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Abstract: Anammox bacteria can perform anaerobic ammonium oxidation, a long missing process
which contributes 30%~50% to dinitrogen gas in marine nitrogen cycling. The potential role of anam-
mox bacteria coupling with ammonium oxidizing bacteria and archaea will benefit to elaborate the
complex mechanism of marine nitrogen cycling. Furthermore, the unique cell and genomic characteris-
tics make anammox bacteria an important model microorganism to explore the bacterial evolution. Here
we reviewed the current status of molecular ecology of marine anammox bacteria and give a perspective
into the future based on our understanding of the literature and our own work.
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s , 470 nm 67%~80% ,
[2] ,
(Anammoxosome)” “ ” (Com-
partment) (351 ,
(7d/ ~14d/ ) 30%~50% , OMZs
23] (Oxygen minimum zones) |,
Delft  Gist-Brocades 80% Tg N/yr~150 Tg N/yrt*>1% (e
, Candidatus “Brocadia anammoxi- ,
dans” B, ,
Candidatus “Kueneia stuttgartiensis” Candidatus 1 ,
“Scalindua brodae”, Candidatus “ScalinduaWagneri” , ,
[4.5].
Candidatus “Scalindua  so- ( Pirellula  Planctomyces  Gemmata
rokinii”!®”); 2007  Kartal SBR(Sequence Isosphaera ), cc i 16S rRNA

Batch Reactor, SBR)
—=Candidatus “Anammoxog-

lobus propionicus”™® 4 , 1
,3 , Scalindua ( )
Kuenenia Brocadia “Anammoxoglobus

propionicus” ( 3 )i

(NH, +NO, —N,1+2H,0), 3 WHREAZEMNAEMR T

(Anammox processes),

23], 15N ISN
C02 5 s
16S rRNA ,
16S rRNA 85% , ’ ’

[9]

2 WHRAAENMHAHHAER X . 16S rRNA-PCR  16S

rRNA-PCR-DGGE 16S rRNA-Real time-PCR
16S rRNA 16S-23S rDNA FISH

N B
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4 WERESENMARHDIRER

Candidatus “Kuenenia stuttgartiensis” ,

N,

41 BFERARESEUNAEARIERE
Candidatus “Brocadia anam-

moxidans”  Candidatus “Kuenenia stuttgartiensis”
[5]
2001
Schmid Candidatus “Brocadia anammoxidans”
Candidatus “Kuenenia stuttgartiensis”
20 bp ( E.
coli 157 ) , ISR
; 2002, Damste
R 4
[“]; 2007 Tsushima
RDR(Rotating Disk Reactor) Candidatus
“Brocadia anammoxidans” 16S rRNA 92%
, Real time PCR
[11]
R ITS Real time
PCR

Candidatus “Kueneia stuttgar-

tiensis” s
, 2006
Nature (8] S
( 73% + 5% Candidatus “Kueneia stuttgar-

tiensis” )

> >

http://journals.im.ac.cn/wswxtbcn

CO;

, HAO
(Hydroxylamine oxidoreductase, HAO) C

Candidatus “Kueneia stuttgartiensis”
C [13]

42 BFMEREDENARMIARER
15
N

2002  Thamdrup 2

24%~67% )
[14].

>

2003  Dalsgaard Golfo Dulce

15N ’
19%~35%"";
, Thamdrup
’ [14];
, ( )
[15]
(D 2003  Kuypers
( ,
), N FISH
16S rRNA
Schubert
( )
(  16S
rRNA Candidatus “Scalindua brodae” 16S
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rRNA 95.7%), FISH
13000 cell/mL!® ;1999 Li Izu-Bonin
16S rRNA
R [18]; 2003 Bowman
2006  Kirkpatrick 3 16S rRNA (41,
16S rRNA , , Mills
“6]; 2006  Penton
Brod541F Brodl1260R An7F  Anl388R R
11 , ,
16S rRNA (7,
pla-46F  1392R MD2896 [6.15.18,20]
0.1m 16S rRNA Kuypers ,
(18] , 30%~50%,
16S rRNA , [21]
k1 BEFEREFEUAES FESEREAS
Table 1 Recent investigations on molecular ecological research on marine anammox bacteria
16S rRNA
. Latitudes and longitudes of the Environment Anammox related 16S rRNA
Sites . ; Methods
typical sites types gene sequences
Izu-Bonin Trench 30°55'N,141°49'E Sediment 16S rRNA PCR ABO015552*
Black sea( S7605 42°30.71'N, 30°14.69' E, FISH, "N "
7620) 42°55.56'N, 30°03.65'E filg s colimn lipid analysis AL
Golfo Dulce, Costa Rica (Sta- 8°34.15"N, 83°14.69'W, = i 15N
tionA B) 8°37.99'N, 83°20.62'W qierigginn -

Antarctic Continental Shelf

Inner harbor of Baltimore

Benguela current system
(M182  M202)

Lake Tanganyika,

Wintergreen Lake,

Sheriff’s Marsh

Barrow Canyon sediment,
Alaskan margin
East Hanna Shoal Chuckchi
Sea 160

Turning Basin

Shallow Bud Inlet

Juan de Fuca Ridge

Florida Everglades Water
Conservation Area site F1
Florida Everglades Water
Conservation Area site U3
Marine recirculating aquacul-
ture filtration system

Black Sea’s central gyre
South China Sea

66°31.86'S, 143°38.30'E

39°16.8'N, 76 °36.1'W

13.8~14.1°W, 22~23°S
5°05'S, 29°31'E

42°23'56"N, 85°22'59"W

42°25'19"N, 85°30'58"W

72°38'13"N, 158°40'01"W
47°03'08""N, 122°54"27"W
47°04'59"N, 122°54'07"W
46°47'00"N, 133°40_00"W
26°21'59"N, 80°22'23"W
26°17'24"N, 80°25'08"'W

42°30.79' N, 30°59.60'E
(8°49.54 'N, 111°26.28' E)

Sediment

Sediment
Upwelling
Freshwater

Freshwater

Marsh

Sediment
Sediment

Sediment

Sediment

Sediment

Sediment

Sediment
Waste sludge

Water column

Sediment

16S rRNA PCR

DGGE, FISH,
lSN
FISH, N
lipid analysis
FISH, "N
Lipid analysis

16S rRNA-PCR
16S rRNA-PCR

16S rRNA-PCR
16S rRNA-PCR

16S rRNA-PCR

16S rRNA-PCR
16S rRNA-PCR

16S rRNA-PCR
16S rRNA-PCR
DGGE, FISH

16S rRNA PCR
16S rRNA PCR

AF424468, AF424477,
AF424463
AY250882%, AY266450%,
AY360082*, AY266449*

DQ444400*

DQ870142, DQ870154,
DQ870144, DQ870143
DQ870090, DQ870115
DQ870093, DQ870098,
DQ870114

DQ869384*, DQ869385*

DQ869865, DQ869899,

DQ869893, DQ869896

DQ870047, DQ870078,
DQ870077

DQ870014
DQ869978

DQ870182, DQ870175,

DQ870174, DQ870179

DQ869945, DQ86995S,
DQ869958

DQ146408, DQ146409
DQ368204 ~ DQ368250
DQ996944*, DQ996945*

.k

Note: The sequences accession numbers marked with * means the sequences > 1200 bp.

1200 bp.
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; ( 1),

Gammaproteobacteria,

Bacteroidete Alphaproteobacteria, ?@ﬁﬁﬁfﬁﬁﬁ’ﬂﬁ?ﬁ%ﬁfﬁﬁ%
- (

NO*~
[22]

N -

5 ¥R IR AR AL W 5 T I e R ’

( 16S rRNA
FISH ) , 6.1 BFEREFANMENBARESFRTAIINGE
1)
;2) ’ :
, 87%, ,
, 60% N, 23,
Candidatus “Scalindua
brodae” FISH ’
S-*-Amx-0368-a-A-18(CCTTTCGGGCATTGCGAA) )
RDP (http://rdp.cme.msu.edu/probematch/)
[6]; ’ , ,
, 16S )
rRNA , , : 16S rRNA
16S rRNA [ HAO
[(17] SAM (S-adenosylmethionine radical enzyme
: gene) C ]

Anammoxosome Cytoplasm
Water column
Abundance?
. e
Diversity? OMZ or
Evolution? upwelling
Activity?
Competitor? Water column
Partners?
Sediment
Unknown fields Anammox processes Marine environments

1 BEREFENARBMBHETHE

Fig. 1 Some tropics on marine anammox bacteria should be emphasized in the future
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9 b
Candidatus “Kueneia

stuttgartiensis” 1
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SBR «“
> [10]
SBR
, SBR
Candidatus
“Kueneia stuttgartiensis” ,
; 2007  Huston Candidatus “Kueneia
stuttgartiensis” C
[24]

, Shimamura
[25]

[24]

SAE RS LRI E
, 2

6.3 BERER

>

Candidatus
Rhodopirellula baltica

“Kueneia stuttgartiensis”
Gemmata Ob-

scuriglobus  Blastopirellula marina,

hyperthemophlies ,
Rhodopirellula baltica

5 5
Candidatus “Kueneia stuttgartiensis”
[26]

B

, Candidatus

“Kueneia stuttgartiensis”

B

16S rRNA  5S-16S-23S rRNA

[9]

>

Candidatus “Kueneia stuttgartiensis”
( Gammeta
Pirellula) ,

>

Gammeta  Pirellula 261
s 35
.27 , 27~25
[27]
CO,
5 A
(8]
( )3l
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