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Abstract: With the development of the wastewater nitrogen removal new techniques and theories emerge continuously. With its unique advantages
anaerobic ammonia oxidation ( Anammox) process becomes the most promising technology. As the performer of anammox process the known anammox
bacteria are classified into five genera and seventeen species. They were summarized and the quorum sensing system in intraspecific relationship of
anammox bacteria was introduced. Moreover the competitive and synergistic relationship between anammox bacteria and other bacteria including
nitrifying bacteria denitrifying bacteria and anaerobic methane oxidizing bacteria was also introduced. Finally the effect of common competitive factors
on the structure of anammox bacteria population was summarized in order to adjust the population structure of anammox bacteria by controlling these
factors. In this study the microbial ecology of anammox bacteria and wastewater treatment process were coupled. Consequently a theoretical basis for the
application of anammox process in biological wastewater treatment was provided.

Keywords: anammox; nitrifying bacteria; denitrifying bacteria; anaerobic methane oxidizing bacteria; the competition and synergism relationship

1 ( Introduction) 19

( No.21177005) ; / ( No. QAK201203)
Supported by the National Natural Science Foundation of China ( No.21177005) and the Open Project of State Key Laboratory of Urban Water Resource
and Environment ( No. QAK201203)
(1988—) E-mail: jason530170704 @ aliyun. com; * ( ) E-mail: pyz@ bjut. edu. cn
Biography: JIA Fangxu (1988—) male E-mail: jason530170704@ aliyun. com * Corresponding author E-mail: pyz@ bjut. edu. cn



1352

34
)
1 ( Thamdrup 2012)
Fig. 1  Nitrogen cycle
et al. 1999a) .
2 ( The summary of anammox) ) ] o ]
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1976 Broda( Broda 1977) AAOB) ( Strous et al. 1998)
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( Anaerobic ammonium oxidation

Anammox) ( NO3)
( NH3) ( N,) ( Vandegraaf
et al. 1995)
Co, ( NO3) ( Strous
2 _ _

AOB) AAOB

- ( Kartal
2010) :

et al.

( Siegrist et al. 2008)

Fig.2 Comparison between nitrification—denitrification ( left) and the nitritation-anammox process ( right)
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homoserine lactone C,,-HSL) AAOB Brocadia
AOB . C,-HSL AHLs Candidatus Kuenenia
3.2.2 AAOB
. (1) AAOB
3.2 AAOB AOB AAOB
3.2.1 AAOB AAOB AOB (
AAOB 5 17 AAOB ) AOB  AAOB
Schmid ~ (2003) AAOB ( oxygen minimum zones OMZs) .
Candidatus Scalindua brodae OMZs AOB  AAOB
Candidatus Scalindua wagnert OMZs AAOB ( Galan
AAOB et al. 2009) OMZs
( Kartal et al. 2007) AOB( Ward et al. 1989) . 4
AAOB AAOB
Candidatus Brocadia 50 m AAOB (
Candidatus Kuenenia 3000 cell*mL.™) 300
AAOB m  AAOB 450 cell*mL™".
van der Star ( van der Star et al. 2008) 300 m AOB
AAOB AAOB
Candidatus Brocadia 300 m AAOB ( Galan et al.
Candidatus Kuenenia Candidatus 2009) . OMZs AOB-AAOB
Brocadia r— Candidatus (Lam et al. 2007).
Kuenenia K- . 3 Candidatus
Kuenenia  Candidatus Brocadia
Candidatus Kuenenia K
=0.2 ~0.3 wmol-L™ Candidatus Brocadia
Ki=~5 pmol*L™'( Strous et al.
1999b) . Candidatus Kuenenia Candidatus
Brocadia
Candidatus Kuenenia
Candidatus Brocadia
Candidatus
4 AAOB

3 Candidatus K

Candidatus Brocadia

Fig.3 The competition curve of Candidatus Kuenenia and

Candidatus Brocadia

Fig.4 The competition and synergism between AAOB and other

microorganisms in marine ecosystem

CANON ( completely
autotrophic nitrogen removal over nitrite )
( Sliekers et al. 2002) OLAND ( oxygen limited
autotrophic nitrification and denitrification )
( Philips et al. 2002) AOB  AAOB
. AOB
AAOB AOB
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Fig.5 The spatial synergism of AAOB and AOB ( (Schalk et al. 1998)
0.16 wmol *beed "*h™") AAOB
(3) AAOB DO AOB.
(2) AAOB
AOB  AAOB DO
AAOB
AAOB AAOB
AOB COD/NO, N
AOB ( Giiven et al.
(Bock et al. 1995) . 2005) AAOB
Nitrosomonas europaea COD/NO,-N
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AAOB( Furukawa et al. 2009) .
NO;, NO;
AAOB AAOB
( Lackner et al. 2008) ( Strous and Jetten 2004) . 1991
AAOB Smith  ( Smith et al. 1991)
AAOB
AAOB ( Tang
et al. 2010) . 2006  Raghoebarsing  ( Raghoebarsing et al.
AAOB 2006) Twentekanaal

( dissimilatory nitrate reduction to ammonia
DNRA) ( Kartal et al. 2008). 6
AAOB

6 AAOB
Fig.6 The competition between AAOB and denitrifier in the

presence of organic matter

Giiven  ( Giiven et al. 2005)
AAOB
0.8 nmol *min""*mg protein”' N N
AAOB
CO,. 150 d
AAOB
AAOB
COD/N>2
( Lackner et al. 2008). COD 300
mgeL™’
( Chamchoi et al. 2008). Molinuevo  ( Molinuevo
et al. 2009) COD 290 mgeL”
AAOB
( Furukawa et al. 2009) AAOB ( Tang

et al. 2011a)
3.2.4 AAOB

. . ( )
2011a) .

( Luesken et al.

(1) (2)

( Denitrification-dependent anaerobic

methane oxidation DAMO) .
NO, NO;
( Raghoebarsing
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( nitrite-lependent anaerobic methane
oxidation N-DAMO) .
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(AG’==765 kJ*mol™") (1)
3CH,+8NO,+8H"—3C0,+4N,+10H,0
(AG° =-928 kJ*mol ™) (2)
N-DAMO
( Kojima et al. 2012)
AAOB N-
DAMO AAOB ?
N-DAMO  AAOB
N-DAMO AAOB NN
(Zhu et al. 2010) .
Wang ( Wang et al. 2012)
(0~100 cm) N-DAMO  AAOB
N-DAMO  AAOB
30 ~60 cm . Yang ( Yang et al.
2012) ( 32 84
ee 1) N-DAMO
AAOB Zhu  (Zhu
et al. 2010)
AAOB N-DAMO
N-DAMO
AAOB . Luesken ( Luesken et al.
2011a)  N-DAMO (70% ~80%)

SBR N-DAMO  AAOB
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.161 d N-DAMO  AAOB
50% .
0.1
kgem”>ed™' (17.2 mmoled™). Zhu (Zhu et al.
2011a)
N-DAMO  AAOB
. AAOB
N-DAMO AAOB .
( Luesken
et al. 2011b) N-DAMO NO,(  NO;) 7 AAOB  N-DAMO (
( fluorescence in situ hybridization FISH)
: AAOB  AMX368 Cy5 () N-DAMO
N-DAMO  AAOB DBACTIO2T C3 ()
6 AAOB  N-DAMO Fig.7 The competition and synergism between the AAOB and N-
N-DAMO DAMO
AAOB
4 ( Summary)
Jetten  ( Jetten et al. 2008) N
N-DAMO AAOB
AAOB N-DAMO AAOB N
N-DAMO
Co, AAOB NO;
AAOB NO; N-DAMO AAOB
8 AAOB
AAOB AAOB
N-DAMO AAOB AAOB
8 AAOB ( Raghoebarsing et al. 2006; 2004)

Fig.8 The impact of competitive factors on AAOB population structure
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