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BEMGEE—ExZ7, TERRTAEETRETIHRM M. Ferruginibacter. [ Saprospiraceae_unclassified.,
Terrimonas . f Blastocatellaceae unclassified Al metagenome &5 115 /KA FR ih R BB EE, XEZWEILBR
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ML . EFRPRAE, M SE IS MG e RGEFRE 217 A R 4 b 3 se > S 040 48 W i 5 e
ol A W RE 5 265 4 S 55 B TR R o O R F SR A B, IR BE S Nitrospira. Aquihabitans . Terrimonas Fl
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N ) 2255 R AUA 49.67% F1 63.19%; Zoogloea. Arcobacter. Acidovorax F Acinetobacter S5 #v I HEVE
FBAXT ER B, ISR LR R WS, WL, TEoKANE T R S AT AR R AR AR T
ARG E TR BRRE, Rl R — ST RE R M 2R 0E . R TRAMT . BESEIS KR Rgeh
AR RV AL . DR T A AE BRI, DT B PR = E eV, X T s K AL L3 s
TeAbHEfE ) HAT RO E MR L,
s BHEE: 2022-07-24; FAHHEA: 2022-10-25

EEWE: ARSI H (212102310277); E K A SRR &0 B H (51778398); 2021 4 1] pg I 2 B K 2 2 L 4 B
Bra gt LS|

F—1EE: M (1990—), B, i+, YR, 20201013@hncj.edu.cn; DR (5VE#H


mailto:20201013@hncj.edu.cn

3706 ok L B ¥ W Fl6 &

FERIEE N (quorum sensing, QS) G EWYIHE & A & = . BT R & Ak 2405 5 i i o ik
e ry— P IRALE, BT 02205 5 2 T 2 T A B IRIE 50 Ak, BERENE A P
RoEffe . A= 0 I 256 I 7K A b B s A b g R 4 A 32 BBk B 22 1 DG Y L A5 O FEAN [R] £ 1R /i
Mg Lt 2% 4 5 X 7 I 20 S N % (sequencing batch reactor, SBR) #47 T #F5%, & ¥ N BEAk & 22 212 M g
(N-acyl homoserine lactones, AHLs) /i3 {4 4 J8& N7 X 4k 2% 75 48 i (COD) FLEVA (TN) £ B% . 15 1L
Rk 3 B W A EEH . WANG %51 545 T AHLs A 5 09 BF 4 8% 0 78 2 K A 40 I s 4% /AR
R Uk R A RE YR TR A T TR AR o R g™ SR, FEAAC ISR N 78 7K A W ik
P AR SRR, B, AWFFE N KB T 5 K AL BT AT 7O 1 a I I AT Y, A
BT T LA A W 1 5 45 A0 R TE VR AR SR N A5 5 43 T A8 Ak LA 2R V5 7K b B T35 14 45 118 2R 40 10 A AR JRR
PR, LU TS KA B ) AL BRAE 1 Ko Fa e tE Rt 2 %
1 MB5RF*®
1.1 #ARE

XoF R T 0 T ¥ K A BT R A S RIS e AT RE AR A, IR TS K AR BT ARCR
AOFET 2, IR 7k KRRk P ik, RAERTIH 20194E 1 H . 3. 5. 7H. 94
M1 HHRE, 44k S, S3. S5, S7. SO Ml SI1, FEih REEE T80 C 447, FFAIAFEMIK
LR ERIF AT . AR S, 15, 25 HBUE M5 Ve iR A WOH T BN A5 5 50 1 19 $2 BORTAS I
1.2 E549F AHLs 2l 540

AHLs 215 % 43 ¥k 1 Bond Elut ENV [ A1 HUAT: (500 mg, 6 mL, Agilent) #F 17 I AHZE ML, H
REAEALBRATT « FH 0.45 pm SRR P8 KA, 4350 A 5 mL H i (Fisher Scientific, LC-MS 2%) 15 mL
4fi 7K 3% 1k Bond Elut ENV [E A AL B, SR J5 LA 5~10 mL-min™" A4 58 35 52 1 I 4 7K R 28 A [ AH 2E B
K, Z 5 SmL 5% W B Wk Uk, 1 181 AH 22 BOH: 4l T 5 1 10 mL B 2 (Fisher Scientific, LC-
MS 9%) Vel 2 B AHLs 5 540, JFUSCAR VRV o K VO O W T e e 78 R AR i, (0 JH 400 i It
MERZE 2mL, R E RO A1 (Agilent 1290 Infinity 11)-E 1% (Agilent 6470) ¢ FHAY % L1 410
K5 % AHLs $EA7 & f 2017
1.3 DNAREBEEEENF

5 BT A 305 1 75 U8 RE A I B 50 BR a6 AE 5N & iE R A W BB A RN R aE AT DNA $2 .
Magen Hipure Soil DNA Kit M 75 Je £ 5t HF $2 B DNA, I i Qubit® dsDNA HS Assay Kit 5 illl DNA £
iR L R H A MER B4 5 “CCTACGGRRBGCASCAGKVRVGAAT” 4 1 51 ) Fl 4 &
“GGACTACNVGGGTWTCTAATCC”JF A T iiE5 | X V3 F1 V4 X 2 A~ 5 BE ] A2 X gEA 74738 o Xt
P alifk J5 1Y DNA 38 3 Tllumina MiSeq I )37 5 #E4T 2x250bp A 75
1.4 HESH

XS HEAT B i i vk . BRI A AR5 R F VSEARCH(1.9.6) #E4T OTU B2 (97% #H L E), I
RDP classifier DM 595 % OTU #4740 2552 1B, % 8dls 2 0 Silva 132, AR 4E OTU %5 R k17
o ZFEVESR BT, L AR BRI HT (PCoA) HLER 45 FEAS [l i AR W B v 25 5, M TaxdFun #E 173
R TI 43 Br U2
2 #BR518
21 WMEMBHEMESH

ARG PO TG KA B ORI TS R AR R Y o ZREMETR BN 1 TR . AR 1A,
T AT 1 TS P AR A 1 7 55 R IR T 99.8% . X 8 WA b i 28 SR A3 T2 E Wy 8 e ks i 1), ) 45
T DL B REAR B FLSEIE L o S5 AR W ACE 48 24 il Chao 8 5UZ FT A FEA h i IR0y, R WIS A4
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P P B0 T B B AR IR . X F1 HERPREDSHMEER
T I E AN T U5 e Ik B 10, REAS N sAE U e Table I Microbial diversity index in samples

ﬁj % ﬁ /b Shannon *[El{‘ ﬁ il SimpSOn ?IEIQ ﬁ ié] Jia FEf ACE Chaol Shannon Simpson /%

WAL A B Z FE 4, Shannon #5850 7] LA sz i 4 Fib SI 61316 61350  7.015 0.983 99.8
WA E, HESKERSRYHY ST, S3  588.12  600.84 6.920 0.983 99.8
Simpson F8 5k K, H RIS, 9 H 4 S5 57622 57728 7.009 0.978 99.9
75 Y& FE X 1) Shannon $85 % fil Simpson 8 % Ht H: ST 64634 64404 7167 0.982 99.8
Hu it TP VR R, 26T 0 T GVRER P E SO 64303 6496 6826 0974 9.8
YRR S BE R S RE R, XTTRE T SI1 64757  650.17  7.118 0.982 99.9

9 A RGLis ATl 8 Kia 47 445 E H AL LL g

WEEY AR, HAX FER G, MmN R ozl %
G5 I HE W R TR R 24 o) B [ AR (Shannon 5 %
1K), [RS8 43 G A W T ok 3 7 328 AT 2% A T o1l $7
1 TR (A R G T A W) 22 RE R AIG (Simpson g 9
HOHBEAT). Sl

NI AT AN [RVREAS [R)RE % 2H R ) 22 e, S ‘ S
F Bray-Curtis i 85 9%, R J1l PCoA 43 7 i it ot
FEAR [ Y Fh Z e 22 5, 45 RNEN 1 s, i
&1 Al PCOL 5 PCO2 435l ks 7 250 61.45% “02} s1
1 17.66%, S FEAE 13K 79.11%, PCOL #4 —= - —
FEAC ST, S3. S5#J OTU 5 87, S9 Al S11 B & PCOI (61.45%)
XA HF, BEAS S1. S3. S5 W5 Ak T 5 U El1 ET PCoA WIMAEMEEERNM
MR BTG Ve IR B RS, FEARFRIMEE Fig. 1 PCoA-based analysis of microbial
i S7. SO I S11 ¥ Ab FVE 8 I & kA, kA community differences

Ao AU . R, FEER] ST, S3 M SS ZIEIBH 4385, 1 S7. S9 Fl S11 2 [0] B AR AF4E 40 15,
ERE BN, RATE 1—5 AWM /KAR HFEEBREK, MUEYREEE - RNZ, m
T—11 A0y K AL B AR W V% 22 AR S

K, REHERE. S
p o . -y,
2.2 ﬁﬂz %ﬁi%gﬂﬁk S3 '\'018365472900 1836547290 J S9
1) FIKF b3k Wy e A 4 M 40 . 18Tk Tty TN
5 i 90,
b A REA R R 18-26 AT, o Slﬁf/ﬁ' A% B st
S3REAML 18 BT, T SO I S E A K 51 = yo Vs
T N VN TSN A N i = = = Dependentiae
26 BT, AHAEREAERT 10 AYTETT I 20 ) ?se'f\? NN ;8)-'-;%;5:”"55:{35
e 1\ = ‘
[E] 2 EJ‘D—IL ) Sl N S3 N SS #Z"( EP*HXTJ‘E'Egﬁl% E/‘J ‘g \ll{:"'ﬂ\;i; &,\S‘ ; ’,'00 ."Acllhobacte,-/a
s % \J\-: 108 "-:;:'\,___ . C
Bl 1M Bacteroidetes . Proteobacteria 1 Patescibac- Y \E;\ 5 Ny P Y / %'g?*
L > pe) Sty
terias i S7. SO FIS11 thEZAIEITH Bacrer- 5 N e / “s
N 108 81 54 e,

oidetes. Proteobacteria Fl Acidobacteria, TE % VE
SRR G, Proteobacteria M1 Bacteroidetes {E
NI TSSTNMTIN , Vi B 2% [13-14] 5

jﬂﬁﬁ%‘lﬂﬂa’ﬂigm?ﬁﬁ o Eﬁﬁﬂ(ﬁ\i%ﬂ‘ B2 Ik R

MARG R, 4R HA LERA YL A A BR Fig. 2 Relative abundance of microbial communities at
W 5 D) BE W L ¥ )R T Proteobacteria phylum level
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Bacteroidetes T8 [ 1", AR5 &5 (1 =5 BE AT QR UETZ 15 K AL 3T 35 Je ) i Fa e KBk

BT E A FE RN R, NFEFEARGE AN FEEFAER KN 2ESR, W Actinobacteria F
Chloroflexi, X ] g 32 2%t TG 7K AL R 3 7K 7K Bt 22 S DA KA [) If ] Be B 455 00 B 22 5 8. A it
XM, Actinobacteria 1 Chloroflexi J& & {5 e I EE LR W 1], H & T Actinobacteria 1224k
WA 4N Candidatus Microthrix % & 51 Z 15 VK, TR JE Chloroflexi 1) 22 1R 8 78 >4 b Ji A1 - 22101,
Bk, HE2FTLER], 7EEKAE EAT5 KT S1F S3 FEA T Actinobacteria A8 %} 3 & = T
HAEA, 17 HAWAEA T Chloroflexi X% = FE FLAE S1 1 S3 FEA H A A XS 4= B 5 o

2) JB A A DI REVE 540 o B K- b A W I A6 R 43 A T A Bl T R R G A W R VR T A
BANE R, 6 15 K AL BT & PR T3 P AR A bR 0 32 BE i 30 B9 4H & WL IR 3. B 3 ATRVE Y, 05
K AL BT NG VS e B W B A Ferruginibacter,  f Saprospiraceae unclassified. Terrimonas .
f Blastocatellaceae unclassified fll metagenome, AH Xt =F B 43 5l & 5.19%~13.36% . 3.73%~10.56% .
2.79%~8.01%. 0.96%~10.47% . 1.06%~10.22%. H{HAE AN [7) Z 45 7 95 K Ak BT e A 0 v
5 W & B Ferruginibacter 1 Blastocatellaceae J&15 /K AL PR 1) R B & o Ferruginibacter B4 1%
IR 538 RN o F A DL RYRE 117, Blastocatellaceae RE S [ fif 52 2 A L) [ I 7] L 5¢ 42 ik
Ji NO- 3-NUY, - Saprospiraceae JE{G 15 e RGP I D EIE, HAUBER M ALY MEAR, @&
BA ARG J1" . Terrimonas j&—Fh AL ROAHAL AR 25 BTk, X 2L 340 e 24 g
LBRI5 YYD ae R, HAR R AU AR X R B ORIE TS KA R E 1B 1T .

[ AT DA 3, W B RB S 51 S PR TS Je i ik i — Fh 22 R T8 )8 Candidatus Microthrix *1 4
wrE . HE3IETLAFES, SR S1 A S3 A § Candidatus Microthrix FH X £ =, 4

100 Ferruginibacter
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Fig. 3 Relative abundances of major bacterial community at genus level
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R 3.03% Fi1 4.24%, FE S5 F1 ST FEA v AR X = FE PR AR 2 1.49% F1 0.28%, JFFHE S9 Fl S11 i AH XS
FEH AL, £ 1—3 A, RisKABT EAETBREK, 150 SVIAE 150mL-g" LLE, A
3 A FAIFFGR B R, 15 IR DR RE IR WK o f UL P DAHEWT, 175 K Ab BT TS e DU RE M RR 1Y
Ak F 2R T Candidatus Microthrix i & A K JF S 8, X 5 F B &M F F Candidatus
Microthrix B 4 £ F &P, & Candidatus Microthrix 2 1—3 A3l A5 REKWN FEHE. X5
WANG %5 P2 35 46 77 30 i1 15 7K Ab B8 T 0 58 & B2 &/ 221 51 R 15 Ve i ik 19 2206 8 /2 Candidatus
Microthrix F¢ffF 57 45 3 & — 20 .

3) IBE T AE 1. BB AF X5 /K3 i g st B A EZAEN, mHEkAZT T
IE /) Z I RE W BE A BB E (GAO). R#iH (PAO). &AL E (AOB)., W fi ik £k % 1L H (NOB),
FAEAL T (DNB)., AL R @517 (DPB). M4 R A W (EPS) 40 WA TR 55 o MR XT T bF 58 15 7K Ab ) ¢
AAEJE KT FA I B 0 D Re R B AT 32, A5 RNk 2 R .

®2 DEEABENFEE

Table 2 Relative abundance of functional bacteria %

LiERUE SIS
IREM 732K IRe s 2253k
S1 S3 S5 S7 S9 S11
GAO Candidatus Competibacter 0.17 0.32 0.5 0.47 048 1.50 [3]
PAO Tetrasphaera 087 132 048 0.19 0.03  0.02 [3, 23]
Candidatus _Accumulibacter 0.02 0.04 0.29 0.11 0.05 0.11 [3]
DPB f Saprospiraceae_unclassified 373 599 49 10.56 723  5.82 [19]
Paracoccus 1.35 239 057 0.58 0.15 0.27 [24]
AOB Nitrosomonas 0.18 0.03 0.04 0.95 093  0.61 [3]
NOB Nitrospira 0.76 0.1 0.04 1.42 0.63 1.25 [3]
Ferruginibacter 9.26 822 13.36 9.99 10.81 5.19 [25]
Terrimonas 535 8.01 748 3.60 469 279 [26]
f Blastocatellaceae_unclassified 327 097 096 6.39 1047 8.74 [18]
Amphiplicatus 136 3.13 546 1.61 0.71 048 [27]
Ottowia 1.38 341 1.19 0.59 0.49 046 [28]
Defluviimonas 1.40 222 0.87 1.07 0.60 091 [29]
DNEB Thauera 048 0.37 039 1.84 1.95 2.03 [3]
Dokdonella 024 0.79 1.2 0.76 1.03  0.33 [11]
Hyphomicrobium 0.86 0.56 0.79 0.54 0.61 0.99 [30]
f Rhodobacteraceae_unclassified 0.87 2.07 0.68 0.33 0.14  0.19 [30]
Rhodobacter 084 1.85 0.6l 0.20 0.09  0.06 [3]
Novosphingobium 036 0.7 0.51 0.22 0.16  0.18 [30]
Devosia 062 0.72 028 0.17 0.1 0.12 [30]
Thiobacillus 128 028 0.29 0.03 0.01  0.02 [31]
Terrimonas 535 8.01 748 3.60 4.69 279 [32]
EPS/ b Thauera 0.48 037 039 1.84 1.95 2.03 [30]
Devosia 062 0.72 028 0.17 0.1 0.12 [30]
Ferruginibacter 9.26 822 13.36 9.99 10.81 5.19 [17]
IK f Saprospiraceae_unclassified 373 5.99 49 1056 723 582 [33]
(28]

Ottowia 1.38 341 1.19 0.59 0.49  0.46
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s 7Y B W P Candidatus Competibacter 7F 1% 75 /K Ab 3 T~ B A Py & I 2], A X =F B
(0.17%~1.5%) 7= T Wi B W B 3 Candidatus Accumulibacter F8 A8 XF 32 B (0.02%~0.29%), %A% F B 1Y
Candidatus Accumulibacter W 23 52 W & 48 1Y BR # 20 R . Candidatus Accumulibacter 5 Candidatus
Competibacter [B] [ 7 G+ & R E W LR ME , RS Candidatus Competibacter A X} =F JE & &, W24
il Candidatus Accumulibacter, fifi 58 48 bR W RU R 8 22 o WA, o5 — B BA Br 0 20 68 19 2R 8k
Tetrasphaera™ TEiZ 15 /K A0 B A dh bk th, H A XS =F B (0.029%~1.32%) 1 5 2 /& T Candidatus
Accumulibacter. Tetrasphaera W72 —Fh 5| # {5 R MK 09 22 R TE , %8 1 22 R 58 58 08 A B /K 14 19
KEERR IR AT, i AR AT LS AESAPY, nTLIEER], TR kAT IRk
W] (1 A #13 H)Tetrasphaera B AR X FE BER &, mAERZIKIGIE 9 A A1 11 A) HARXS FE AL, #K
25 KA B KGN B ) Tetrasphaera W] B8 3-8 25| & 15 Ve B Ik 1) 22 4R 1 .

AN, 2 BB I s AL BR % D) BE I TR £ Saprospiraceae unclassified 1 Paracoccus WAE 1% 15 /K Ak
FRRE SRR R o XA Ekim K AR BT AR AT SR KB, Saprospiraceae &G VETE e AL L IR,
HEAMRGHE . B2, FreEn RS, FB, Saprospiraceae RE 14 AN IR 5 A AE A
HL T2, bR R A& P A", Paracoccus 188 S5 AF T BENE ULV AR 8 &0 v 752
WEALRE LM T A AR p- 323 TR Eh (PHB) LI~ A BE & F T W m >, 2 B s ml £k I 8 1) BE T4 1Y
FHERARGEPAERMICBEBE S, H f Saprospiraceae unclassified fll Paracoccus #) FH X} = &
(3.73%~10.56% F1 0.15%~2.39%) Pt & T W 18 Candidatus Accumulibacter i A1 X B, B0i% 75 7K &b
R A] e LA s A SR il &

Nitrosomonas F Nitrospira 43 ) & 1% 15 Ve h 228 3R AOB FlIl NOB, TEiZ 15 /K AR i HAH
XF 3 BE 43 5 R 0.039%~0.95% F 0.04%~1.42%. 1£ 3 H 4 F1 5 45 18935 I K¢ & 1, Nitrosomonas Fl
Nitrospira W ARXT F= B R Fc i, R Nitrosomonas F1 Nitrospira 3% 15 Je & K2 W K, 15 Ik &
H AR, 22 A BE AR K T Nitrosomonas Fl Nitrospira 4K .

BeAh, ZIG KA BT G A S R e K B T £ A DNB R R, 3 B AH XTImO
Ferruginibacter (5.19%~13.36%). Terrimonas(2.79%~8.01%). f Blastocatellaceae unclassified (0.96%~
10.47%) . Amphiplicatus (0.48%~5.46%). Ottowia (0.46%~3.41%) 45 . 3% SLHH % 4 B %5 =5 4 B il Ak 1 2
50 B A PRIE Ferruginibacter WEREEWEKRIKE . WRSAVY, B8 Ko TEVY 50
it /Ny I EE T, [ B B RO AR R 1P 1—9 A BYEE S Ferruginibacter 3 0 L # RAi AL
B, 11 ARS8 w4 3 # 8 f Blastocatellaceae unclassified, ¥ Ferruginibacter %1% 15 7K Ab P
I ALY B R g A R A B EAE M . f Blastocatellaceae unclassified REMS I B 2GR W, [
A&t ] LR 2R 2 L IR I R R (PHA) 58 @38 R M iR £R /"™, i 1—9 H Ferruginibacter 5 11 H
f Blastocatellaceae_unclassified It #« 5 i £k B % 742 11 3 22 i 8] ] e 2 #F K K BT 25 5% (Canf L 2k
T AE) ek ATRATE R, 7RSS I O TS VRS R A A b £ Blastocatellaceae_unclassified KXt
FEA K, Sk &40 3 H M S A)f Blastocatellaceae unclassified (1) AH X 3= & 45 HiAh
A WAL, RHZHREKEmEK ., $EHRIE, Terrimonas J&—MifE R HILHEE , BEUZIL
JRAHIRER A, SRR Y A/O FUEE M A/O T. A LR, Amphiplicatus J2 ™ k& I 48 7 41
W, BRI A ERE, ARG AR . R BERSEERE. Otowia NMURIE 5 KA
EERA G, 2 —FhE 20 B A KM RE A, T LLRE 6% [5) i) & ¥4 I 20 F0 A7 HL ) I fie i) AR
B A, 28 B LA RS L B U0 Thavera 55, FEi%5K) FARIXS £ EH A G, HTLIERE
FTE 1—5 H HARXN F= B AL, RUIHSZ AR A K o 10 88 S 6 Ab TR A9 A7 78 DR TR 75 7K A 3 i
AMERB AR AE -

AEf% 53 W EPS Y 22558 I o 2 15 R V5 e U AE W i S B T o o A RGEFK,  Terrimonas i it 53
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W5 EPS TEf AE ) 38 A A rp i (8 0 200 A SR AR 1 T BEAE Y, HE S50% B 25 TR RIERAE 41 T RERg =
A EPS W CH#E T BE R, HHP Thauera Ml Devosia BE W% 43 Wh EPS JE 47 S 4k . X 2L EPS =4 A B
T Y4505 115 e 1) R FARE LA RO 38 00 8 IR W B 2 B
23 BRI FIE

1) B AF 5 43 F o 75 K A BT RE ORI 3 N-C B R 22 &R 2K 9 g (C6-HSL)., 3-%k
FE o7 Tk ik v 22 R N iR (30C8-HSL) T 3-Fk ik - b 5 = 22 22 P g (30C12-HSL) 3 3 Ff AHLs,

B H Ok AR 4 Firos o IR 4 RS .

30C8-HSL Fil 30C12-HSL [ Ji #5F ik Ji AR X Lo 4% 7 Zas st
FasE, sy ildEREAE 2.7 ng- L7 A 0.6 ng L' A ~°r RN 30C12-115L
VR, Wi C6-HSL AR fbdr K, 1—7 A Fuikuk ;b

BEZ W 0.09 ng L' FHE £ 7.8 ng' L', A X ;E;

WAEE 37 ngL!, T4 11 A 0 4E 8 b R 4 !

o FTROERES, BRI T C6-HSL ik

S, T v R R Bl b, T s

C6-HSL 19y 4E Al B 5 1R J& 2 Bl — & 1 AH %

Mo 534N, ¥5 UMK I, C6-HSL vk B B4 RSHTREEK

Fig. 4 Changes in signaling molecules concentration
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STV (297410 /3 11 I 7 5 12 D O 2 A2 = I 1
C6-HSL 1 §8 5 75 I i Bk =k 22 1Rk 5 2F K A7 78 A
2) BEARIE N 55 PR DUREME . R I 5 B AR SRk
R VE T, #EAT Person AH 3¢ Pk 2> BT 45 B 4
K5 BT~ o ] UL T5 8 45 B 48 £ (SVD) 5 Ce- VI I
HSL & i & 1 /1 5¢ (P<0.05), 5 30C12-HSL & 05
3 1IE A ¢ (P<0.05), W C6-HSL. 30CI12-HSL
Y15 IevikErEA ¢, Hrf, C6-HSL REfE
MR RGN LA, RIS TRl EPS

30C8-HSL =~ 03

30C12-HSL

PEfE R, i 30CI2-HSL fig s 4% 5| % R 4 & & ¢ 2 3 3z §

VE YR I MK 0 % A LR 05 YR VLM M AL 2z

C6-HSL 5 75 J¢ i M = 18] (1 38 25 46 FH 5 2w TR

LI % [6] E/‘J Eﬂ: % éljil: % % . ﬁl E/‘J , ﬁﬁ I/ng :J: C6- . *P<0.05, **P<<0.01, ***P<<0.001.
HISL 5 YA M (10 JA 5 2 P A 1 25 2 35 D Bls HERRBEEAE S

K 1 % %5 # i1 C6-HSL 5% # {2 i C6-HSL = Fig. 5 Correlation analysis for quorum sensing regulation
SO TR A AR HE R K . A, 30C12-HSL 5 Z 4 (PS) # it & B 3 1E A1 ¢ (P<0.05), %M
30C12-HSL == B2 45 2R A0 7= 2 . BEVRIER I X EPS 72 A 14 8 12/ FH AE AR [+) 5% 74 AR T 95 7K Ak B
A AGE , (BFEARPFS PO RA AR, XA REEEE T2 BT AR 22 R,

3) FEAAR IR 55 A WU VR PR AE T o A 0 BT AR SRRV, 5 A D I T T ) R4 VR, KA X
JE BT 50 (9 76 J& 5 AHLs 3E 4T Person A1 C 73 #, 5 AHLs {5 5 73 7 B A W 3 A O 10 40 18 & R
f Saprospiraceae unclassified. f Bacteroidetes vadinHAI7 unclassified, SWB02, OLB12. f Caldilineaceae
unclassified(|%] 6). f Saprospiraceae unclassified. f Caldilineaceae unclassified. SWB02 5 C6-HSL & i
FHIEME, HAMERB M 0913, 0.864, 0.904, OLBI2 5 C6-HSL E4) B # EAI S, HMER



3712 o L R ¥ W %16 4%
A 0.982, 3£ BH f Saprospiraceae unclassified . © > 0<0
f Caldilineaceae unclassified, SWB02, OLBI2 oLBI2 (=) o
& F M) C6-HSL 7= A I . 1 f Bacteroidetes sweo2l (%) o o
vadinHA17 unclassified 5 30C12-HSL & . % il { catdneseeae | () .
W RRREO)-O89, R Bacroidees ]
vadinHA17 unclassified & 30C12-HSL £ B {4k 7% ~unclassified
K. S i | O ° O
2.4 IHEEEBEFUU SR CoisL 30CSTSL 30CI2TSL

Rt — 2 o BTz K AL BT AR MR I Y
KD Re LN LK IXTE O, K Tax4Fun 2 Ti%
157K AL PR V5 YA b e & U P 21T KEGG 1)
fE R F o b R LR 3. s B R AR
(amino acid metabolism), fix /K b & ¥ A
(carbohydrate metabolism), f% % iz (membrane
transport) . fE & 1L (energy metabolism) Fil 4 i}
F 14 4= ZE AL (metabolism of cofactors and
vitamins) A% 75 K AL BT A AR X SR R R R B9 AR
W e . & LR L1 (amino acid metabolism) .
ik 7K 1k & ¥ 48 (carbohydrate metabolism), HE
i i (energy metabolism) il 4 il A 1 #1 4 4
Z Rt (metabolism of cofactors and vitamins)
J& T B AR (metabolism) T BEAL B, 1iij B F%
iz (membrane transport) J& T ¥f 5% {5 B 4b #
(environmental information processing) 2 g #&
He ., KA & P10 (carbohydrate metabolism)
AR AT LK R A>T oK AL & W o0 i g
S, &R AL (amino acid metabolism)
iof B Rl BOfE A R A AR, RE AU
(energy metabolism) i& 72 7 ATP Ui . H 7 1%
fan %5 fie s b R E G HEE PO, B iz
(membrane transport) 7 ¥ i iz i . #F 44 S8 N I
5 05 T A AR AR PO, X S T RE R IE T
ZIG KA IEE BT . T LAR B — ARG
I RE R AR T BETEAS R v 22 R K, AT
SR HEKOKET . BT RS2 5 T 2, A
S 5 7K A BT A L R A L R A
PERE -

[/ PR VYN o NS S ORE LA i PS

6 AHLs 5SEEZEHEXM
Fig. 6 Correlations of AHLs and genera

®3I DREEEEMFE

Table 3 Relative abundance of functional gene %

HE:*P<<0.05, ***P<<0.001.

FERARRT 32 8

aw/iplli
SI S3 S5 S7 S9 Sil
IR 13.94 13.88 12.82 13.63 12.96 13.52
ek AL A PR 12.58 12.66 11.77 12.33 11.87 12.26
[Bis%in 12.42 12.04 11.07 12.01 11.58 11.79
L T e s AW i 737 7135 7.19 733 727 734
e A 735 730 7.32 7.37 743 745
5ok 6.62 6.74 7147 694 738 7.05
B MR AT 544 545 564 554 562 561
L% 434 445 469 444 457 452
SRRAMIRI A IR 468 461 433 456 434 445
e 3.80 3.88 4.48 4.01 433 4.10
Re A 3.69 3.69 3.72 3.67 3.63 3.61
HAb = R 298 297 295 2.95 2.90 2.89
mREMZ 2L e 257 257 240 250 238 244
S, DEBER 224 226 234 228 233 231
iz 3h 2.03 2.00 2.64 2.21 2.58 229
RWER LY A BRI 202 211 255 2.15 241 223
AR AT 1.66 1.62 192 1.74 193 1.79
HARAERBYWAED SR 091 092 090 0.89 0.87 0.88
pe g sy T2 AWl 0.35 036 036 035 034 034
MR E—IF Y 032 032 036 032 035 0.33
LB 0.19 0.19 026 021 024 021
55 4 AR ELAE 0.002 0.001 0.02 0.007 0.016 0.009

FE AT FEEFRIRE, K 4 F 25 R R 8 nor(— EALE L R ) . nos(—F AL AR
). nir(IVAH BR £ 10 TR B ) A1 nar(fF B2 £h 10 J5 B )C™,  H: Ao 76 il R h S804 50 S il iR £k 220 A2 v ke
BEAE Y nar(BiS 2 £5 3140 J5U ) 40X BE (0.104%~0.135%) WA . 25 T Hofth 3R J5L il (& 7(a)). iR AL



#5113 e A A R N RV (S U G b7 L R X (RS N A E 3713

0.15 0.14 - EZ451 EFS3RASS [1S7THHSIRS11
D251 B S3 B S5 S7THH SO S11 oz [ BB
o 12 | & H
0.10 F VR
0.08 -
g 010 8
= s w006 F
= B =
H ks #004 Eixs
D —K2
Z oot K z 002p =5
k3 =3
s 0.000 25 - =5
£ =
K =53
0 PO 0 P I
nor nos nir nar phdp
pifiizEn g pA s pifiizEn g pg s
(a) BEAADCII gL (b) BRBEAISCTIREIRE S

7 K5 T B8 £ 4B X 3 A TIUM 43 4
Fig. 7 Predictive analysis of relative abundance of metabolic function genes
I R R A R B — 20, RS A R R O B L TR nar (T R Fh 34 i) 2 52 el N EUE
RERYEZIEN, XL AMERE A EE P EMEH . S5 FE S B nar( BR 5 18 ) ) AH X =F B J2 T A B dh
AR A, RIS IZAE b nos(— Sk — %0 Il ) AR 2 B R A AR A, 3R W1 5 A 43 Y5 7K Ab BH T Y
It R B A T 1 A 22

K AFNS HERBEAMCR DI RESE D, b pph(R B IR £5 Wl ) B9 AH X B2 (0.125%~0.133%) W]
B T phdp(R -p-F2 5 T B M b, AHXF F i 0.0419%~0.051%) . hdh(F% T B WL 2 B, AH X
0.036%~0.047%) F1 hh(F2HE T TR — FEARK i i, AHXT 422 0.000 2219%~0.000 297%) . ppk(FR B 1R £
fit}) 5 Poly-P JE ARG, T HAt 3 Rl 34 5 g5 5L T MR Re i A 607, BUR HA BRI Poly-P IE Ji AE
71, BEZRTEMNER-L-RZETREMAES, FEREWRBERE AR, 7 B ik 2= BR ik 52
WA B o S5 AR 5 3R B T IR MM A GG 3 Fh I RE B UM X BEAE BT A FE S b R Ik, 3R
B 5 H 35 7K A B 1) i 25 B R T s T HAB A £y o
3 i

1) 78 1—3 F 5 KA BT S Az 15 U I8 WK SR S0 0 22 e A R B0 2 D R 9 5 R A 0 2 S 1) T B it
, Candidatus Microthrix 1 1 24 1 2 5| K15 Ue I ik 1 = 22 .

2) Bacteroidetes . Proteobacteria M Acidobacteria N %15 /K AL PR T 09 B A 1], Ferrugini-
bacter f Saprospiraceae unclassified. Terrimonas. f Blastocatellaceae unclassified Fll metagenome 4 %
VKA ERE wh FEARRGE JE . Candidatus Accumulibacter, Nitrosomonas . Nitrospira . Ferruginibacter .
Terrimonas %5 HH 5C I BE TR I A7 7E 1 R L 4EFF AR X B2 g 1817 o

3) ¥5 K Ab BT RS 3] C6-HSL . 30C8-HSL H1 30C12-HSL3 i AHLs, C6-HSL 3= 2 & 45 41 i £
Gein UMKk i Kk, 30C12-HSL 32 B 4% 2 A9 7 Az o A ROV 5 1o A W 3 v 18] 4 30 428 41 T 20 A
# W f Saprospiraceae unclassified, f Caldilineaceae unclassified, SWB02., OLBI12 & F % [ C6-
HSL ;=4 1, f Bacteroidetes vadinHAI7 unclassified J& 30C12-HSL ) FEAA K .

4) T RE WM 4 M 45 R WY, 5 H O FE AL nar(hl R 38 38 R ). nos(— A L R IL ).
phdp(R-p-F2 5T R R E) . hdh(R T TR UM ) Al hn(Re 5 T R — AR K it Wl ) AH X 2 B2 24 35 HoAth
REG A, SO UG B 1 R 34 3 T A T A



3714 o L R ¥ W %516 %

& £ X #

[1] SHEIK A R, MULLER E E L, WILMES P. A hundred years of [3]. FREERI, 2021, 42(3): 1488-1495.
activated sludge: time for a rethink[J]. Frontiers in Microbiology, 2014, — [17] 24, S, I, 45, A SR AR ST MBBR T 2P e S ik it
5:47. FRER M SEIRT]. BREE T AL, 2021, 39(12): 100-106.

[2] WU L, NING D, ZHANG B, et al. Global diversity and biogeography of [18] ZHANG L, HAO S, WANG Y, et al. Rapid start-up strategy of partial
bacterial communities in wastewater treatment plants[J]. Nature denitrification and microbially driven mechanism of nitrite accumulation
Microbiology, 2019, 4(7): 1183-1195. mediated by dissolved organic matter[J]. Bioresource Technology, 2021,

(3] Wik, sfB. TRVETS IR BLE MRS R AR TE A R D). B P2 4R, 340: 125663.

2019, 46(8): 2038-2052. (19]  JBimers, #05, ToKAE, 4. SR BUNITANK T. 24 T 1 TR K i

(4] Sy, mARIL, 2R MR, 55, THPETS VR MBS 451 S R BE N 3 HEIRET S AT (D]. BREE TR, 2021, 15(7): 2480-2487.

WA G B AT [T]. FREERLE, 2021, 42(8): 3886-3893. [20] B, EH, SR, . 15K A T AR T BUE A R A

(5]  FETsl, e, bk, & BUEMN SSRGS ). A0 S5EY [J]. FREIRIE, 2020, 41(10): 4636-4643.

YR, 2022, 49(6): 960-974. [21] FAN N, QI R, HUANG B, et al. Factors influencing Candidatus

[6] LIS, FEIX, CHIY, et al Impact of the acetate/oleic acid ratio on the Microthrix parvicella growth and specific filamentous bulking control:
performance, quorum sensing, and microbial community of sequencing A review[J]. Chemosphere, 2020, 244: 125371.
batch reactor system[J]. Bioresource Technology, 2020, 296: 122279. [22] WANG J, QI R, LIU M, et al. The potential role of ° Candidatus

[7]  HU H, LIU Y, LUO F, et al. Stable and rapid partial nitrification Microthrix parvicella’ in phosphorus removal during sludge bulking in
achieved by boron stimulating autoinducer-2 mediated quorum sensing two full-scale enhanced biological phosphorus removal plants[J]. Water
at room & low temperature[J]. Chemosphere, 2022, 304: 135327. Science and Technology, 2014, 70(2): 367-375.

[8] WANG N, GAO J, LIU Y, et al. Realizing the role of N-acyl- [23] LIU H, ZENG W, MENG Q, et al. Phosphorus removal performance,
homoserine lactone-mediated quorum sensing in nitrification and intracellular metabolites and clade-level community structure of
denitrification: A review[J]. Chemosphere, 2021, 274: 129970. Tetrasphaera-dominated polyphosphate accumulating organisms at

[9] LIU Q, FENG X, SHENG Z, et al. Enhanced wastewater treatment different temperatures[J]. Science of the Total Environment, 2022, 842:
performance by understanding the interaction between algae and 156913.
bacteria based on quorum sensing[J]. Bioresource Technology, 2022,  [24] WFARLL, 284, BRA, %5, WASAL- W AL BRBAR AR DTS BERR 1], Jbat T
354: 127161. r K2R, 2016, 42(4): 585-593.

[10] MADDELA N R, SHENG B, YUAN S, et al. Roles of quorum sensing ~ [25]  #i7k{H, X A/O-MBBR T. 2 Ab B0 AR 1 15 K Ph BE R LS R [0). oh
in biological wastewater treatment: A critical review[J]. Chemosphere, [ FREERLE, 2022, 42(5): 2120-2128.

2019, 221: 616-629. [26] CHEN X, XU P, YANG C, et al. Study of enhanced nitrogen removal

[11] LIS, FEIX,CAOL, etal Insights into the effects of carbon source on efficiency and microbial characteristics of an improved two-stage A/O
sequencing batch reactors: Performance, quorum sensing and microbial process[J]. Environmental Technology, 2021, 42(27): 4306-4316.
community[J]. Science of the Total Environment, 2019, 691: 799-809. [27] skfnid, 2%, THER, . MBBR T.Z H TJFILFT5 /K 4R

[12] ABHAUER K P, WEMHEUER B, DANIEL R, et al. Tax4Fun: SEHESMT[I]. LK HEIK, 2020, 36(15): 78-85.
predicting functional profiles from metagenomic 16S rRNA data[J]. [28] LI J, DU Q, PENG H, et al. Optimization of biochemical oxygen
Bioinformatics, 2015, 31(17): 2882-2884. demand to total nitrogen ratio for treating landfill leachate in a single-

[13] CHU H, LIU X, MA J, et al. Two-stage anoxic-oxic (A/O) system for stage partial nitrification-denitrification system[J]. Journal of Cleaner
the treatment of coking wastewater: Full-scale performance and Production, 2020, 266: 121809.
microbial community analysis[J]. Chemical Engineering Journal, 2021, [29] WANG L, ZHAN H, WU G, et al. Effect of operational strategies on the
417:129204. rapid start-up of nitrogen removal aerobic granular system with

[14] FENG Z, LIT, LIN Y, et al. Microbial communities and interactions in dewatered sludge as inoculant[J]. Bioresource Technology, 2020, 315:
full-scale A”O and MBR wastewater treatment plants[J]. Journal of 123816.

Water Process Engineering, 2022, 46: 102660. [30] HE Q, CHEN L, ZHANG S, et al. Hydrodynamic shear force shaped the

[15] WANG P, YU Z, QI R, et al. Detailed comparison of bacterial microbial community and function in the aerobic granular sequencing
communities during seasonal sludge bulking in a municipal wastewater batch reactors for low carbon to nitrogen (C/N) municipal wastewater
treatment plant[J]. Water Research, 2016, 105: 157-166. treatment[J]. Bioresource Technology, 2019, 271: 48-58.

[16]  BUws, Zmime, AR, 55 AT KB MeEwRsstE  [31] ZHANG R, CHEN C, XU X, et al. The interaction between


http://dx.doi.org/10.1038/s41564-019-0426-5
http://dx.doi.org/10.1038/s41564-019-0426-5
http://dx.doi.org/10.1016/j.biortech.2019.122279
http://dx.doi.org/10.1016/j.chemosphere.2022.135327
http://dx.doi.org/10.1016/j.chemosphere.2021.129970
http://dx.doi.org/10.1016/j.biortech.2022.127161
http://dx.doi.org/10.1016/j.chemosphere.2019.01.064
http://dx.doi.org/10.1016/j.scitotenv.2019.07.191
http://dx.doi.org/10.1093/bioinformatics/btv287
http://dx.doi.org/10.1016/j.cej.2021.129204
http://dx.doi.org/10.1016/j.jwpe.2022.102660
http://dx.doi.org/10.1016/j.jwpe.2022.102660
http://dx.doi.org/10.1016/j.watres.2016.08.050
http://dx.doi.org/10.13227/j.hjkx.202007015
http://dx.doi.org/10.13205/j.hjgc.202112015
http://dx.doi.org/10.1016/j.biortech.2021.125663
http://dx.doi.org/10.12030/j.cjee.202102134
http://dx.doi.org/10.13227/j.hjkx.202004116
http://dx.doi.org/10.1016/j.chemosphere.2019.125371
http://dx.doi.org/10.2166/wst.2014.216
http://dx.doi.org/10.2166/wst.2014.216
http://dx.doi.org/10.1016/j.scitotenv.2022.156913
http://dx.doi.org/10.11936/bjutxb2015070009
http://dx.doi.org/10.11936/bjutxb2015070009
http://dx.doi.org/10.3969/j.issn.1000-6923.2022.05.016
http://dx.doi.org/10.3969/j.issn.1000-6923.2022.05.016
http://dx.doi.org/10.1080/09593330.2020.1754924
http://dx.doi.org/10.1016/j.jclepro.2020.121809
http://dx.doi.org/10.1016/j.jclepro.2020.121809
http://dx.doi.org/10.1016/j.biortech.2020.123816
http://dx.doi.org/10.1016/j.biortech.2018.09.102
http://dx.doi.org/10.1038/s41564-019-0426-5
http://dx.doi.org/10.1038/s41564-019-0426-5
http://dx.doi.org/10.1016/j.biortech.2019.122279
http://dx.doi.org/10.1016/j.chemosphere.2022.135327
http://dx.doi.org/10.1016/j.chemosphere.2021.129970
http://dx.doi.org/10.1016/j.biortech.2022.127161
http://dx.doi.org/10.1016/j.chemosphere.2019.01.064
http://dx.doi.org/10.1016/j.scitotenv.2019.07.191
http://dx.doi.org/10.1093/bioinformatics/btv287
http://dx.doi.org/10.1016/j.cej.2021.129204
http://dx.doi.org/10.1016/j.jwpe.2022.102660
http://dx.doi.org/10.1016/j.jwpe.2022.102660
http://dx.doi.org/10.1016/j.watres.2016.08.050
http://dx.doi.org/10.13227/j.hjkx.202007015
http://dx.doi.org/10.13205/j.hjgc.202112015
http://dx.doi.org/10.1016/j.biortech.2021.125663
http://dx.doi.org/10.12030/j.cjee.202102134
http://dx.doi.org/10.13227/j.hjkx.202004116
http://dx.doi.org/10.1016/j.chemosphere.2019.125371
http://dx.doi.org/10.2166/wst.2014.216
http://dx.doi.org/10.2166/wst.2014.216
http://dx.doi.org/10.1016/j.scitotenv.2022.156913
http://dx.doi.org/10.11936/bjutxb2015070009
http://dx.doi.org/10.11936/bjutxb2015070009
http://dx.doi.org/10.3969/j.issn.1000-6923.2022.05.016
http://dx.doi.org/10.3969/j.issn.1000-6923.2022.05.016
http://dx.doi.org/10.1080/09593330.2020.1754924
http://dx.doi.org/10.1016/j.jclepro.2020.121809
http://dx.doi.org/10.1016/j.jclepro.2020.121809
http://dx.doi.org/10.1016/j.biortech.2020.123816
http://dx.doi.org/10.1016/j.biortech.2018.09.102

#5113 e A A R N RV (S U G b7 L R X (RS N A E 3715

Pseudomonas C27 and Thiobacillus denitrificans in the integrated ik, 2019, 46(8): 1971-1981.

autotrophic and heterotrophic denitrification process[J]. Science of the [35] HUANG J, SHI Y, ZENG G, et al. Acyl-homoserine lactone-based

Total Environment, 2022, 811: 152360. quorum sensing and quorum quenching hold promise to determine the
[32] ZHAO Y, JIANG B, TANG X, et al. Metagenomic insights into performance of biological wastewater treatments: An overview[J].
functional traits variation and coupling effects on the anammox Chemosphere, 2016, 157: 137-151.
community during reactor start-up[J]. Science of the Total Environment,  [36] %50, K5, K, 45, AR T 2505 /K A BRALHE B 40 w1 S o g
2019, 687: 50-60. ST TP E KK, 2021, 37(23): 61-67.
(331 JRmBH, B0, =578, % AOT. e kG KAk i Rt i [37] FANG D, ZHAO G, XU X, et al. Microbial community structures and
FRATD). PRBE TRE2AHR, 2018, 12(3): 804-814. functions of wastewater treatment systems in plateau and cold
[34] ¥, AGR. I5AA B TS IR R A ANTS IR & 3 A4 HL AT 0] Bk regions[J]. Bioresource Technology, 2018, 249: 684-693.

(T4 % 3. #F)

Microbial community characteristics and their quorum sensing regulation in
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Abstract  Microbial community plays an important role in activated sludge. To understand the microbial
community characteristics and quorum sensing regulation in municipal wastewater treatment plant (WWTP)
using the activated sludge process, the activated sludge samples from a municipal WWTP in Tianjin were
collected, the microbial community characteristics were analysed by high-throughput sequencing, and their
quorum sensing regulation was also analysed. The results showed that there were some differences in the
microbial diversity and community structure of activated sludge samples during the year, which was mainly
caused by sludge bulking in winter and spring. Ferruginibacter, f Saprospiraceae unclassified, Terrimonas,
f Blastocatellaceae unclassified and metagenome were the dominant genera in the municipal WWTP, and
Candidatus Microthrix was the main bacterium causing sludge bulking in winter and spring. Analysis of quorum
sensing regulation showed that C6-HSL could inhibit sludge bulking, and 30C12-HSL could promote the
production of polysaccharides. f Saprospiraceae unclassified, f Caldilineaceae unclassified, SWB02 and
OLBI12 were the main C6-HSL producing bacteria, and f/ Bacteroidetes vadinHA17 unclassified was a quorum
quenching bacterium of 30C12-HSL. The functional prediction analysis by Tax4fun based on high-throughput
sequencing showed that the nitrogen and phosphorus removal performance of WWTP in May was slightly
inferior to that of other months.

Keywords municipal wastewater treatment plants; microbial community; quorum sensing; activated sludge

process
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