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W E IRAAE M (anammox) kL 15 U8 KNV 78 04 5 o & H TR N i AT . ﬁﬁﬂiﬁiﬁ%’iﬁ%ﬁfi
Ni#% (UASB) , #EMIMESE 5 7 F N-ik 3 = 22 0% P g (AHLs) , #R58 H X anammox 75 Je J50RL Ak 2 Fi () 5% i,
%48 anammox FRII5 IR T. 2 A sh . Z5RK W, B4 # N-DL-C it 5L &5 22 0% P I (C6-HSL) Hl N-DL-
Mt 5L 5 22 2 R Y iR (C8-HSL) {5 5 2r F 41 (R1) A F X I8 41 (R2) ' NH,'-N. NO, -N Al TN #J % B 2 4 51 Ky
87.09%. 89.13%. 76.83% Fl 82.37%. 84.39%. 69.49%. R1 Fl.R2 1 ki & >0.45 mm 1 75 Y& & Lk 24 50.67% F1
35.05%, R1 9750 Wk b2 5 & T R2. AN &4 (EPS) i bt e B (LA & o T 4% 2 PE 272 W) 43 %1 R 138.31,
116.95 mg-g”'c Anammox I BEFE K hzo, hzsB RPN #5 DI AL K #a# , H R1 & T R2. Anammox i J& Candidatus
Brocadia [ 48 X} = B 43 318 30.30% . 8.90%. 33 I & #1 C6-HSL i1 C8-HSL J& W] {2 i#f EPS 43 K A A5 5 4
F RO R, PRI T anammox B Y E 5, B0 T anammox 75 Y8 1 UKL AL FEFE . AR BF 5T AT SR anammox FURE
15 T2 B Pl g s R ik = 2%

KR IRAEA; Eﬁ‘*“m)%, {554 F; €6-HSL; C8-HSL

VE MBI R T2, anammox K H JC 75 40 ok T Frig: < . )\ﬁm%—%ﬁn’ﬁﬁﬁxﬂﬁza@f“ﬂ
Wokr VG YR ULREVERE I WG S . Purhid i sE . {H anammox YA KA S Z 2R . pH, K
VIR ESE AN AR R R T, A5 3 anammox T. 25 )7 shiMEE R . Anammox%ﬁ*ﬁ‘iﬁ%fiﬂj%ﬁﬂ’ﬂ
PR i Bl L AR N A AT

HEAR S (quorum sensing, QS) 248 W AEY) H &K & T RIS 540 7, W IA 1B A5 1 4n ek
IR 5 AH O L IR g kDY, BRI . #E T EREE L B RO % . Anammox AR
W A8 R A IR W AHLs 5540 1, B A G T Re B I g ik . MLAN R G W) (extracellular
polymeric substance, EPS) & %A FAT N, AWM BERIE N, B AHLs /5 QS DLl $5
EPS & A4 A, M5 anammox 14 & /4 75 g WUk AL ),

LIU %51 %P1 anammox B B B A0 175 5 4 F 1 C6-HSL Ml C8-HSL ¥ i f = . C6-HSL 1] g 3 ifr
ATE 1, C8-HSL X s i) Fo o 1 AT B M ke 3 OGS Y. ZHANG™ i o 75 UASB S i H s il
150 pmol-L™' C6-HSL, {i#F anammox FUKLT5 J& 0916 P25 1 16%, iK% T 1.08 kgkg '-d' (LA K
Wi HEA: 2022-11-10; RFABHA: 2023-03-21
E2EWHE: KEWTRHGHRIBE (19ZXSZSN00080)

E—EH: B (1999—) , &, W LB, 3275477189@qq.com; BRBIEIEE: EIF (1979—), &, WL, Bl #H#E,

wangfen@tju.edu.cn
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T e B IF Y FE N B3 . HAN 2 % B C8-HSL 78 B A B AT N 1.68 kgm >-d ' (U &F T,
Pk T S % 45 4 A EPS B ZE 5 (protein, PN) 43b, $hm 15 IR A TTRENE . i 1 B 2500 ) T 5 =X
R4 15 JK (upflow anaerobic sludge blanket, UASB) Jz i #% H1 43 5 8 il C6-HSL A1 C8-HSL, & ¥i i
YRR 0.5 gL' 1 AHLs 2x i anammox P RFAE K, (HREHE S LA MERE, JF R E R hzs A
Fik, HAET, WEHEE R TE C6-HSL 5 C8-HSL il 45 Jin XF anammox 1. 25 i &Pk AE 45 J 1 14 5
Wi, AHFESZBRAR ZR b, C6-HSL Fl C8-HSL [FJ I £77E, P, AWFIE £ 1HE5 $0n Co-HSL Al C8-
HSL PA#E Y H X} anammox 675 Y T 255 S A9 52 0

AW 5T #E UASB S 0 28 H 4% 15 7K T ) 43 75 U8 A anammox 15 J¢ LA 81 anammox k7 75 Je 5
45, FIBABONANELE 55> T C6-HSL Al C8-HSL, i i % 3346 I 5 43 A i /K R0 R i B . ¥
FEfE bR . EPS JRIEMKE | TSR kifs . ThfEJE R AR T =F B | AHLs Jft 1 vk B 55 DL ¥R 98 4h il AHLs X}
anammox 15 Y& FURL Ak i 72 A9 /E ] B H AT anammox B 3 14 A& AR A9 52 0, LI SA anammox FURL 5 e
TZME s =2%,
1 HRESE

1.1 SLIRE

ARSI R G FEEh UASB i 7 . % 3l Wtk 1
B KOBRINEEE R MK . KA R kfmmflﬂw
(1 1) . UASB [ i 5 3 1 47 BLE S b1 I ik

INFE 9cem, mARL15:1, KFL10L, ARk :
186 L. MK ZE 4 24 cm ik B — NHUEE |
M, MBI R, A B S |
PRSI 3 AL RS AN KR R, K i
PRI AE (35£1) °C. I FH I 3 52 ik /K A0 P 9 36 |

P LR AE 6 mh ' \ﬁ N
1.2 BE#MSRE B

A5 o B e 1S U Yok R A U A g KTk

I BUE

KA bokm KA

anammox {5 6 IR & 15 e, W & it & b | Anammox UASB & f R4 % & = 5
2010 FAxyg I I AR HE T R VS K AL HE T Fig. 1 Schematic diagram of anammox UASB system

anammox 15 6 B H 1 m® A9 R & 41t X 7 2%
(anaerobic sequencing batch reactor, ASBR) . %&F 5 IR & W15 ek B (MLSS) & 3.0 gL', IRE W%
I B TR A BE (MLVSS) A 1.6 g-L™', MLVSS/MLSS 4 0.53,
1.3 HEHUEK

S 0 FH A DL K R FH KK N ERC L AL (NHL-N) R AR AL (NO, -N) 43 31 5K V5 7% I
((NH,),SO,) FIF A4 R E (NaNO,) . NO, -N 5 NH,-N FEkFEZ L 1.3, HHHETEH . 7950
MRRER S (NaHCO,) 0.5 ¢- L™, Bk &40 (KH,PO,) 0.027 gL', Zfb%5 (CaCl) 0.18 gL', LKA
R EE (MgSO,-7H,0) 0.1 gL' ttAh, mAfLEITE I . WM, AW E N 1 mL-L', HE4
AAMARK 2 10 min, DABRZEEMA, JF/H 1 mol L™ # R (HCI) #8757 pH % 7.5~8.0
1.4 UASB R N EHIEE)

UASB e i #53i217 92d, 4 BB, RA LB K E2REF T AT — B, 5
13 KRIF4A, m) R0 % R1FEAN 0.1 pmol-L™" AY C6-HSL A1 0.1 pmol-L ™' () C8-HSL, [i] 52 1 %% R2
0.2 pmol- L™ % H B AN FR U, O [RIBY BE iy s [ . 7K TN K 345 B4 B[] (HRT) an& 1 i . JOv;
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v R1 A R2 1247 T 4L AHTA] . #1 UASBRNBFARMEMETIR

1.5 S E RN A Table 1 Operating conditions of UASB reactor at different

1) AL B R v R 1Y stages of stnup period

7j< KEE, 22045 pm JEPFITUE S5, A 4°C ¥k BBt il HEKTN/ (mg'L™) HRT/h
FEIRAT o 4% ORI K W 43 By o ik ) 1) '43 I 12 165 2

EI’J/W‘}???/%()WJEﬂ(ﬁT'Eﬂ‘T K FH A 5] - 4% 1 44 165 24

%ﬁ%%@%@%mﬁﬁﬁﬁiﬂg,*ﬁ m 18 &0 ”

N - (1-Z53%) - Z e 430606 B2 I 2 I i 280 W 8 M o

TR SR H SR A o 0 O B I A i AT 1
W SR E B2 MLSS; SR 5 df ik be - 5 74 0 MLVSSe 15 R ARFR 8 51 (SVIL) AR5 15
Jé i MLSS FlV5 IR TR L (SV,) 1A o

SVIs = SV5/MLSS 6))

2) I RRAR o Uk V5 e ki A2 SR MR FC O 20 16 52 o Bt SO0mL Je KR A9, Ryl i fLA&E h
2.00, 0.90, 0.45. 0.15 mm B A MG, FFH MLSS 1930 52 77 s 43 500 58 A [6) k7 428 90 e A o o
IR & A A et

3) EPS $& B K il 5 o X V5 e rh EPS #EAT 4R B, U B EPS #£17 PN, Z B (polysaccharide,
PS) il ", PN >R H Lowry Wil &l a2, D4R i & s Y, T 550 nm K~ H %40
S ICICEETFHEATINE , AR A S Y O R AR M IRt 55 PN YR . PSS SR FH R I VR R A I
VIH B bR AEYI T, FE 490 nm I K A0 R W G SRR AR R S 0% W B R o 265 PS MR

4) FEAA RN W) I A IR . 7 4% B B S R A DR AR B RE AR RN A B A R, 6 DR AR HE AT T AL
P, WAL . W—aEmi5lefE-80 C FRHTH24h, FR—E & Ti5F 50mL &.08
BUWINA 10 mL LR L BE, 7% 20 min, 2.0, B WGE 0.45 pm JERE (& 3K), A 1 mL
1 mol-L™" HCI, 43¢ % 500 mL A . A7 EIAHAEI, W42 1 mL, 3 0.22 pm JE M5 &8
VBORH €385 ST 36 ) (UPLC-MSS) Il 5 Hepfe e ),

5) 75 ¢ DNA #E 8. AR E VRIS Ak, EAR R By BEAR BUS P FE S #E L DNA. K A7
FIRE S FE I A% S, T4303 000 r-min ' 2.0 10~20 min J5 , F25 & TRAE M HE U DNA ff 58 i
FES, % E.ZN.A. Soil DNA Kiti# 7 & (Omega, Norcross, GA, USA) $&H5 8 & DNA, ¥ ir 15
DNA £ 5¥7-20 °C A7 -

6) SZ B} % #i PCR (QPCR) [ o $ HU ) DNA FE fih 0 A A &, 38 58 qPCR &2 16S rRNA S A
ST RE L AR 2, I PE YR SYBR-Green I 46 9l] gPCR., qPCR F2 )% 7E 95 °C 28 £ 2 min J5 I
U, SRIG AT 40 ME, BRI AEAEPE 95 °C 55, 1B AR 60 s 1 72 °C ZEAH 305, A [FFEA
0 5] B AR JOUR BE L 32 2.0 % R Y 7E 295 k BIO-RAD MJ Mini™ B #L #% 3547, BEHLLL CFX
Manager Software #F 17 5% B £ R 5 5 534 .

7)) e Y HRE B 9 DNA BE SO RRIAE &, DL 16S V4 X 514 (515F Fil 806R) £: ik PCR
yos, PR aifh,  SC & MR JE AT HiSeq UL 7 . 38 i X Reads PF $% 45 € . OTUs
(Operational Taxonomic Units) A HAT Y FIERE N FBE 3T, 8= HE S Y FP 4 B -

2 HBRE5TIR
2.1 BistEgE AR

ER BT, #EK TN R 165 mg-L's H & 2 0] %1, R1H NH,-N, NO, -N Fl TN 2 B 5 % i 4
hn, R2 T N AR, FEHS 4 K NH,-N, NO,-N Hi/K i B R, 2 J5 NH,-N., NO, -
N TN ZBRFEZ . 7EM BT, R1AY TN PR T R2, XF RI MR2 [ TN KRR 70T
FEA T 7007, 154 R A BEMIREALE (p<0.05)

BB T IF 4R R1 #1001 pmol-L ™' C6-HSL 1 0.1 pmol-L™" C8-HSL, R2 #4545 ity B i, koK
TN Ky 232 mg-L ™" (S2BR S 2% JE 1400 4R B B vk BE 165 mg- L") o BE & [ W g8 Y rstiafr, A MEREZ
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&2 qPCRYBIMFIIREFH
Table 2 gqPCR amplification primer sequence and conditions
H 1 EEH ElL7) 5173 B AGRLEE/ °C WEEE S0k
A438f GTCRGGAGTTADGAAATG
anammox 16S 58 250 [15]
A648r ACCAGAAGTTCCACTCTC
hzsB364f TGYGCVAGYTGYCAYTAYGARAG
hzsB 54 301 [16]
hzsB640r CTGAAHGGACTYCCBGTRAAYTC
nirS-cd3aF GTSAACGTSAAGGARACSGG
nirS 59 478 [17]
nirS-R3cd GASTTCGGRTGSGTCTTGA
hzoclF1 TGTGCATGGTCAATTGAAAG
hzo 55 473 [18]
hzocIR1 CAACCTCTTCWGCAGGTGCATG
ccsB1189f AYAATCCWGCYGTWMWVGTDGA
cesB 57 451 [16]
ccsB1589r GCWARRTTRTTRTCDKKATACCA
=g} BB 1T el BBV s Ffl‘.;’x‘ I BB T BrEcI BBV
EfNCe+C8
140 - gmeercs [ (M ~ B e 0 #EKNO-N [ Y
2 120F O#KNH-N | R1 233 O {H7/KNO-N
W 100F HIANH,-N Ty 2 30 .
£ 80] ‘ | £ 25006,
z % | N;
o F
Z g (o e 2 -
~140F 1 DESKNHN | HHIImD ~ %g gﬁ;ﬁg?g
21200 1 OKNHAN = ¥
2000 | 17KNH; Eﬂmm? R2 5 Bk @
= 80 [ I T | s 25
Z, 60 | | o
o 40 F G 2@@@ o 1ok
Z «o z 19
1 1 1 1 1 1 1 0 1
% 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
I el/d I} /d
(a) £ ZKNH N B (b) HEHHZKNO,-N¥
e BB 11 BrEcll  prEclv ez 1 B Il BBl eV
~ %28 L IC6-C8 | il ggg ﬁﬁuﬁﬁcs | (I
D140 F OiKNOLN  Hmm Rl = 350 0 #KTN i RY
B 1201 O HIZKNO-N | [ 2 500 I OIlKTIN [ [
E %‘3 150 (IO |
' > 100
= 5 « !@@O@%@)
0 0 I | Il ]
- (I 350 (I
N %?‘8 3 : O#kNON ! ~ 300 : O #/KTN '
= o 2 i T
B20f  ,  OduknoN T R2 Ly 250 O KN @EEEDI > R2
E 100k il 2 200
= g0 [T | E 150 |
e 60 | | | Z 100 @@ | C@E%C
S & = “‘ e
S 4218 «. e («««««(««««««««(««(««««( |
O 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 0 10 30 40 50 60 70 80 90
i E)/d il /d
(o) FEHHKNO,-NVK [ (d) HEHH /K TNV

VE: RUMEOMSMELS S50 T41; ROHIEG AL,
i# H 7k $ NH,*“N. NO,-N. NO,-N. TN 21t

& 2

Fig.2 Variations of NH,-N, NO,-N., NO,-N. TN concentrations in the influent and effluent
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Wrigag, R1. R2 H1 NH,-N. NO, -N FI TN LFrZ B EH M (p<0.05) . ZEME TR, Rl A NH,-N.
NO, -N Fl TN 2 B % 43 51l i5 #] 89.88% . 90.50% Fl 73.15%, NO,-N £ il & & 18.48 mg:L™'; R2 ¥
NH, N, NO, -N Fll TN % [ R 4> 5| ik 3 87.75% . 86.33% F1 68.22%, NO, -N 4 i &4 22.07 mg- L',
B 3FE B, iZak P RIL R2 891k 2% i 2 %0 ANO, -N/ANH,'-N ¥ { 43 % & 118 1.16, “ANO; -
N/ANH,'-N BB 535028 031, 038, #&M{E 5415, NH,-N 1 LR DL NO, -N iy A= il 34
FHISME . X AT HER T 24 K 28 7K DO Jy 1.04~1.56 i, il 4k 48 12 F) F-DO il %L Jit & Az wl Ak A
FH, AR T EBr NH, =N, M A i NO, N2,

B 1 ezl B gV iz 1 B 11 [57¢=4 1| B 1=\
904 | Boimce+C8 'T’i}mffwcs \

— N
[ -

S =
“wn O

1.5

ANO,-N/ANH,*N  ANO, -N/ANH,"-N
[\S R}
SO

‘0 10 20 30 40 50 60 70 80 90 00 10 20 30 40 50 60 70 80 90
Fisf 6] /d Ay al/d
(a) HHEFE LR (b) bt m R ik

3 NH,N. NO,-N. TN K[ ZT{L &% ANO,-N/ANH,-N. ANO,-N/ANH,"-N B2 1t
Fig. 3 Variations of NH,"-N, NO,-N . TN removal rates and variations of ANO, -N/ANH,"-N and ANO,-N/ANH,"-N

EMT B, $&FFEK TN 2270 mgL ' fEZB BT, W Al Ak RE T B, Rl S0 s 1)
Fegizfy, MAMREZWIKE . Rlc R2 k2211 i % ANO, -N/ANH, -N Fl TN 25 B 5 2 i 34 i .
TER BT AR, R1AY NH,-N. NO, <N I TN % [ % 3 ] ik ] 86.86% . 89.55% #1 75.07%, NO, -N [}
A M 22.47 mg' L' R2 i NH, N, NO, -N I TN £ & & 43 51 ik 5] 82.37% . 84.39% F1 69.49%,
NO, -N 4 i 0 24.62 mg'L ', iZ el # v R1 AL 4% 11 40 ANO, -N/ANH,'-N ${H ly 1.37, & T3
WAH (1.32) , ANO, -N/ANH,"-N #J{E°4 0.29, & FHIE{H (0.26) ; R2 AYfL2AiT 40 ANO, -N/ANH,"-N
PR 136, ANO, -N/ANH,-N ¥J{H 4 0.32, fUbel WL, BENME5 515 F T 0k 5 54 3 50 )
anammox J5 [7] & J& . R1 A TN [R5 5] 70% LA b, K INZJE, fE13dNaKE, i
R2 i TN EBRZRALLE 70% LA T, X Ui I3 Co-HSL H1 C8-HSL A F| T4 2 i A MEREAIIK & .

W BLIV . Ak 2282 7H /K TN 2 350 mg-L™', RI. R2 fF NH,-N, NO,-N Fll TN Z= 5% g 2 14 fin
(p<<0.05) o TEMELIVA, RI Y NH,-N, NO, -N Fl TN 2= 5 %43 51| ik 2 87.09% . 89.13% Hl 76.83%,
NO, -N Ay 4= il & 4 25.68 mg-L™'; R2 A NH,-N. NO, -N Al TN 2 Bk K 4> 5] i5 %] 81.07% . 84.70% Fll
72.18%, NO,-N [yE il 0 24.68 mg-L™' . iz #2h R1 A1 R2 4k 2411 5 %0 ANO, -N/ANH,"-N ¥J{H
43R 1.28, 1.29, ANO, -N/ANH,"N #J{E 53518 0.20, 0.22, K FHISME . X ol R RG>
a2t HGE AL B RS A B R A% NH,-N R NO,-N i % 19 o 7F 4% i C6-HSL #1 C8-HSL # [a] , R1
NH,-N. NO,-N. TN ZFRZ=H 5T R2, G C6-HSL Fl C8-HSL A By T4 = 5 sh W & &
22 ERIMEMESKESH

FE B By BEAR B — 28 12 V5 TR A I L I & M RE MR AR 40 A o R1 AT R2 1975 V8 i vk B 7E 3 gL
PR, R1FIR2 ) MLSS ¥ e T REJE B AR S. 52 TREAY IR B2 A s w0 0175 e A 8 i e
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B R, 7F BTHREIE SRR 1T, BRI IR H KR o R1 A SVIG A 96.70 [ = 44.10,
R2 4 SVI, M\ 104.90 [% % 56.65. R1 Hi5 e SVL KT R2, W] R1 IG5 IR MITTMEIERE T ALY, X%
BB A $0 C6-HSL A1 C8-HSL 3 Bl F 15 R TR PERE () 2035 (p<<0.05) , ELXFT5 ek 5 A i & (e kA

i (p<0.005) .

— A, FEREURCRLAR KT 0.2 mm AYT5 TR AR AR5 PP RS Ve H s B 55% B, AT IA
SRR RECR AR 14 4 R, fEB 015088 mm Loy <osmm |
Bt A, RIP R4S > 0.15 mm Y 75 Je ik 5 100% gy
57.44%, X Ui W] RIZE 45 S6 K 56 M T mm | LD INE N
anammox 1 KL 15 U8 5 G5 4 8. 60 B K g R i
R2HRLAE > 0.15 mm M9 75 9 B 4 WL BIAL Y E ee B B
53.37%, X4 R2 i oK 58 il anammox k7 {5 5 **

CES R = N
AR K 0.45~0.90 mm i 75 I8 I 2085 SR & < 200}
Wy B A Ak MR RE B P RLHPORL AR TE
0.45~0.90 mm Ay ¥5 P 5 b M 4.93% 1 = ¥ R ® R R R R R R
17.05%, 3% fn T 13.88%, 1 R2 ' ki 42 78 Preel ogBn o B BBV

0.45~0.90 mm iy 75 ¥ 5§ L M 7.67% 1 &= E4 FEME RIS R2 P RERETRASEHENL
1542%, ¥INT 8.45%. WHZE 45 B Btk K it Fig. 4 Proportion of sludge with different particle sizes in R1
WS, KER SRS A PR, X and R2 changes at different stages
Al fEJE B EPS 1Y 23 Wh B 3 A W) B T 45 H A8 A it S 1Y . TANGPY B 5% 1 A I8 T8 N5 5 4+ *t
anammox R I5 Je I FE I, R ILAMIEER N 2 umol - L' 1) €6-HSL . C8-HSL fii {5 Jé 1Y 47 B 4% 43 1) 1
T 8%. 24%, M{EHE T anammox V5 IeAY R AL FERE . 45 R S ARM 45 R —3. Rl fikiTs
Je i e B B K T R2, R A B Co-HSL Al C8-HSL ] {1 ik ik: 75 Jé i HL B3 An, A il T
anammox 15 Je MR AL 2
2.3 EPS &34

A S v EPS B 4r L PN A &, AME$ N C6-HSL #1 C8-HSL ] i ik 15 ¢ EPS 9430, ¥
S PN 43 W, HEO0 20 B 26 T A R oK PR, TR SRR I R A K. K3 RW, BEE K

TN Z#i i, R1F1R2 [y EPS Jif i ¥k 32 14 3% %3 TREKER RIFR2 B0 EPS REIRE . PN/PS

W, SCHk [24] 5 1Y EPS Jot i W 5 19 3 fin Table 3 EPS concentration, PN/PS of R1 and R2

A F T anammox [ i Y B8] 4 FLAH K B 5 45 I at different stages

41 Jifg 52 3t o 1A E RS R AR R, X SR EPS/(mg'g”') PN/PS

40 A B A AR BL— 3. PN B K M) IR Pt RI 2 R R

PN/P?_EI’:J PR AT MG 5 P AR B K M, AT G T - 50,97 v o

fih 2 355 e SR AL TR R B, o AR AR W A e S 12012 10405 s 20

B 55 T DK T 8 S o I AR SR AR O, ' ' ' '
BB T 163.99 146.39 226 2.09

2.4 e¥H AHLs 734
5 AR B o BURE Ko T AHLs (4 5 5 43 FrEgIv 184.74 179.68 2.64 2.34

B, Ja s 2] 4 F AHLs {5 5 0 F, 435

& C6-HSL. C8-HSL. Cl14-HSL. 3-oxo-C14-HSL. ¥ 53 W, AHLs {55 &S HEF S,
R1 110y C6-HSL 7EBTBx T AR B 70 80k 248.90 ng-g ™' MAEMF B 1 ZFrBe IV, C6-HSL Jit & 53 857
SR 1071.50, 984.80. 95240 ng-g™', MFSA NRE, HIHH B 1 8k 4 £%, R1 A% C8-HSL Jit
EOEEN B T 2BV 2T m o X vl B s o B A i C6-HSL Al C8-HSL i /K #H H AHLs Jit
WA EUR I INIA ] QS RS B, PTG AH G I g % AHLs & W7 (1) 3£ [ Lux] i £ ik,
IRkt 3 2 19 AHLs., R2 1 C6-HSL it it 73 B AE B B [ Z B Be IV 4301l of 184.00, 286.81., 292.20,




1098 ok L B ¥ W EEAVE S

1800 - 1800
1600 F R1 1600 F R2
1400 = ey 1400 + e |

2 1200} ZAprEc 2 1200 F = AW B

Z == Z Esll===a\

ko 1000 | ko 1000 -

2 2

< 800t < s00f

= =

Z 600 Z 600t

400 | 400 |
200 | 200 |
= = PO 8 i = i ) = ,_I_,,_i,.ﬁ__‘
C6-HSL  C8-HSL CI4-HSL 30CI14-HSL C6-HSL . C8-HSL  Cl4-HSL 30CI4-HSL
AHLsFh2 AHLsFh
(a) RIFFR R AHLsHe i 25 4k (b) R2FA [RIAHLsH 75 1k,

5 TEIME RIS R2EHEPATE AHLs HIRESHTWL
Fig. 5 Concentration changes of different AHLs in R1(a) and R2(b) sludge phases in different stages
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i

C6-HSL Fl C8-HSL Wy Ik & B hm & & 17 /AR LB & . &8 C6-HSL A1 C8-HSL {2 i 5 UJé 43 W
EPS, &S HAGE S0 FRIN TR, JE— it v5iR 2 R ol 3R A M R ks Ak ad B, 38K T ks
VG di b, IR T anammox 15 U6 Y PURIAL FERE . R1 7 16S tRNA ., hzo. hzsB. cesB. nirS F& K # I
B4 B Candidatus Brocadia [ J& 1Y 3 & P 18 & T R2. # i C6-HSL M1 C8-HSL A F] F 1 fig 3
AEXT =F B B9 42 5 S anammox B 19 AR KRN B A

£ 3wk

MADEIRA C L, ARAUJO J C D. Inhibition of anammox activity by
municipal and industrial wastewater pollutants: A review[J]. Science of
The Total Environment, 2021,:799(10): 149449.

CAO Y S, VAN LOOSDRECHT M C M, DAIGGER G T. Mainstream
partial nitritation-anammox in municipal wastewater treatment: Status,
bottlenecks, studies[J].
Biotechnology, 2017, 101(4): 1365-1383.
FENG Z L, GUM Q, SUN Y P, etal. Potential microbial functions and

and further Applied Microbiology and

quorum sensing systems in partial nitritation and anammox processes[J].
Water Environment Research, 2021, 93(9): 1562-1575.

PAPENFORT K, BASSLER B L. Quorum sensing signal-response
systems in Gram-negative bacteria[J]. Nature Reviews Microbiology,
2016, 14(9): 576-588.

HU H, HE J, LIU J, et al. Role of N-acyl-homoserine lactone (AHL)
based quorum sensing on biofilm formation on packing media in
wastewater treatment process[J]. Rsc Advances, 2016, 6(14): 11128-
11139.

LIUL J, JIM, WANG F, et al. N-acyl-l-homoserine lactones release and
microbial community changes in response to operation temperature in an
anammox biofilm reactor[J]. Chemosphere, 2020, 262: 127602.

HHCIE, 8, AREIRAE. BEARN (5543 F AHLs IR (LR SR & S AL i
FRLEIR[J/OL). 385 T.#2: 1-11[2023-04-11]. http://kns.cnki.net/kcms/
detail/11.2097.X.20221219.1615.002.html.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

ZHANG J, LI J, ZHAO B H, et al. Long-term effects of N-acyl-
homoserine lactone-based quorum sensing on the characteristics of
ANAMMOX granules in high-loaded reactors[J]. Chemosphere, 2019,
218: 632-642.

HAN H, L1J, ZHANG J, et al. Enhancing the treatment performance of
partial denitrification/Anammox process at high nitrogen load: Effects of
immobilized strain HFQS8.,; on the
Bioresource Technology, 2021, 341: 125870.
s I I, 527K, TR, 4. SNE A J5 P R Z A AR R [1].
T EBREERLE, 2018, 38(5): 1727-1733.

FA Ao ARE S i DR A S AL T 2R A B R 5 Ve PR RS P9
[D]. FA/REE: BRI Tolk K24, 2016.

LIU L J, XU S H, WANG F, et al. Effect of exogenous N-acyl-

sludge characteristics[J].

homoserine lactones on the anammox process at 15 C: Nitrogen
removal performance, gene expression and metagenomics analysis[J].
Bioresource Technology, 2021, b,341: 125760.

FE KA SR ACRUE AW AT 77 2 M. 4R Jb s I PR
Bl R, 2002.

B B TR S AL Y IR S BB T L S R BRI [D). 1
IRIE: M JRIE Tl K2, 2018.

HUMBERT S, ZOPFI J, TARNAWSKI S E. Abundance of anammox
bacteria in different wetland soils[J]. Environment Microbiology

Reports, 2012, 4(5): 484-490.


http://dx.doi.org/10.1007/s00253-016-8058-7
http://dx.doi.org/10.1007/s00253-016-8058-7
http://dx.doi.org/10.1002/wer.1538
http://dx.doi.org/10.1038/nrmicro.2016.89
http://dx.doi.org/10.1039/C5RA23466B
http://dx.doi.org/10.1016/j.chemosphere.2018.11.170
http://dx.doi.org/10.1016/j.biortech.2021.125870
http://dx.doi.org/10.19674/j.cnki.issn1000-6923.2018.0201
http://dx.doi.org/10.1111/j.1758-2229.2012.00347.x
http://dx.doi.org/10.1111/j.1758-2229.2012.00347.x
http://dx.doi.org/10.1007/s00253-016-8058-7
http://dx.doi.org/10.1007/s00253-016-8058-7
http://dx.doi.org/10.1002/wer.1538
http://dx.doi.org/10.1038/nrmicro.2016.89
http://dx.doi.org/10.1039/C5RA23466B
http://dx.doi.org/10.1016/j.chemosphere.2018.11.170
http://dx.doi.org/10.1016/j.biortech.2021.125870
http://dx.doi.org/10.19674/j.cnki.issn1000-6923.2018.0201
http://dx.doi.org/10.1111/j.1758-2229.2012.00347.x
http://dx.doi.org/10.1111/j.1758-2229.2012.00347.x

54 BEAESE . AMITAHLs O RS AL IURLTS JEUAS B Bl 2 0 1101

[16] SCHMID M C, HOOPER A B, KLOTZ M G, et al. Environmental [23] TANG X, GUO Y Z, CHEN S S, et al. Metabolomics uncovers the

detection of octahaem cytochrome ¢ hydroxylamine/hydrazine regulatory pathway of acyl-homoserine lactones based quorum sensing
oxidoreductase genes of aerobic and anaerobic ammonium - oxidizing in anammox consortia[J]. Environmental Science & Technology, 2018,
bacteria[J]. Environment Microbiology, 2008, 10(11): 3140-3149. 52(4): 2206-2216.

[17] THROBACK I, ENWALL K A, HALLIN S. Reassessing PCR primers [24] HOU X L, LIU S T, ZHANG Z T. Role of extracellular polymeric
targeting nirS, nirK and nosZ genes for community surveys of
denitrifying bacteria with DGGE[J]. FEMS Microbiology Ecology,
2010, 49(3): 401-417.

[18] ZHOU Z, CHEN J, MENG H, et al. New PCR primers targeting

substance in determining the high aggregation ability of anammox
sludge[J]. Water Research, 2015, 75: 51-62.

[25] LIU Y Q, LIU Y, TAY J H. The effects of extracellular polymeric
substances on the formation and stability of biogranules[J]. Applied
Microbiology and Biotechnology, 2004, 65(2): 143-148.

[26] SHENG G P, YU H Q, LI X'Y. Extracellular polymeric substances

hydrazine synthase and cytochrome ¢ biogenesis proteins in anammox
bacteria[J]. Applied Microbiology Biotechnology, 2017, 101(3): 1-21.
[19]  zZsifgsh, 24, SRAS, 45, JHHASELIE RITTE i A1 5280 ANAMMOX 0k
e B K HAR B T[] BREERIE, 2019, 40(2): 837-844.
[20] KREUK M D, KISHIDA N, LOOSDRECHT M V. Aerobic granular
sludge —state of the art[J]. Water Science& amp; Technology, 2007,

(EPS) of microbial  aggregates in  biological wastewater treatment
systems: a review[J]. Biotechnology Advances, 2010, 28(6): 882-894.
[27] WATERS € M, LU WY, RABINOWITZ J D, et al. Quorum sensing

55(8): 75-81. controls biofilm formation in Vibrio cholerae through modulation of
[21] JEBRTE, skbk, ARTGIE, 25, SLah K R S N S DUt 2 3 K ks cyclic Di-GMT levels and repression of vpsT[J]. Journal Of
PWIER[I]. Tolb /K AL, 2020, 40(11): 66-69. Bacteriology, 2008, 190(7): 2527-2536.
[22] ZHU G B, WANG Y S, MA B, et al. Anammox granular sludge in low- [28] VANDER STAR W R L, MICLEA A I, VAN DONGEN U G J M, et
ammonium sewage treatment: Not bigger size driving better al. The membrane bioreactor: A novel tool to grow anammox bacteria as
performance[J]. Water Research, 2018, 142: 147-158. free cells[J]. Biotechnology and Bioengineering, 2008, 101(2): 286-294.

(TAE% 5. 37))

Effect of AHLs addition on start-up of anammox granular sludge-based UASB
reactor
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Abstract The start-up of anaerobic ammonia oxidation(anammox) granular sludge reactor is an important
challenge for its engineering application. In this study, the exogenous signal molecule N-acyl homoserine
lactone (AHLs) was added to UASB reactor to explore its influence on the granulation process of anammox
sludge and provide a basis for the start-up of anammox granular sludge process. It was found that the removal
rates of NH,; "N, NO, -N and TN in signal molecule group (R1) added with N-DL-hexanoyl homoserine lactone
(C6-HSL) and N-DL-octanoyl homoserine lactone (C8-HSL) together were 87.09%, 89.13% and 76.83%
respectively, and in methanol control group (R2) were 82.37%, 84.39% and 69.49%. The sludge with particle
size >0.45 mm in R1 accounted for 50.67%, and that in R2 accounted for 35.05%. The granulation degree of
sludge in R1 was higher than that in R2. The extracellular polymeric substances (EPS) concentrations of R1 and
R2 were 138.31 mg-g 'VSS and 116.95 mg-g 'VSS, respectively. The copy numbers of functional genes /zo and
hzsB-of anammox showed an increasing trend, and R1 was higher than R2. The relative abundance of anammox
genus Candidatus Brocadia was 30.30% and 8.90% respectively. Therefore, the addition of C6-HSL and C8-
HSL can promote the accumulation of anammox bacteria and accelerate the granulation process of anammox
sludge by promoting the secretion of EPS and the endogenous release of other signal molecules.

Keywords anaerobic ammonia oxidation; granular sludge; signal molecule; C6-HSL; C8-HSL
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