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Abstract

Enhanced biological phosphorus removal (EBPR) is one of the most important methods in phos-
phorus removal process. For a long time, Accumulibacter has been widely accepted as the major
group of polyphosphate-accumulating organisms (PAOs) in EBPR process, and can adapt to the re-
ality of EBPR wastewater treatment plants (WWTPs). Meanwhile, a group of bacteria named Te-
trasphaera with polyphosphate accumulating capability has been gradually found all over the
world, and also observed in a larger abundance than Accumulibacter in some WWTPs, which is
worthy of further study. In this study, three municipal wastewater treatment plants with different
treatment modes in Shanghai were selected to analyze the characteristics of microbial community
in the returned activated sludge by high-throughput sequencing technology. The results showed
that the microbial species composition of different wastewater treatment plants was similar, but
the consistency was not high. In the activated sludge of the three sewage plants, the relative ab-
undance of Accumulibacter is 7.4%~10.3%, and that of Tetrasphaera is 1.4%-~3.8%, which is far
less than Accumulibacter. There was a high correlation between the amino acid content of influent
components and the abundance of Tetrasphaera.

Keywords

Enhanced Biological Phosphorus Removal (EBPR), Tetrasphaera, Accumulibacter, Microorganisms,
Community Structure

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

BEE R E LV RIRIE, AR5 KF TR HE AN, ZBEAE ML AW, S8
T KPESEKAR HBaEAL, TR K A P IR B A R i UK B 8 R R R —, MK
P SRS EA # 0,015 mo/L B EE LA S RS KAR I & B IR IR . TEV5/KARER S, sk APk T2
(Enhanced biological phosphorus removal, EBPR) & —Ffi =2 &5 FIM R i) S22 R B vk [1], 2 H v
R TS K BRI T2

Ca. Accumulibacter (A B)& H AT A NFIPRBE, EREAKMT, A WS K %R IR
TR (VFAS) FE AL B FR B S TR (PHA)EAAAE B IN RIS K B A 22 SRR 26 (poly-P) B2 ik BT BE T B e i
Z s RS, A BRI PHA S g AU 2 v B = A 1) e o s (2], e 2 mid HEBC s B R
158 ST 7K Rl B (Rl [3]

B A E AN SCHkARE , 7R R E K AHLIX 757K EBPR H SR BERUEYIRE T A 2 4h, Tetrasphaera
(T W)W R H KB AEE, HFRET DAENS 35%, HLZ#d A H[4]. Nielsen 25 A 20 £ 5543215
AKACER]HEAT T LRI AT A, 12 T AL 228 (FISH) A 16S rRNA FLF B FFHAR, 45 540 Hth
R, R A EEONHE WP 0.5%), (R bR T B 105 B I8 5 i AT 6 5 SO 12 /N 51 (3
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WA, R

5 KU 32 A4 EBPR T 3T TR, S5HEM, SERKZHGS/KMHE) HEEEEN T #,
XERW T WPERSE EBPR V57K WAl BERIFEH EEIER[5]. Kong S NIIRFFERI, T HJEEA RERIK
R 5 I R R RE 17, R BREE N —F[6]. 5 A B, REKEERAGE PHA, T EHHARL
bR S R AT R T W S A L T [7] BeAh, FEIRASAE TR, #0 T W e isi@ it R 4E VFAS,
My EBPR R4t A I EEESME VEAs TR BIR[8] [9]. (HE AT, EMET T BRI RILE D .

TFKACER] AL ERPERE B 5 H R AN T E Y BRE M % UIAE C[10] [11]. /KIRSEIRI 2, i
BEAOK R PRS0 S B s a e AT 8O =R e . b, R T RE RIS M5 Y B 2R I 4k
{105 SR A i 0 A ) [12] 3R /K5 I R e A= 1) ) R 1) 5 T B A A B B 22 /0, i
BB LE K. ARG KA R Go A 0 v v LA B A TR B IR N AR5 /K A= P A B AR5
Miite FIRARGE . SRmMEMEEMARUN, BB L . SRMEE . TS, AERNRETRT
P AE R TT A R AE[13]. IRk, BEERHE IR R, mil sl B AE B S 2
FEEAR AR b, AT DICAAR DG SRR LR 245 B [14]

FIER] T WAMER UL E SR KR s &R RIS R AR NRIERRRE, R SR
e RS RS K th 2 A WA E 21 VEAs ik A B, PI T LR I RS, B8 e oA
PTG K A A MRS . B0 [ 5K SR AR LE IR A R RS0, T R KA MUBRIRZL 7y %t A BN T
FRERIEEM, KRB RRIR TN, A RT3 EBPR HIRRBER A, BItt, FRATEE T s = 5ANE 7 fir
G 7KALER) ™, SRR RIE (RIS T KR DAV K I ) . T ZRFE(A/0 AJO. EAbiE . U EALEE).
FHOGIZAT SR « pH BEK /K& THRFRAE), [RIRREEHEK . KA GEM IR, DI5E K rIBRIEZH A,
HFF s S R AR S S TR P R E YRGS, TR R T WA A BRI . BEk
AR R R SRR R AR AN AT LU AT, BRVDREERIZR S A T T BEAERT = RAR DG

2. M5 A%
2.1 HERESELSH

A. B. CH il 3 M BUG /KA, /A LT RIARAGHE. P S AP X IR, R
ERFIADN 12 H(&2R), Kbt mEREEa G KA BT iAo K R4 (Bl i e it A =30t B s 2L 57K
o5 TS 7. SREETS/K) I RARME B IR 1.

i 2 ZEUKFA(WTW, 8 E) 700 e & K i fabr, R EE(T). pH {E. EFERENIE R
RI(ORP), VE &R 43 & (mixed liquor suspended solid, MLSS) LA K Ji-&Bi% A 1t B 7 A4 (mixed
liquid volatile suspended solids, MLVSS)fii FH I sh AP R VAN &, A8 F PRodivi il 40 O R (HACH, 36
) & 14, 75 S8 FE(COD), A I ARER S - FHEAHT /ORISR BB (TP), 38 9 I Bl &2
Z(NH;-N), A PR BT (Shimadzu, H )& SAHLE(TOC)MEE(TN), HEIEER Lowry
JrENE A R, A R RGRNEI e 2SR, A (i (Agilent, 5 ) I e 45 K 14 AR DT IR
(VFAs) & &, SR I (HITACHI, HA) NS 2R &&= o X ira B =T Z 0.

Table 1. Treatment technology and sampling information of WWTPs
L OSKLE BT ZRREER

KITER SRR REPKE/C ABETZ AiEEK 57K S FERRASE/mP-d 7
A 12 20.8 AJAIO WOT 2% Tolki5 /K + 78%IF ARG 57K 10 x 10°
B 12 17.7 AIAIO T 20%I[1 Tolki5 7K + 80%[H AR 1515 7K 1.8 x10°
C 12 16.9 AJA/O S 100% 1 A= 35 7K 1.8 x10*
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22. HmMAERSEENRF

o REEMTEE S VR S 50 mL B0 543 21 2750, A5 PEREURE & AL DNA J5, SR 51900
V3~V4 [X 341F(5’-CCTACGGGNGGCWGCAG-3")Fll 805R(5’-GACTACHVGGGTATCTAATCC-3")iiidt
[llumina MiSeq 7>~ & 58 b St ZH A 16S rDNA =i &l 7 .

2.3. #iEat

W A5 B AT AR R, S AR5 5 9 (barcode) X 2 RE A, N B REAS A U B o
(Quality control, QC), LBRAEKERMEY T I KAk &1k SRIGHATHAE 0 B0 (OTUY R i, K2 %
JF HIARYE FC 7 471 2 B] R B B R AT AT 5628, JE AR 3 4 < 18] R AR BT 9 3 AE 4 i OTU. 7E OTU
ARG ER b, SREUE—> OTU R AR 41, AR5 S FEALE OTU M ARt 2l 35 B K
Alpha Z R8T ] SRS AR Z A6 PE, 115 ACE $8%L. Chao #8%(. Shannon f5%{. Simpson #&
1 Coverage(7H o ) S5 M Z FEE AR W T H TR 328, XA REAR AN YR 50 4 S8 AT
P9 3 LT SR R A A e 23 K BT PP 9 R BERE RS o 70 70 4% & 1] (phylum). - 44 (class) Mg (genus) 7K1y
SPRAL, Gt RN TR T SRR R, AR FE A
3. &ZR511E
3.1 EMTIRPAREEEN « ZHMES

AT BT 3 HETG KA R IRE M S VR AR AR AT T il I A, JRRREE S FEAE OTU 14y
TG TR, WA 1 g, AT REARTIE S A B80T A BN OTU B vk, CJ e,
F%E OTUs J H AR VERAS B Tags 2 H M 29,712~37,224, OTUs 34 4622 4>, Hih A #if5 OTUs
4 3100 1>, B H5f OTUs f5 3183 4, CJ %A OTUs A 3593 4>, =] J&f OTUs K 628 4, Uil
KT TERAE A AR b A AU, (H—BU A

C

Figure 1. Venn diagram of OTU samples
E 1. OTU AR HEEE

N T SRR Py 75 RES S R it A MDA IO AR, R 9T% AR BLEE (1 OTU 7303827k F, A
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WA, R

HI mothur tHEAFEIBENUAE T R ZREESR B, =S5 KAREE ) iE TS e T A R EVE 1K o ZAF IR TR K
WA% 2. ACE R80T ARIRAS THRRE Th &G H) OTU % H, BLAK A& 10 LT OTU #it HAEN .
ACE fREGBOR, RYIBFE K F & K. Chaol Fi ¥t gl FR AL THREVE 448 B4, i Chao [15]5 742
i, Chaol 5%t K, OUT HHilk=, WHIZHANMAEHEL. Wk 2 fw, 3 55K+, CJ-
(¥1 ACE 5% Chaol #RE N f, Bk C ) AUBFEY M S Hth % . Coverage /&5 71 i e SC 1%
M a2 AUE R, URE RS P B Sl . H % 2 TR, BT FEASIK) Coverage $R A A
T 0.98, RWIFFERE R, SURATEE.

Table 2. The « diversity of activated sludge samples from different WWTPs
= 2. RREISKIEMSRN o HFEMERH

KRR ACE_index Chaol_index Coverage Shannon_index Simpson
A 32359 18414 0.98 6.31 0.0086
B 27474 16111 0.99 6.57 0.0049
C 34422 19161 0.98 6.08 0.0156

Simpson TR FISRAL AL PRI Z FEVESR 22—, i Simpson [16]3& i, % FISRifiR A5 2
FAXBR A Z RN, ZIRE e, REE Z PR (U SRFe A = FEAR R, 0 o A ik
51, WZ AR . Shannon FeEU[ 171X VA £ & JE RIS S AT T 4 1, Z4850smE, RUIBRET
R, PR AR 5. 1 2 AR REACEECEE I, IR (Y Shannon R A H, R
NP At & 2 e K, eSS RE A R 48 K Z BN AE I Z RS B WE 2 RTLUE H C )1 Simpson
faHicim, 1M Shannon FREERAS, P IEAEAR TR, EH C ) MIBEE £ & FEfm, (RS 2R HERUR,
XA RE R %) g KRR e —, #ORAE IS K. T BRKP ELRSH SRS ERE, S
WAEYIEYE, MBEAE K. AT K Ty E K ER T eI BRI, Rt e i S,
ARG R AT, (HAFR RPN I TAk5 /K 2 o 5340, A TTRERDN C T4 R =K ISR,
7T 2R WIS PR 2 R ma i e AV 2 REYE R AP 41 %[ 18] . Rank-abundance 28 AT DL [R) I fRBEAE A 22 #F
YERIPEAN T3 TH,  BIRE S BT SRR )RR RN SIRRE . Ao R e i R A A b R R e,
MRS, FoRPIP ARG s YRR IS SRR R T R TR e, iR H, SRR FhdE
RIS . B 3 ) Rank-abundance IR AT, = ZRi5 7K RIAMP L T b= H %) o
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Figure 2. Simpson index (a) and Shannon index (b) of different WWTPs
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Figure 3. Curve: Rank-Abundance of different WWTPs
& 3. R[Eli57k] B Rank-Abundance BhZk &l

3.2. FEMSRPREERRGA O

Hiraishi & NI AER: SR BB 70 K I, B-32 T 15 44 (B-proteobacteria) 1 £k 7 44 (Actinobacteria group)
£ EBPR R4t & EFE[19]. PIMLATFMIT. WHA KX 3 Bavs /K3 iP5 e OTU FrjE 1
VIRE B AT 0T, TR R & HRSRFE . ZET 1K, WS e i REva a5 M L 4. ME 4
AT DVEH, =505 K I EZERARITA: IR 1(Proteobacteria). 7725 i [ ](Planctomycetes). LT
B '] (Bacteroidetes). £¢%5 1% | J(Chloroflexi). JEEEE ] (Firmicutes). B AT B[ (Acidobacteria) flji 28 & ]
(Actinobacteria) %5, 145 5 ¥ 2 3@ iod iy i & FE 20 A i M TS U8 R AR W BT SR ALL[20] . b
Proteobacteria NEAMHAET, B W2 275 KOS R iR BB 21]. A HE TR, K
78 3 JEVS /K B ERA 43 5 5 40.28%, 35.73%#1 41.78%. Planctomycetes 7F B ) & R Hm, 15 17.89%,
124 kI B A DA S E AL (Anammox) D) BE 1 4H B 450K H V7 % B4 1[22]. Bacteroidetes 1 Chloroflexi 1.2
=R{GKACE ] E BRI, A T UK E ] A IR S 5 G I IBE#[23] . Firmicutes
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WA, R

ST IR UK R 40 G B AR [24], AR5 REUK IR ANER AL B IAR G [25], ol LMRIHR 2 )84, B
FEA. B, F4R. PREERS. HATLIRIL, =K 1 Actinobacteria # 5 — & L,
T W& TR, 18 3 TG KA R Lu sl 43 5l 3.67%, 3.17%7H1 5.82%. MITKEF-RE, CJ 1Y
BICHE IR A T ES RS, AT Rz, B &b,

Distribution Barplot
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Figure 4. Microbial composition analysis (phylum level) of different WWTPs
[ 4. RE5A MR 5 H7( 1k F)
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Figure 5. Microbial composition analysis (class level) of different WWTPs

& 5. NREIS7KIEHFLERL S 1 (4K F)
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ENNCE T, TR 4 BEE S50 WIS 5. a-Z8 FEAT i (a-proteobacteria), S-Z8 AT A p-25
FF B (y-proteobacteria) ¥4 = 5815 K A ) 3 ZEARFA TN . Kong 55 N [26]1E X H 74 45 14 5 7 IR IR IR
W (GAOS) EEE a-v p-BIEFF . B SIRFFRI, FEERNEEPBEE R d, fAEwrgsad
SRENAE, 24 PIC M 1:10 M 1:50, EBPR R40ELk, B-AIATHKIAEH 80% [ 40%, 1fi o-+ -
BICAT R BE 2 G271 AT 1 a-p-E TEAT BRI £ 70 70l 9 11.46%F1 11.89%; B |~ 431l 79 10.91%7FH 8.47%:;
CJ 717l 8.05%F1 7.56%. A W& T B-ALTUATEE, 1E=5 5K LBl 7 10.3%, 7.42%71
10.28%. HHULRIHI, C J MRMERE & RED, MR E S EA . B [ IXPFE &R EE.
I, T B8 Tk w24 (Actinobacteria), & BN 3= FEAE =505 7K) 1430510 1.66%, 1.43%7F1 3.79%, C
T BEELN AL B HIPIE.

3.3. AN RBE AN FE Sk A ST E X

SR 2 RGBT 3E HH KK R AR FR WAE 3, BEANTG/K) TS B #Rik 2 1 IH X — 2 A HE
PR o, AJTHEKE) COD fem, 48 B . CJ 12 £, XK AT MBE & S LR+ E,
ETReE T A TR BEUK R DURCRIELLRY iz .

Table 3. Water quality of different WWTPs
= 3. NENSK B9t KK R

Kl K /mg-L? H7Kkimg-L™? EFRE%

%% COD NH;-N TN TP CoD NH;-N TN TP COD  NH4-N TN TP
A 480 29.6 345 5.1 33 0.4 7.2 0.2 93 99 79 9%
B 242 185 236 35 11 03 58 0.2 95 98 75 9%
c 264 223 29.2 31 12 0.4 6.2 0.2 95 98 79 93

Mielczarek 55X} PH2215/K4b#E ] EBPR L2 AR YIRS BEAK BT T 38 o 4, BTk
B, T BB RN S K TR K 5 e e AR DG, K T K LR, T B 4= FE & [28]. Kong
SRV T PEEE 10 BETEKARER S, AR TR KRN E RS KR T EE N 17%~35%, Tf{E
AR AT S AR E TS K T B A 3%~169%, X 6 HTHEAKZH /0 0 PR SR B T WM A T EE A
HIRAFM[6]. Nielsen 25 NIAF TR, MHMIEK TS 25%~35%(1) 4 (15 Fl 15%~25%(1) 2 HE[5].
] P 5 K AR B ) K WU R R [29], b AR SR AR T 35 = ) o Bl K. COD 1)
8.93%. 41.33%#11 8.53%. & B A 5 75 COD W3z £, 1 VFA &8R-/ . KW 3 Kig
IKACER) ™ (KL Ay AT T I, 25RO S COD b, 255 ank 4 i,

Table 4. Influent composition in different WWTPs and relative abundance of PAOs
= 4. FESKTHEKES R EMEAERE

VINREZR EA €211 VFAs RIRRIER AR ARFEE T RFEE
A 24% 14% 6% 1.36% 0.38% 10.30% 1.66%
B 30% 22% 5% 1.38% 0.37% 7.42% 1.43%
c 26% 18% 10% 2.12% 0.45% 10.28% 3.79%

B4R S, X=Fi5 /KA PRk E 5%, E RS =T 24%~30%, 2 k&8 h 14%~22%,
VFEAs &N 5%~8%, 7KARZILIR &N 1.36%~1.38%, WiE @ LM 4 &N 0.37%~0.45%, 57 I [
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A, R

FREERIEARY) G SRR, T BB HEERE. A, fEERE Ry TANET LR
WEARI[30] M FREE SR T LUK I, C ) MK AR B & 2 A S 2 R IR S &M T AL B W), [FIRT,
CJ T HEFEWET R, ARG Z s RV KA AR SRS T WFEE
FHRMER S . C T RERUEIRTS/KONE, #KF 05 EMER VEAs S88E, M A B ) 1K +H
2] 20%[1 TR K, VFAs & ik, RN, T AR KEERET), (EREFKMT, el kK FH %
PEAZ LR ™4 VFAs, 9 A BIRER R ML IRIEIG 5 [8]. Kk, C ) B VFAs A FIRERH T &
VRO RS UK T BT .

4, g5ig

1) WEMETS VRIS o ZREMES TR, DLAE TGS KON 32 B KRR 135 K | 4 B BV 8
e, ARBEVE Z ARG, X TRER T TR Kh B RS SR & BB, e S,
A A K

2) WG ERIE R TR, =505K) PSSR A EAM T B, b AR
FIAERT BN 7.4%~10.3%, T BHIAHGT RN 1.4%~3.8%, T HWFE /T A FHEE, Xalfe5Y
i P SR DL RGBT S K

3) 1K) HEIKA S, EAM N 24%~30%, ZHEG 14%~22%, VFAs (5 5%~8%, /KRR 5
1.36~1.38%, UFES % IERR (5 0.37%~0.45%, #E/KAHEILRSES T WFEEMACHERS, Xh5 T
B2 R BRIERF G 5. C T HimE M VFAs [ TREK A S BRI, WAREEH T B E
FITT . 52 5 S 0 R T )

SE K
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