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Quorum sensing in anaerobic ammonium oxidation bacteria
DING Shuang,ZHENG Ping* ,ZHANG Meng, LU Huifeng

Department of Environmental Engineering ,Zhejiang University , Hangzhou 310058 , China

Abstract: Anaerobic ammonium oxidation ( Anammox ) is a unique anaerobic biological reaction which converts ammonium
and nitrite into nitrogen gas and plays an important role in the nitrogen biogeochemical cycle. It is now estimated that
Anammox might contribute more than 50% to global present day nitrogen losses from the ocean. Anaerobic ammonium-
oxidizing bacteria ( AAOB) as the responsible chemolithoautotrophic bacteria are grouped into the phylum Planctomycetes.
Now a family of Anammoxaceae including five genera, ten species of AAOB are established. AAOB have some distinct
characters in the physiology, metabolism and cell structure. AAOB are chemoautotrophic bacteria which use carbon dioxide
or bicarbonate as the main carbon source and ammonium or nitrite as the energy source. AAOB produce hydrazine or
hydroxylamine as the very unusual intermediates. AAOB have a particular cell wall structure, cell membrane component and
inner cell structure. Currently Anammox are one of hot-spots in the fields of environmental science, microbiology and
marine science. So far, however, AAOB have not been isolated and cultivated in pure culture, which has become a great
obstacle in the related studies. Besides, applications of Anammox process are also limited without making AAOB’s
characters clear. Quorum sensing may provide us another perspective to understand AAOB. Quorum-sensing is a common
signal sensing mechanism by which bacteria monitor their population density. Quorum sensing system allows bacteria to
regulate their gene expression according to the population density and the environmental condition so as to alter their
behavior on a population scale. The ability of rapidly altering gene expression and consequently behavior in response to a
dynamic environment give bacteria the plasticity to survive in rich, neutural and hostile condition. Bacteria communicate
with one another using chemical signal molecules termed autoinducers. In quorum-sensing bacteria, chemical

communication involves producing, releasing, detecting, and responding to small hormone-like moleculed autoinducers.
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Bacteria use autoinducers to communicate both within and between species. Both species-specific and specific-nonspecific
autoinducers exist. Now there are about four types of autoinducers including acylated homoserine lactone ( AHL),
oligopeptides, furanosyl borate dister( FBD) and some homologues like epinephrine or norepincphrine in quorum sensing
system. Differernt bacteria have differernt quorum sensing network architectures. They include parallel quorum-sensing
circuits,, sequenced quorum-sensing circuits, competitive quorum-sensing circuits, on-off switches quorum-sensing circuits
and so on. As to AAOB, they have shown some quorum sensing characteristics. AAOB take on Anammox activity only when
the cell concentration is higher than 10'°—10"" cells/mL. The formation and hydrolysis of extracellular polymeric substances
(EPS) have some to do with the population density. Based on the current studies, we firstly analyze the possibility whether
AAOB hold a quorum sensing system. Then we discuss the working mechanism of quorum sensing system in AAOB analog to
that of Vibrio fischeri and Pseudomonas aeruginosa which are two model microorganisms for quorum sensing study. Finally
we explain the ecological significance of quorum sensing to AAOB’s survival. All the disscussions aim to give some
enlightenment for learning the specific charcaters of AAOB which may be helpful for pure culturing and making better use of

Anammox process.

Key Words: anaerobic ammonium oxidation bacteria; quorum sensing; autoinducer; working mechanism ; competition

KA & S A (anaerobic ammonium oxidation, Anammox ) A& LAEE Ay H T HEAACKE Wi R $h 54 1k BV A Y i
B 1) REA S A AL B (anaerobic ammonium-oxidizing bacteria, AAOB ) 2 FHAC 27 512 20 o 45 #4) 45
Y HAE ARG R EEAEN Y AT SO T AR S L O PR (I T T 48 s

NH}+1.32N0O, +0. 066 HCO; +0. 13H*—1. 0N, +0. 26NO,+0. 066 CH, 0, 5N, ,s+2.03H,0 (1)

BRI, 4 AAOB RAEBEATALR SR X R T AMTX AAOB IR AT, fE AAOB HIBTIEH K&
B N AN B T 10°—10" AN/mL i, AAOB A RE S B0 Anammox ¥k, AAOB (1 33 F 20 it 2
SN 5 20 T Tl A7 AE A BER BN ( Quorum sensing, QS) BRGAAT , BB N S — bt ok A7 A T (A W 40
2 V6] 3 TROBIL A, LA AR A B T 2 R ) T B 358 2 A 14 35 DR 8 3k AR 0 B R UARA T R I T RE S . AR Sl
XF AAOB BEMAIERN 2R GEAATE AT REVE | T RE A TAENLHI Sz HoA: 352 3 SUVE— 83, LU AAOB 73 B 15 5%
RIUKE TS RS,

1 RESEUEHERNREFENAIENE

TERRF A R AR W7 7 A2 —25F5 oy 3 75 549 ( Autoinducer, AT) YA A(E 5401, I3 WA 3] J&] Rl 24
S5V 5 20 TR T 2o RN X [ S R M O ) LA T A R 5 R R A B I B, 20 T TE R A
P — BEAR SCIE R I ek i R A A ket AR AT T R S R Ak
PRI AR AR AR WY B A A TR 2 D) R 1 T AT A BRI N A
Z AP AN A B P Iy R o EE A A

AAOB A 4~ LG AF 4 BE AR, . — J& Anammox 16 P 19 % BEAR IS4 T 075 Z 02 AAOB 14 4 I 47
RUEPE B AAOB BARIRALER Y, L) AAOB [ BN 1 TC R GERESE . (HE A DR R BT
AAOB A 1T GEA FHREMAJEN, R G4 Anammox 1§ TERIARITH . EEIEIET .

(1) FATEBREMsME BIRFT R 2 I v 3 A7 7R R A SR N | L 252 B R 285 3 gt 9% EQ I B
(Vibrio fischeri) B % Y64 ; Strous %57 HF 55 26 AAOB HUA 7E40 il 2% 755 T~ 10°—10" >/ mL i, A fig i i
1 Anammox {524, #EM Anammox T P4 1 %25 BE AR PR AR AT 7T B8 S HFIARIERN, REEAT G, AN, 4R A Y R R B
A2 240 R 2 AR R 1) — P B 2t S AR A T B DI OC R P AAOB FEAE K B AR A LA
A=Wy AR R B X CANBRL IS U8 A= WA ) A7 AE (181 1), B B 4B A1 5 i A LG, HEDN AAOB YAl
R 5 R T R AT RS R AN R A O

(2) BAABESYE RS FHRRN RGN A7 Y2 — 2N T, e AT DU i e i
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Fig.1 Anaerobic ammonium oxidation bacteria in form of aggregates!'®’
W F M E E A AR . AR RSN acyl Acp
4 25, (D K2 CHI MR & A 1 N-C Bk Ak & 22 R N
fi§ ( N-acyl-homoserine lactones, AHLs ) 21k & %), 8 K
Autoinducer-1( Al-1) , EE RN ET ", @ % K
> FC BH M40 R & A A B K (serected peptide ) '), @) # zHN/t\ <Nf) SAM
2K BA/FH fizm%/a’\ﬁm%uﬁﬂmﬁaggﬁ(furanosyl !

( OH OH

borate dister, FBD) Z84L-& W, ¥ H Autoinducer-2 ( Al-
2), FEMEMECET Y, @ HAKE LR Rk
EHE FIRELEY, %?’U Autoinducer-3 ( AI-3) (27 0 o Q o
522 [CFIPE B A BN R 58— A LuxR/T B4R /\/\MN %L)
WRGS AU NIRRT A ) N-Bh b 22
2 P9 B ( N-acyl-homoserine lactones, AHLs ) 27 4= W) .
AHLs — ¢ fH £ Bt AL 2 AR 8 1 (acyl-acyl carrier protein, 2 AESYBRLSLEBNENEHRED
acyl-ACP) Fl S-5 17 I T 202 ( S-adenosylmethionine, ~ Fig-2 The biosynthetic pathway for acylated homoserine lactone
SAM) & Lux] %45 B 1P R AR, R =il (A0
TR ( Methylthioadenosine, MTA) (& 2) ) acyl-ACP aCYIjACP: “ M e ﬁi%hlél::SJiM; SRR AL
autoinducer: 9175 Y 1 55 22 Z R R

1 SAM SEAR MR AT Y Hh E] 79, AHLs & 105 B 107 R
TRV . AAOB & #5 % [ BAPE T, Strous 45250 ) FH 22 3 R 412 £ R 3R T Kuenenia stuttgartiensis
(AAOB [ —F) BB T RRACE BE I 25 R (B3) o Horh FE7ES RS SAM il acyl-ACP B R I A S HE A
Rattray 45" SR F HUERFE IR 41 22 B R R B, AAOB 14 B I R & WA A — 30 43 A W R A )il ( FAS ) T AIAR
W CTIFR FASTD)  HARSHL AR =2 SAM acyl-ACP 55 1[I =4 ; White 552 48 1, FAS 1T 78 () i 15 2 75 1
A ] 8 i 6 U e TR PR RN, R 48 5 540 5 iX AR K2 — 2D EW] , AAOB B 6 1K
HE YIS, EETEILHEWT, AAOB HAT A AHLs (¥ J7, 1T LA 1 AAOB S R A 1A 8 Ay 5 57
%G AHLs , A5 S:9 096 07 X T Be 5 2 AN 2 == TCBAE A — 30,
2 RE[ENWEBHERN RGN TIENLS

HRAE 7 S0P 5 LA B oy 455 2, 0 B R IER B, R L LA R 3 287 (1) L IRBATE R Y
LuxI/LuxR BUE B R S5; (2) 22 BB 1 K AT S 85 8 R 585 (3) Vibrio harveyi ) AHL F1XUIT
LEATIEB RS, WA, FE Myxococeus xanthus Wik % BT 8 B R REIAC RN, R4

AAOB FHARERN R G0 RA AR 7 VEEBILIF SR 8 2 H A& 9 2= [CE T 2% [SOIEA ( Vibrio fischeri ) I
LR BEFT B ( Pseudomonas aeruginosa ) WA 22 5 MK , X AAOB T BEAFAE B FEAAR BN, 2R Se i 1 #E B
30T H5A Anammox T P IR FE AR ME T AAOB (W 2E M AT R Mk HEKT AAOB H ] BE A7 W R sl P b L

AHL autoinducer
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TRJER 2258 (43 90 45 440 Anammox 35 5 1) %55 B 446 i A4
REACERN, R G0 FT AAOB 1A= ) 141 3R RUBFA IR N R 4t , 1
FRA AAOBQS1 A1 AAOBQS2, fBE H AT 9 AHLs,

AAOBQS!1 AJ BEZEARL T 2% [RHIKTA ( Vibrio fischeri) 1Y
RN R 40, HI 5 Lux/LuR % (& 4), 7 AAOBQSI1
o Amx] JEHELL AHLs & B S EE S , AmxR 2 46 I Al
TN AHL 455 A , ama Z 45 #EAL Anammox SV
1) B (11T R 2 6 K i iy 2 A A i ) 1 SR T
7E Amx] IHEILVERT , AR 4 — @ 219 AHLs, F+5
WEIZNAE AL, S0 % A #] 10°—10" AS/mL DLk
b, AHLs ¥ Bt ik 1) B {E, AHLs A1 AmxR T B A0 35 P
HAEWAT LIS amy B S5 G I8 20 T UL R R 055 5%
1E A 8 Anammox [ N G B B B A A, B Al 75
AAOB SR A A A LTI RE

fE AAOB &, ARSI & B AAOB &%
SR AR TE R 5 U8 HLIBURE VS PN 2 JO PRI K — 8
AT (MR R 7 ) 25 B0 AAOB B0k 5 I8 fiff 28 Bt
S TR IE W 4005 , AAOB ki 159 X2 YO8 i,
AAOB U5 U 1 52 H0E T SR 28 A0 T 2t A1 S R AT 741 1)
REARN 2258, AL AAQBQSI, AAOBQS2 ] fE & —F
BN AR ST RS, AT G0 - AAOB K
T S5),

B4 RESENEFTENARTERGEBHERE RS
Fig. 4  Hypothetical quorum sensing system controlling the
anammox activity in AAOB
AHLs: HiESY, Amxl: HiESYEINEE, amad: Hi% Y5 NE
B AmxR: HIERYZAEEN, amad . PRSI M1 1
, Anammox activity: R E G, Cytomembrane : 4f i fiE

Deacetylase

(PF01522) ~ Oxoacyl-[acp] Oxoacyl-[acp]

synthase synthase

SAM methyltransferase
(COG1092)

Oxoacyl-[acp] synthase Phenylacetyl-CoA ligase

SAM radical SAM radical
(PF04055) (PF04055)
A

L~ X
SAM methyl transferase
(COG0500)

o1

Glycosyltransferase

PF00535
Phytoene dehydrogenase ( )

Oxoacyl-[acp] Enoyl-[acp]
reductase acp dehydratase

N

0 500

Amino acids

3 RESENERDIEHERS RGN 4 MRUT B
Fig.3 Four operons encoding fatty acid biosynthesis in AAOB
Deacetylase; 2= B F2 1 ( PFO1522) , Oxoacyl-[ acp | synthase: &,
AR TR 114 R , SAM methyl transferase (COG1092) ; S-it 1
FB R Y 555 B 1 ( COG1092) , Phenylacetyl-CoA ligase: K Z. Mt
YR A % 4%, SAM radical ( PFO4055) . S-IfH H i & R bk
(PF04055 ), Enoyl-[ acp ] dehydratase: # & # & & (1 1Bl /K 1,
phytoene dehydrogenase: /\ &MLl Z WA, glycosylransferase ; Hf

HFEFEWE  acp: AR, amino acids; R IR

Hydrolysis
of EPS

Formation
of EPS

Bs5 RESELENEYEARRBEERE RS
Fig. 5 Hypothetical quorum sensing controlling the biofilm’s
formation in AAOB

AHLs-1: BT 1,AHLs-2: HiETY 2, Epsl: HIESFW 1 A%
i, Hydl: A2 2 &0, EpsR: AESW 1 ZIHEMA,
HydR: HBESW 2 ZREN, epsl: ABERY 1 SRR , hydl ;
i3 2 A REEIER  hydr: AT 2 ZIRE A A R,
Formation of EPS: 4} 54 14 1, Hydrolysis of EPS: ffi4h£
RYIHIIKf# , Cytomembrane : ZHAEAE, #7 SO HER , T BN
ke
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7E AAOBQS2 1, EpsI 1 HydI 241k AHLs-1 F1 AHLs-2 & 8 19 X 5§ , EpsR Fll HydR 2 46 ) 1% v
AHLs-1 Fl AHLs-2 (Y255 M epsl \hydl F hydr 5352905 A5 1 & 08U A58 2 & A 755
Y2 HBIAEAWERE, B9, 7 Epsl MAEALVERT , 4™ A —E 51 AHLs-1, JFr SN 4iash . S 42
FE RS —E R EERT , AHLs-1 Wtk B B, AHLs-1 Fl EpsR JERLITE M2 G915 EPS A BUHH G AY L K 25
B R B UL e 5f , IE AT 5 EPS A B 3k, 724 EPS, #EMfiEiE AAOB Ay A1 58 5 ik
b YA RS EEAkLE A, AAOB W] DATE Hydl /EH T 774k — & i ) AHLs-2, 4§ AHLs-2 35 2| [ {5 i,
AHLs-2 Al HydR JE MR G 0T UL S EPS /KA OC I LR 45 4, JE ) T Wi 8 IR A 2 5 I 1 i 4
EPS /KA SRR () 3Rk LIRS i 0y EPS, iR — @ M AIE A . AHLs-1 5 EpsR 45 & IE M E &4
A LLIE W95 hydr VAR hydl 597835 ; AHLs-1 7] LU HydR 454, 554 PRSI 5 EPS JK i AH 56 3 R Y 2k
AT 3 G A ) AT SR AR ) 2o B A 2R
4 RESEUEHRREGEFEENESEREX

AEYTEARAKIE T SR p, BT IR E M B R D EWMMANSMEER, —Jrm,
AAOB FHAEN 2 Gt AN M B AT 28 i —Fh 7 =, B % S S PR 9 R 3k LA F SCPE T 59— TfiT, AAOB B
JEN RS AT AAOB BEAETE 4f- Mt 7 WEUR 523 o], AT ZE L 2L BB v b TR 35, i AL TA (nitrifying bacteria,
NB) JREZEAH (AAOB) S AHALH ( denitrifying bacteria, DB) 74 3 [A] (5L B, (i = £k 547 ( niche ) 7716 —
E S A AR E R I B U BRI AR S T RR LR, B & AR 3 I RE R I SE e . AAOB il
TR RGO LIRAE T AAOB 7625 MRV FHUS L, el AAOB 7RI se 4 rh Ak Mk, WF9E 3k
W], AAOB ¥k 7776 TRl b S5 vesrss ip 2% HAE R R Pl -+ 0 EEAOVE L, A5 T 5 40 8 R A
AL R RS B AR RS AR R 1/3—172 AP
5 EIEE5RE

YEZ LA AT LUTF #EWT . 1) AAOB Hn] A
FELERFIRIERN 2 55;2) AE W T REN N-C kb & 22
Z PR W TiE ( N-acyl-homoserine lactones, AHLs ) 21L &%),
1 S-MR T H R R A O AL AR B 1 A ;3 ) AAOB HE :
PRI RGBT %5 T 2, 43 B ] Anammox i Substrate

a NB AAOB DB
] 1

PEFRIBAIERAT N 34) AAOB VBRI RETH A ° -, Z . -. =

PN RESE L P ) 52305 , T HG O G 335 o PR | O e ] R R
e AL T

AAOB BEVRIE R J7 T8 0 B 5 1% i e 26 W Bt 0L NET ARORT= e P
REE N EEA T AAOB ELEEHARN RN EEIE BEeé WUE(NB) REERLE (AAOB) MK E (DB) K
A [R50 F) o TERE AAOB RE(RIEN Ry EFH(OMEEZAORS ()
ﬁ ﬁ'{ EI /J % 1 ﬁF _F ’ . 7"/F ﬁﬁ%% ﬁi 12'3 !‘EZ @ *}L ﬁ]‘ IJ , #{%1 ﬂ‘ ;qu { ZIK JE'._% Fig. 6 The niches and competition between nitrifying bacteria

(NB), AAOB and denitrifying bacteria( DB)

REARGEIESFTE . WIS AAOB BEIRBENIRGERAT Gy fn e anom, DEAUEALILE, DB RS Substrate: JETR
GRAE B2 SCRIAR & 0 TR . — A B T e
AAOB vl 4ils 32k 7 — A BT AAOB V5 e Bikifl , $5 AAOB V5 e il 3G P AT REE
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