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Abstract: Anaerobic-ammonia oxidation ( ANAMMOX) is a newly found pathway in the nitrogen cycle to produce gaseous N,. However there are
difficulties in quantitative determination of anammox activity and contribution. In this study we developed a new way to combine molecular biology and
isotope analyses to solve that problem. Activated sludge from a wastewater treatment plant in Beijing was sampled and anammox activity and its
contribution to nitrogen removal were analyzed. Molecular analyses of 16S rRNA using nested PCR amplification were followed with other molecule
analyses. Primer pairs of pla46f-630r and Amx368f-Amx820r were used in nested PCR amplification. Isotope analyses were based on >N labeled
ammonium and nitrate. Three treatments ( D' NH," only; @'>NH," and *NO; ; @"¥NH; and "NO; ) were prepared and experiments were conducted
in hermetic anaerobic containers at 19°C. Outcome gaseous N, was delivered to a gas chromatograph-isotope ratio mass spectrometer for separation of
BN, PN, and *N,. Then the rates of anammox and denitrification activities were calculated. The results showed that one kind of anammox bacteria
( Candidatus Brocadia) existed in the activated sludge; the rates of anammox and denitrification at 19°C were 1. 25 nmol* g~ '*h~! and 12. 16

nmol*g ~'*h ~! separately. Anammox contributed 9.32% of the total N, production. Most of the N, production was contributed by denitrification.
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1 ( Introduction)
(
- ) ( - )
( - )3
( AMO) . ( NOS)
pH N N
( 2008; 2008) .
(
2010; 2010)
(
2010) . N

.IPT

( isotope pairing technique)
( Vandegraaf 1995;
Vandegraaf 1997) . IPT

( Dalsgaard 2002; Thamdrup
2002; Dalsgaard 2003) .

IPT
2 ( Experimental procedures)
2.1 DNA (PCR)

0.25 mL Fast

Soil DNA ( MP Biomedicals USA)
DNA. PCR :
plad6f( 5'-GGATTAGGCATGCAAGTC-
3) 6301 ( 5"-CAKAAAGGAGGTGATCC—
39 PCR ( Juretschko 1998;
Neef 1998) ; PCR
Amx368f( 5°-
TTCGCAATGCCCGAAAGG- 37) Amx820r ( 5-

AAAACCCCTCTACTTAGTGCCC-3")
16S rRNA PCR  ( Schmid 2000) .

2.2 .
Promega Agarose Gel DNA ( Promega
Madison WI) PCR
PCR pGEM-Teasy ( Promega
Madison WI) JM109
T7.SP6
Hha 1 ( Biomed
). DNASTAR
BLAST
16S rRNA MEGA3. 1
( NeighborJoining)
( OTU) DOTUR
2.3 "N
( denitrification) -
/ 4
( NAR) . ( NIR) .
( NO) ( NOS)

(1)
_ NAR . NRR NO NOS
NO; NO, NO —N,0 —N, (1)

( anammox)

( hydroxylamine )
( Hydrazine)
(2):

~ HAO +NH, HZO
NO, —NH,OH

N, H, N, (2)
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D29=P30X2X(1—FN)XF§'I (6)
NO; . .,
+ Ay = Py =Dy = Py = Pyy x2 x (1 - Fy) xFy
NH,
7
NO; , SN (7)
Ay = Ay x Fy' x (1 = F) (8)
BN, ¥N, *N, (7 (8)
Thamdrup  Dalsgaard A, = F3' x [Py +2 x (1 = F{) X Py] (9)
( Dalsgaard 2002; Thamdrup D 4
2002) 15 N 2. 5 mL total total
12. 6 mL
( Labco UK)
30 h NO; .
"N 99.29%  NaNO,
°N 98.2% ( "NH,),S0, 3
: ® 15 NH4+; @ 15 NH4+ 14 NO;; @
“NH,; "NO,. 19 °C( 3
) 0h.1h.2h4h.8h
200 pL 7 molL ™" ZnCl, :
- ( Gasbench-
MAT253) N, *N, 3 ( Results)
2.4 3]
. PCR N N
® 30 16S rRNA
- o- 1 . 3% OTU
@N N NO; 30 16S rRNA
' (0TU) ;
28 N, 29 N,
NO;  “NO; ) 1
Ay = Aya X (1 = F) Ay = A,y x Fy (3) Blast
An 165 rRNA GenBank
Fy NO, "N 8
( AY254883,AY254882,AY257181.DQ317601 .
NO; . ® AF375995. AF375994 . DQ301513. DQ459989)
28N \ZQN 30N .
2 2 2 ( AJ131819.
Dy = Dy x (1 =Fy)? AM285341)
Dy = Dy X2 (1 = FOXFy Dy =D,y X Fy? ( HM769653 . GQ356075 . EU039837)
(4) 1
D, 16S rRNA
P, - Candidatus Brocadia sp. 40
(3) (4) Dy, =Py,
Dy = Py X FY (5) ( GO356075 \HM769653)
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1
Table 1

Summary of anammox bacterial diversity in the sampled activated sludge

Number of OTUs Chaol estimate

Number of sequences

Shannon index Dominantanammox bacteria

30 1 0 0 Candidatus Brocadia
DNA 98% ;
16S rRNA PCR Candidatus Brocadia fulgida Candidatus
Brocadia anammoxidans
. 16S Candidatus Brocadia
rRNA Candidatus Brocadia sp. 40
Candidatus Brocadia sp. 40 AM285341
Theultured planciomyeete clone [rom angerobic ammoinium-oxidation (Anammax) bie-reactor GQIS60735
Brocadia sp. enrichiment culture clone from oidative diich sludge HM769633
Sampled Activated Sludge clone
100'— Candidatus Brocadia anammoxidany AF373994
77 anacrobic ammonium-oxidizing planctomycete 168 tIRNA gene AJ131819
£CalldidHMS Anammooglobus propionicus DO3 17601
&l 100 Candidatus Jetéenia asiatica DOI0T513
Candidatus Brocadia fulgida DQ459989
Candidatus Kuenenio stiiigartiensis AU3T3995
Candidatus Sefinciea wagneri AY234882
To0 Uneultured anammox bacterium clone from oxygen minimun zone off northern Chile EV039837
100 Candidatus Sefindua brodoae AN254883
0.01 41— Candidatus Safindua sorkinii AY257181
—
1 16S rRNA ( GenBank
1000 bootstrap 50 1% )

Fig. 1 Phylogenetic tree of anaerobic ammonia-oxidizing bacteria targeted on the 16S rRNA gene( all the reference sequences in this paper were
obtained from GenBank and are listed by sequence accession number. The numbers next to the nodes represent the bootstrap values of 1000
replications; the scale bar represents 1 nucleotide substitutions per 100 nucleotides)

30
3.2 N,
2.3 14NH4+ + 15 NO}— 29 N2
15
N 3 N,
15 +. 15 + 14 -
( NH, ;" NH; +"“NO;;
14 15 - 5 _
NH,” + "NO;y) “NH; + "NO;
29 30
3 N, *N, 2.4
29 30
N, 7N,
3
15 +
NH,
N, *N 30 h ! !
2 2 12.16 nmol*g ™ *h 1.25 nmol*g ™ *h ™.
NO;
“NH, + “NO; g h 1.25 nmol
29
N,
9.32%.

30
N,
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Fig. 2 Anaerobic ammonium oxidation coupled to nitrate reduction
in sampled activated sludge amended with N labeled on

ammonium and nitrate separately

4 ( Discussion)
16S
rRNA
Candidatus Brocadia fulgida Candidatus
Brocadia anammoxidans ( 2009)

( Schmid 2007) .

1.25 nmol*g '*h™"  12.16 nmolsg '*h~'
N, 9.32%.
N,
Lake
Tanganyika. Golfo Dulce Greenland Sea Disko Bay
Young Sound
N, 2.5% ~13%
19% ~ 35% ( Dalsgaard

2003; Schubert 2006; Schmid 2007) .
Erler
N,
0.1% ~32.2% ( Erler 2008) .

N,
“NO;
N,O
IPT
5 ( Conclusions)
1) 16S rRNA
Candidatus Brocadia
2) IPT

1.25 nmoleg *h™"  12.16 nmol*g~"*h "
N, 9.32%.
IPT
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