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Abstract: Anaerobic ammonium oxidation ( anammox) plays a very important role in the marine nitrogen cycle. But reports on the distribution of
anammox bacteria in natural freshwater ecosystems are few. We firstly investigated the distribution and diversity of anammox bacteria in the sediment of
West Lake by constructing 16S rRNA gene colony libraries. Phylogenetic analysis of 16S rRNA genes showed that the sequences of Brocadia Kuenenia
and Scalindua could be simultaneously detected in the West Lake sediment which showed a much higher diversity of anammox bacteria than most reported
natural ecosystems. Furthermore two new anammox bacterial clusters which only showed 92.9% ~93.3% and 91. 6% ~92.7% sequence identity to
described anammox bacteria were found in the West Lake sediments. The higher anammox bacterial diversity found in the sediment indicated a large
variety of suitable ecological niches are provided for different anammox bacteria in West Lake freshwater ecosystems. As opposed to marine sediments
where Scalindua bacteria dominated anammox guilds Kuenenia organisms appeared to be the most common species in West Lake sediment.
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1 ( Introduction) AnATmOx
. Kuenen( Kuenen 2008)
anammox 50%
anammox
( anaerobic ammonium oxidation anammox) ( Zheng 30% ~70% ( Arrigo et al. 2005; Engstrom
et al. 2004) . Anammox et al. 2009; Trimmer and Nicholls 2009) .
( Mulder et al. 1995)
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anammox ( ) anammox
anammox N anammox
( Kuypers et al. 2005; Thamdrup et al. 2006;
Lam et al.  2009) . anammox NH,
anammox anammox NO, anammox
anammox 5 8
Candidatus Brocadia ( Candidatus Brocadia anammoxidans anammox . Schubert  (2006)
(Strous et al. 199) Candidatus Brocadia fulgida ( Kartal anammox
et al. 2008)); Candidatus Kuenenia ( Candidatus ( Lake
Kuenenia  stuttgartiensis  ( Schmid et al. 2000 )); Tanganyika) anammox ( N,
Candidatus  Scalindua ( Candidatus Scalindua  brodae ) 10 nmol*h ™' anammox
( Schmid et al. 2003)  Candidatus Scalindua wagneri 13%
( Schmid et al. 2003) Candidatus Scalindua sorokinii anammox Penton  ( 2006)
( Kuypers et al. 2003)); Candidatus Anammoxoglobus Zhang  (2007) ( Lake
propionicus ( Kartal et al. 2007) Candidatus Jettenia Wintergreen)
asiatica( Quan et al. 2008) . anammox
Anammox anammox
( RisgaardPetersen et al. 2004; Scalindua
Penton et al. 2006, Schmid et al. 2007) . Candidatus Brocadia anammoxidans ( Zhang
( Hamersley et al. 2007; Woebken et al. 2007) . anammox
et al. 2007; Lam et al. 2009) ( Tal
et al. 2005; Rich et al. 2008; Dale et al. 2009) . 5.6 km’(
anammox 6.3 km®) 15 km.
Scalindua Scalindua 1.5m 2.8m 1 m.
anammox Brocadia 3.3 km 2.8 km
Kuenenia anammox anammox 20 50
( Jetten et al. 2003; Kartal et al. 2006)
. Dale (2009)
( Cape Fear River
Estuary) anammox anammox  16s rRNA
Brocadia Kuenenia Jettenia Scalindua 4 anammox
anammox . Amano  (2007) anammox
( Yodo Estuary)
anammox Brocadia  Kuenenia 2 (Materials and methods)
Scalindua anammox 2.1
anammox -80 °C
1.
1
Table 1 The basic physical and chemical parameters of sediments from West Lake
TN TP
o J(merke™) (mgeke ™) J(merke™)
( XH) 7.29 35.7 8800 720 85%
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2.2 DNA PCR
Power Soil DNA Kit( Mo Bio Laboratories

PCR ( 25 pl):2.0 pL dNTP(
2.5 mmol* L") 2.5 pL 10 x PCR

Carlsbad CA) buffer( 15 mmol *L ™" ) 1pL
DNA . DNA (10 mmol*L™") 1pL (10 mmol*L™") 1
1% . L. DNA (1~10ng) 0.2 pL1Taq 17.3
PCR DNA L DEPC ( Rnase Free dH,0) . PCR
( Plad6f) 195 C 3 min; 95 C 1 min 56 °C(
(630r) ( Plad6f-630r) PCR ) /152 °C( PCR ) 1 min 72
PCR anammox C 1 min 30 172 C 10 min. PCR
( Amx368f  Amx820r) Pla461-630r 1%
PCR. 2
2 PCR
Table 2 Primers used in this study
(5-3) ( )
Plad6f GGATTAGGCATGCAAGTC 46 ~63 Neef et al. 1998
630r CAKAAAGGAGGTGATCC 1529 ~ 1545 Juretschko et al. 1998
Amx368f TTCGCAATGCCCGAAAGG anammox 368 ~385 Schmid et al. 2003
Amx820r AAAACCCCTCTACTTAGTGCCC Brocadia | Kuenenia 820 ~ 841 Schmid et al. 2000
2.3
PCR PMDI19-T ( Scalindua anammox
( TaKaRa ) ) anammox
PCR( 1 pL Kuenenia Brocadia
2.2 ) Scalindua anammox
6
NCBI anammox 3.
HQ540360-H(Q540389. 1 3
2.4 16S rRNA Kuenenia anammox Kuenenia
MEGA BLAST cluster. Candidatus Kuenenia
GenBank stuttgartiensis 98.5% ~99.2%.
MEGA 4.0 ( Neighbor— Candidatus Kuenenia
Joining) p-dianstance stuttgartiensis XH-
Bootstrap 1000 5 XH-27 Candidatus Kuenenia stuttgartiensis
95.2%  96.0% . Brocadia
3 ( Results) ] ) ]
Candidatus Brocadia fulgida
3.1 anammox anammox
Brocadia cluster | Candidatus Brocadia
PCR Sulgida 97.3% ~97.9%
anammox Brocadia cluster 1[I Candidatus Brocadia
anammox Julgida 96. 0% ~
anammox PCR 97.1% . Scalindua
37 (XH-6  XH-7) Candidatus Scalindua brodae
anammox 16S rRNA 95.8%.

( 1).

anammox
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Fig. 1

9% ( EU142947) ( van de Vossenberg
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75| | 591 XH-23(HQ540374)

et al.

2008) .

67 r Candidatus Kuenenia stuttgartiensis(AF375995)7
XH-3(HQ540362)
XH-13(HQ540361)
XH-16(HQ540361)
I XH-4(HQ540363)
XH-18(HQ540361)
XH-14(HQ540371)
-I XH-20(HQ540371)
- XH-21(HQ540372)
| XH-26(HQ540377)
XH-2(HQ540361)
XH-15(HQ540361)
XH-17(HQ540361)
XH-19(HQ540361)
95 [ XH-24(HQ540375)
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60  XH-31(HQ540382)
63| I XH-29(HQ540380)
XH-33(HQ540384)
XH-38(HQ540389)
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XH-11(HQ540369)
Candidatus Brocadia fulgida(DQ459989)
XH-9(HQ540367)
XH-32(HQ540383) Brocadia cluster 11
99 XH-10(HQ540368)

Brocadia cluster 1

Candidatus Brocadia anammoxidaans(AF375994)

Candidatus Anammoxoglobus propionicus(DQ317601)
Candidatus Jettenia asiatica(DQ301513)

XH-34(HQ540385)
XH-30(HQ540381)
XH-36(HQ540387)
XH-12(HQ540370)
XH-28(HQ540379)

o5 XH-37(HQ540388) :|New cluster IT

Candidatus Scalindua wagneri( AY254882)

New cluster |

1001 'Candidatus Scalindua brodae(AY254883)

99 Candidatus Scalindua sorokinii( AY257181)
92 XH-6(HQ540365
—{ ¢ ) :|Scalindua cluster
100 ' XH-7(HQ540365)
Gemmata obscuriglobus (X85248)
—
0.02
1 anammox

Lake sediment to known anammox bacteria

anamimox

cluster II .

anammox

New cluster |

Candidatus Jettenia

anammox

16S rRNA

Phylogenetic tree showed the relationships of anammox bacteria-related 16S rRNA gene fragments in the clone libraries of samples from West

asiatica New cluster [

Candidatus Jettenia asiatica
92.9% ~93.3% . New cluster [

Jettenia asiatica

New

Candidatus
91.6% ~
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92.7% . anammox anammox
anammox ( <94.0%) anammox . 16S rRNA
anammox anammox
anammox Brocadia Kuenenia Scalindua
anammox anammox
3 anammox anammox danamimox
anammox ( 92.9%
Table 3 Sequence identity of different anammox clusters to known ~93.39 91.6% ~92. 7%) . Penton ( 2006)
anammox bacteria .
Scalindua
Anammox
Anammox anammox anammox
Kuenenia cluster  Candidatus Kuenenia stuttgartiensis 98.5% ~99.2% anammox
Bmcadl:a cluster [ Candlidatus Brocadl:a fulgl:da 97.3% ~91.9% Zhang ( 2007)
Brocadia cluster Il Candidatus Brocadia fulgida 96.0% ~97.1%
Scalindua cluster ~ Candidatus Scalindua brodae 95.8% anamimox Candidatus Brocadia anammoxidans.
New cluster [ Candidatus Jettenia asiatica 92.9% ~93.3%
New cluster [[ Candidatus Jettenia asiatica 91.6% ~92.7%
anammox
3.2 anammox anammox
2 anammox ( )
anammox ( Scalindua
ANATMMOX anammox  ( Humbert et al. 2010) .
) Kuenenia anammox
anammox anammox
54.1% Brocadia anammox
24. 3% ( Brocadia cluster | Brocadia anammox
Cluster H 16. 2% 8.1 %) Scalindua ( Amano et al. 2007, Dale et al. 2009) .
anammox 5. 49 . anammox  16S rRNA
Kuenenia anammox anammox
Kuenenia anammox
anammox
B8 Kucnenia [0 New Cluster I
8 Brocadia New cluster 11 1
\ ad6f
Scalindua ( p )
( 630r)
anammox ( Schubert et al. 2006;
Penton et al. 2007; Schmid et al. 2007) .
anammox  16S rRNA
54.1% anammox
Scaliudua
anammox anammox
2 anammox anammox
Fig.2 Abundance of different anammox bacteria in West Lake . Scaliudua
sediment
anammox
PCR
4 Discussion
( ) (95% )
16s rfRNA anammox . Amano  (2007) Dale



1614 31
(2009) PCR
anammox PCR Kuenenia anammox
anammox anammox
(1974—)
anammox ( anammox - E-
) PCR mail: loulp@ zju. edu. cn.
anamimox ( References) :
anammox
Amano T Yoshinaga I Okada K et al. 2007. Detection of anammox
activity and diversity of anammox bacteriatelated 16S rRNA genes
Scalindua anamimmox in coastal marine sediment in Japan J . Microbes Environ 22
. Kuenenia Brocadia anammox (3): 232242

( Jetten et al.

2003; Kartal et al.

2006)
anammox
anammox
. Dale  (2009) anammox
Kuenenia Brocadia
anammox
anammox
Kuenenia anammox
Brocadia anammox
Kuenenia Brocadia anammox
( Jetten et al. 2003; Kartal et al. 2006)
. Humbert  (2010)
anammox Kuenenia
Brocadia
Scalindua anammox Kuenenia Brocadia
anammox
5 ( Conclusions)
1) PCR
anammox
anammox
anammox
2) 16s rRNA
anammox Brocadia
Kuenenia  Scalindua anammox
anammox
anammox
3) anammox
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