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Identification and Influence of Quorum Sensing on Anaerobic Ammonium

Oxidation Process

CHEN Shu-han', LI An-jie'*, WANG Yue-xing’, WU Ling-juan’

(1. State Key Joint Laboratory of Environment Simulation and Pollution Control, Key Laboratory of Water and Sediment Sciences,
Ministry of Education, School of Environment, Beijing Normal University, Beijing 100875, China; 2. Shenzhen Water Group Co. ,
Ltd. , Shenzhen 518001, China)

Abstract: Anaerobic ammonium oxidation ( ANAMMOX ), an innovative nitrogen removal technology, has good prospects for
applications. However, ANAMMOX bacteria grow slowly and are hardly accumulated in bioreactors. In this study, a UASB reactor
inoculated with sludge from landfill leachate treatment plant was used for the start-up of ANAMMOX process. Besides, exogenous
quorum sensing signals ( DSF and AHL) were added to improve the adhesion of ANAMMOX sludge. The results showed that the UASB
successfully started the ANAMMOX process within 150 days of operation. The total nitrogen removal rate reached 80% and the
proportion of ANAMMOX bacteria rose to 20% . There was a low concentration of AHLs signal molecules in the ANAMMOX sludge. If
the B-position substituent group of AHL added was a carbonyl group (including 3-oxo0-C,-HSL, 3-ox0-C,-HSL, 3-ox0-C,,-HSL and 3-
ox0-C,,-HSL) , the adhesion growth ability of the ANAMMOX sludge could be improved. In the case of dosing with AHL molecules
without B-position substituent groups, only C,-HSL and C,,-HSL could promote the adhesion of ANAMMOX sludge. The additions of
C;-HSL, C,,-HSL and DSF all had negative effects on the adhesion of ANAMMOX sludge.

Key words : anaerobic ammonium oxidation ( ANAMMOX ) ; quorum sensing; N-acyl-homoserine lactone ( AHL) ; adhesion growth;
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#ek, It B EA AESY) AHLs 594 B0E 1, e
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HSL . 3-0x0-C,,-HSL, 3-ox0-C,-HSL) , A K Jlii-2--}-

M- 11-H LR (cis- 11-Methyl- 2-dodecenoic acid,
DSF) ¥4Il [ Sigma-aldrich,8 Fl AHLs ) F sk
F, BCH R BE R 1 g L B SEERR T HH
afiyK J& i Milli-Q 6 &£ & 4t ( Millipore, Bedford,
MA) H: 7=,
1.2 JRAFEERMEF

DA Ah B 7 3 9 0 R ) T P e VR S RS
PR EARARTR 1. 1L 5 UASB SRy 8% . S
it ACRH AN THROK (% 1), fEisfradfEh, &I
[ (NH,),S0, Fl NaNO, ] A% i £ B 5 0 #5327 4R
BB N, 38 8 K B i oy =g T AR
35°C £ 1°C; /K pH A 1 i R 2080 I 9T, 35 46 7
7.5 +0.05; FIUR/K ISR BIE R 24 h, FiE S A%
(RIBA T8 A4 K 145 BRI ] 22 12 h.

F1 RESEUHEEERBKES
Table 1  Nutrients used for enrichment of ANAMMOX bacteria

(atgy] W /mg-1.7!
(NH,), 50, ot
NaNO, T AL
KH, PO, 27.2
MgSO0, -7H,0 300
CaCl, -2H, 0 136
KHCO, 500
O TCEIEW T 1 mL-L"!
Doyl 1 mL-L~!

1) CREW ] . 5 ¢- L~ EDTA Ml 14.6 g-L~' FeSO, -2H,0; f#
HILEBEW I 15 g-L~! EDTA, 0.43 g-L~' ZnSO, - 7H,0, 0.25
g-L~' CuS0,+5H,0, 0.24 g-L~" CoCl,-6H,0, 0.99 g-L~' MnCl, -
4H,0, 0.22 mg-L~" (NH,)4Mo,0,, -4H,0, 0.19 mg-L~" NiCl, -
6H,0, 0.014 mg-L~' H,BO,

1.3 REGESAEATS VMR AR -5 3 Rl
AHLs {5543 F BRI R FH i 4 o gkt
HUS R 75 P BT S0 mL 28 0. 22 pm 7K FR K
RIS, R O (bl ) SRR 3 Ik,
AR 28 RAF IR ZE K 2 1 mL J5 i FH B (i
4 VeI 2 10 mL I EE T, AW T,
A 1.5 mL HUERE 2, 0. 22 pom A HLIE RS 1
UE ISR AR A O, T 5 22 AHLs A0, HX
EEIRAE Agrobacterium tumefaciens JZA1[ KYC55
(pJZ372) (pJZ384) (plZA10), Ti-]HEFZE 100 mL
AT £ 3% 3 [ (NH, ),S0, 200 mg; MgSO, 7.8 mg;
CaCl, 0. 76 mg; FeSO,-7H,0 0.5 mg; MnSO, -H,0
0.22 mg; KH,PO, 1.07 g; F & H 0.5 ¢] ", 7F
28°C . 180 ~ 190 remin ' 535 12 ~ 14 h;
W REFRBOR 50 mL 2. 4% 5 K H/KBNRIR A )5
FEA)Ja DA A K B RE IR I p R R R BEBE S
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BI85 60 L 50 g- L' x-gal; FoJi, B 100 pL
15U IR IBOR R AR A B R R B SR LR
A 28°C AU THIRAR TP 537 12 ~ 14 h, WELH
AR L. SCE P B P PEXT B[ U A5 40 wL A N-3-
L M- -1 22 2 2 W B ( N-(3-Oxooctanoyl ) -L-
homoserine lactone, 3-oxo-Cg-HSL) (100 mg-L™") f&
SO VRIBAERT R (2 ).

AT-2 5550 F BRI R 2 e vk B
W ECHIREE ( Vibrio harveyi ) BB170 R T AB Bzt
HLFE 30°C 150 remin ' BFE IR BT A TH A A AR
16 ~18 h J& , K Dy, 4237 0. 7. B 10 mL A2
AT, L AR R SRR BV R, BRI B
fif AB 3R BL IR 5 VR B XS IR 44 #8125 000
AB SRS BRI AR RO IR 5. 4r BT 20 pl
A R BE R R B X R i E A
96 LI FL AR H, B RS B S Y B TR (4 FL 180
pL) JBAJEE T 30°C | 150 r-min " H 5S4
B3, BEJREY 7 b BE 30 min BUB—WK, FHREFRIY
L& G EE . iR AB 53R SLR I E R,
Bk 0.3 mol-L™" NaCl, 0. 005 mol-L~" MgSO,,
0.2% FRAK RIS E M (A& A 2) FH KOH 877 pH
7.5 )5, U8 K, SR 5 B 100 mL FFRFE P ImA
KEJGH 1 mL 1 mol-L™'BERREZZE W (pH 7.0) |
1 mL 0. 1 mol-L™"fHZMA 2 mL 50% HiHi.
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1 UASB P85 35 (175 e 42 Fh 2 S FLAFLAR
N INANESS &5, B e — e iR A9
B 5 o, F R IR SR S R AT e B SR o

(1) 25 SRR BRI MR B o B 25 S 36 A 5 il

FSUAN [ e B ) A B n & AL A v, L S
mL, HERINITT S TR, B 0% B A tE R
FH(35°C) HEEgE 24 h e E A YIS 2. HE
WA IE FH Dygo (600 nm K ARG ) (1 {E R 2%
fE, 23R ] Dy T} 0.2, 0.4, 0.6, 0.8, 1145
ABEEHERE BN i 6 AT AR HR
BIRIEFTEL )5 UASB 2 b i 7K AH [H], 90 46
FHSE R 50 mg- L' WASZECA 60 mg-L~".

(2) HEAG 5 T N R A A AL TS TR M 2
fiE 12

B2 W Y B BT ( Dy = 0. 4) I 2 ALAR
HRELIN S mL, BN B IR LS, T LR
FIMARTEIRE (0, 1,2, 4, 8 pmol-L™") 1 C,,-
HSL 5 50> 1, B4 6 AFATRE. T O s 3
Je  FEFEIRAR (35°C) G SR 24 h a0 SR P FE

B

(3) FEHAFGE S
HHESIHIR

B — 28 R B 1) TR A ( Dy = 0. 4) T2 G AL AR
o AL SmL, SN E SRS , PR LAk
APIA2 wmol « L ™" 9 F {5 5431 ( C,-HSL, C,-
HSL. C,,-HSL, C,,-HSL, 3-o0x0-C4-HSL, 3-ox0-Cg-
HSL . 3-ox0-C,,-HSL, 3-ox0-C,,-HSL, DSF) , 1% &
ZX FR IR B 6 - FATRE. HE D RE S S,
TEFEIR AR (35°C) H 8557 24 h J5, W€ T A P B
B E SR A W N R T A R R R
PRI
1.5 HMAEPR I AT 75 1%

A MLAEEGE A I 5E 2R 548000
J¥¥% (HACH DR6000 ) ; 5 Jfe f MLSS >R 1] & &
BT E s pH SR HACH pHCOT H R 5 , 1% i
SR ] HACH LDO101 Hi Bz, 43 Hir i 8
R Y G W) 22 A, S92 56 v SR v o A U ) vk
(Illumina MiSeq sequencing) I LR e AL
IR, B RM E. Z. N. A. ® Bacteria
DNA #HUAF] & ( Omega Bio-tek, Norcross, GA, U.
S. ) $& HUR A S Ak 15 VAR b A T LR 2H DNA
W HEHCE 19 DNA 58 33 PCR 73 16S BB A RNA
FE Y V3-V4 FIAE X, Bif 519 8 338F 5'-barcode-
ACTCCTACGGGAGGCAGCA- 3’ Fl1 806R 5'-
GGACTACHV- GGGTWTCTAAT- 3", JZ W 1k % & 20
pL(fL4E 4 pL 8 5 x FastPfu Buffer,2 pL % 2.5
mmol-L ™" dNTPs,5 wmol-L™"5[#) 4% 0.8 nL,0.4
wL 1) FastPfu Polymerase F1 10ng itz DNA) , ¥ 14
244 2 95°C f# 5% 2min ,95°C 30 s,55°C 30 s,72%C
30 5,25 MEFS,FE 72°CIEM Smin , BAEA Y3
Pt 3 WA, SR )5 N 2% B e e v ml i 4 1
F, k% Hl AxyPrep DNA Gel Extraction Kit ( Axygen
Biosciences, Union City, CA, U. S.) #{74lifk, i
QuantiFluor™-ST (Promega, U. S.)#f7E&E. &5
Braifb s P S EIR A, R A R HE Humina
MiSeq I F7F- 15 B AR IE AR ZE ST X5 (2 % 300bp ) I
. R K s $2 32 2] NCBI Sequence Read Archive
(SRA) BHla EFEAT Hxt | 234

2 HR5ITE

2.1 REREMTZs 7o
g K B R S AR EZ LR 5: 6,
Wb #E K AW E R 70 mg-L7' WA A R 84

Vi DOWNE =R ==K ] )
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mg-L_l s TEifrid g, HEIK & RZ W = & 250
mg-L ™" SR A AL HE 2 5 25 300 me-L~' [ 1
(a) ], 7K & A AN AN AR E A B, SR,
BEA K RV B 0 2 By, Hh KR Rk A AL
A IR = A R B AR, 7218 4T 150
dJ&, KRS R Y 100 mg-L~' DL b ST
75 mg- L' BAREMRRIAE] T 80% LA b, BAEFR
PR ORWE T K A A AR R T
% HRT, it o A 5 PR TR 5B D f

TE ARG, PR A AL T ( ANAMMOX) i
W5 i A & A AL B ( ammonia-oxidizing bacteria,
AOB) FIAH LA T ( nitrite-oxidizing bacteria, NOB) &
[RI7EE, % 85 AOB I NOB 7£ R T 3 4 4t it o
W AR TARKAE M AR A A iR A AL
AL SO Y R =, AT AHE S 3 A7 R

HEK A - AOB - ANAMMOX = /K& A (1)

KA A + AOB — NOB - 1. 32ANAMMOX

= K AE A (2)

NOB +0. 26ANAMMOX = H 7K fi§ & (3)

X 3 AR e TR KA A AL K
TR E 5 3 SRR SN A HH I FE Y S0 B2 22 1)
MIOC AR JE I 3X 3 A J7 BT ATH5 A [R) T A Y
RIHFER SE ML 3 Fh 4 A AE AUUE BR R R
WA AEiz17 150 d J5 BRSO A%
AOB, NOB FlI ANAMMOX £ H K # /e [ & 1
(b) 1, &5 W, Bz # vh DR S 2 A A T Y 7 T B
PR T U A s AL A AL AR T e TR T, R4
S AATA 2R B g AR R A O34
2.2 PREASAIIS R ERELEH

TER N ARIEAT 150 d J5, WISE T 50 # N T
SIEIERELE R (] 2). HP | Candidatus brocadia .
Candidatus kuenenia Fl Candidatus anammoxoglobus
YRR ERAEAEB" . Candidatus brocadia T
BESEA H) HE B3R 3] T 10% |, Candidatus kuenenia
A LR 8. 7% , Candidatus anammoxoglobus SRRl
H1.8% ; BMKE KA ARG L
Bl i T 209% . R RIS U8R RE 45 A
Candidatus brocadia F1 Candidatus anammoxoglobus
e e B A 1% , 1847 150 d J&, Candidatus
brocadia 1 Candidatus anammoxoglobus 7 {5 F 547
TRIGE FFE, IF BB =4 T Candidatus kuenenia
JE B IR A AR R R R A A AR A
HLEH A A R IR e 1 T PRS2 A AL 1 0 A AR
HE.

B 38 &
350 .
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Fig. 1 Nitrogen removal efficiency and nitrogen consumption

of different bacteria in the bioreactor
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