZ AR 5843 . SO AT ) A At AcHis
FAN, TEARDE PAO BRI J1PP0 I AE eI 3R 1, SR INaRDA T 23800 ) SERHY) EBPR ATLERSGIE
WHFC, RSO ERRS . DRI LB N A, IR AR A E AR,

b) PAO 1 [T 5105 T 5iTHY. NiJET- EBPR £4i PAO EEIMN AL & 2R TTE BT PAO 1 5|19
(I8 FPE AR SR T, BT E T PAO 18 FH 5 [0k L A 42 4N 83 PR AE Al PAO BRIFRASAS I
SCRPASSUE A FVE , RS T T I PAO Bl FH 5 NIt AIVERY, e PE¢Y EBPR R4 HHih
VEVSIE PAO BRI 32 (AT 3 e = 2.

c) JfuN Poly-P £ &t EDTA A6 /7 1AM e, BiVLFE PAO WM AN ICA &5 )E), KT EDTA E &A%
W5 A8 0 PAO BEPRAT 1 72 Hh JC Poly-P #5URL . 47 Poly-P Wik FJCiE R MEL | I M Z<E] Poly-P i
R A N Poly-P 5 AN TP Sk, izl i f2 vl e 225 103 s,
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