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FEE . BEE PR RS R G0 A IR SR S S R R Sy TR 0 B, 1 R 2 25 2R 40 9 RV St A e e R, {ELJ2: T 43 A
Rl R 2 AR DGR IE . 25 G R R R ER 550 F AW FHORR R TR )2 L anammox 5 AOA IFFTE SRR, 255K,
TETH A BH R K B HE w5 2 RS T Y2 L3P anammox 5 AOA L7738 b by 1 v I SO & R, e + 3 b R R R AL I 9 A
Y ZREPEATBAR 35 N TUREFHI R4y 4 A b T BRAEBATE (OTU ) AR IFF1 5 Genebank %038 4 b B W 10 R A B E AL #
Candidatus ‘ Kuenenia stuttgartiensis’ (i[RI VR i 95% 5 % 2 A6 T Y 23 & 31,20 A SefeF3L15 3 5 4> OTU, 5 3 R FE
T VORI AL 53 SO R R, TP A I R IR B A ik 98 % o RIS 3R /R B i) 20 25 SRR W, anammox 77 A= 1 80 I - 48 A
AAEMEN 24.1% —29.8% . AOA 5 anammox MYFEAF R anammox M) VZ AR 76 5 R A 4R 4L T 3 BB

SCHRIA e M 5 DR AU 5 SR T 5 TR 2 1 AR B

Coexistence, biodiversity and roles of ammonia-oxidizing archaea and anaerobic
ammonium-oxidizing bacteria in deep soil layer of high nitrogen loaded paddy

field
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Abstract: Anaerobic ammonium oxidation ( anammox ) bacteria and ammonia oxidation archaea ( AOA) play a very
important role in nitrogen cycle in soil as well as in the marine ecosystems. These excellent discoveries have renewed the
vision on nitrogen cycle. Anammox uses nitrite as an electron acceptor to convert ammonium into dinitrogen gas. The nitrite
is delivered by AOA, since they convert ammonia into nitrite. To further explore this view, the coexistence of anammox
bacteria and AOA were also studied in deep soil and paddyfield wetland using molecular and isotopic tracing tools. For the
detection of anammox bacteria, primer combination AMX 368F and AMX 820R was used, whereas for AOA the archaeal
primer set for amoA gene was used. Four different anammox bacteria and five different AOA were detected in the deep soil
layer of high nitrogen loaded paddyfield. Further analysis showed that the biodiversity of anammox bacteria was low, 35
sequences of anammox bacteria were assigned to 4 Operational Taxonomic Units (OTUs) , three of them close related to the

known anammox species derived from marine and wastewater treatment plant except the OTU4, which clustered with

E&TH . HEKARFAELTH (20877086) ; EZ 973 Wi H (2009CB421103) 5 [H K FH 5 K %10 (2008 2X07421-001 )
& B #7:2010-06-01 5 f&1T HEA:2011-01-11
# MIRVEH Corresponding author. E-mail : ghzhu@ rcees. ac. cn
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Candidatus ‘ Kuenenia stuttgartiensis’ with a high similarities up to 95%. 20 sequences of AOA were assigned into 5
OTUs, and the similarities with the closest relatives in GenBank were mostly higher than 98% . 4 of the OTUs belonged to
the water/sediment lineage and another one OTU was close to the soil/sediment lineage. This character of AOA diversity
was also corresponded to the nature properties of wetland soil which fall in between soil and freshwater environment. The
isotopic tracing experimental results showed that the ratio of N, production by anammox to total ( anammox + denitrification)
ranged from 24.1 to 29. 8 percent. This is the first report which investigates the anammox process in deep soil layer of
paddyfield wetland by both molecular and isotopic tracing tools. AOA probably play an important role in ammonia oxidizing
because its wider ecologic niche than other ammonia oxidizing microorganisms. Whether nitrification was driven by bacteria
or archea is still in debate so far. However, in this study, an anaerobic and ammonia affluent environment which is not fond
of ammonia oxidizing bacteria was provided. The strong anammox activity implied that the nitrite which was oxidized by
AOA should be one of an important sources supplies for anammox process. In consideration of the nitrite supplied by
denitrification, therefore, how much it plays in the nitrite supply for anammox process by AOA? We are looking forward to
the appearance of a more powerful experimental tools. Anyway, it provided a new idea of the widespread of anammox

process with the prove of the coexistence of anammox and AOA in this special environment.

Key Words: paddy field wetland; anaerobic ammonium oxidation; ammonia oxidation archaea; deep soil layer;

nitrogen cycle

B RGP o LS AL A 0 A B, AT T BRI 2 . BT AL GEiliR
AR A AT (AOB) TEZ SN EE (amoA ) WAL AT, AL 0 W ASRREL | t sL T 1A A W & A
W BORIWTIE R B, A A RO 38 7T DL AT TR (AOA ) 7E Tl T 2 BN 48U (amo A ) YA A5 R T ik
FE0 L i H & B B A E AR R AT, A LAAE R R B AL B MR, e R/ B i 2 1
PO A AR ER AL, 2 O R A (anammox)

SR TR RN DR SR A BN 1 2 B0 S 30T A R S Bl U R i AT B A R S
FEX —AAEFR A BR D IR U T AT R AR E & IR, HETC R S R G 24% —
67% WA IR E AR e o () AT 28Uk AR A & AL RO 98 2 BTl P AR S
RGP AERKRZ IR HGE, MEE AT SR i R ZTORY b 2 3 T RAA & A AL 5 2 A
B (U E R G R )2 I AR S GE

A ST BERR WL 5 4 i1 ) e FEVE b o F 5% b o, S8 2 N [R) 37 R B UE S anammox 1 & 2E 5 i R A%
N33 PCR 4738 I I 8 57 5a b SO, 48 7 A FH b R 23 = 498 mp DR A 2 S8k B D S Ak oty v 1 A A
S EZ=R e
1 #REFAZE
1.1 KERLRIR

TR VT =AM AR O 16°C . FERCRER IR Z LHE(-100em) , 2 FUORFEIG ARG
BT IR RS oK & Al [ S22 — 43 4°C O/ T IRl 7R B e, — 38 40 PR A7 AE - 80 °C B AIK
M VKAR TP % DNA 4821,

1.2 HEaEATE bR B

A R 7 8 K 2 RS TR I DE e, X DR M IR 7K B 1 M, - S i A G B AR AR gk A7 T E . K
REFE BRI AR [ PR | AR DCHE AR AR IR R IR AL A4y o ik o SRR BRI A 2mol/LL
B KCl AR 2h, 3hE 5 FE L7 3 40 B30 2 ( SAN plus, Skalar Analytical B. V. the Netherlands) , #H5¢
ZERIE T,

7
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Table 1 The chemical characteristics of water and soils

BN TOM /(g/kg) NH;/ (mg/kg) NO;/(mg/kg) TKN /(g/kg) TP /(g/kg)
26.2 341.7 150.9 5.6 1.9

KAE pH NH:/(mg/L) NO3/(mg/L) TN /(mg/L) TP /(mg/L)
8.6 784.9 49.8 1290.6 338.4

1.3 [ =R

SR SCHR 8 MUSEIG T, W — 2 R A AL EE - HE A 12. 6 mL HRIRBEFI ( Labeo, UK) 1, [EHINA
— PR A T RN REST SRIGTEA 6 mL JBEUK B A DTSR FR4E (YQX- 1T, i vl B 7 25 A il
WABRA ) H, FE T AR THE S ZE (KA 5 mm BT IARACRIE ) , SR )58 He S UAHEH FRAF O A, B
HIE R TCA IR, TEA—EWREN R 99.29% 1) NaNO, 3N £ 98. 2% 11 ("NH, ), SO, , {5 il
PRI E 9 33 wmol/L, Ft3 ANAEHE . DA NH; | JIE BIAE & 28 R S e (A7, Hoh il iR i e sa R, @
TP NH FNO; , UEBH R & B AR R A s AU NO; , AEARE SR 3 ASFATRERN 1 A28 FRE (R )
fE) , BHIRARFRM , a2 B IRG 4 25 CR 24 h J5, A 100mL 50 g/100 mL ) ZnCl, DA% 1k 2
N, BRI ZUHE S W 1 min, SR JE R4 8 X B0 AL( Beckman, Germany) LA 1600 xg % ,25 C &0
10 min, f2.5 mL S MEHOE JERERS (Z2HES) L 2 mL He B ARESHAP , 2233 5 ¥, AR5 2 mL
BESIR TERAM  ABERT SR I AN 8K A9 6. 6 mL FESIHT , BE SO E LK, Area 28 (5N, X (1%
ML), Area 29 (%N, X B AU I AN ) K2 Area 30 (*°N, XiF 07 A9 06 [ AR ) 78R (233 TR 437 2% HUAE R %43 ( Gasbench-
MAT253) bl it @b 15 (Y Area 28, Area 29 % Area 30, H#E T 414 3R A AL A A
S (Ra% ) -

D, =Py xFy
A =F3 X[ Py+2x(1-F;' ) xPy, ]

Ra% :/hmjfz‘)xm()%

Ko, D MRS A CIN, PN, 0N ) s Ao 8 IR E S B AN, L, PN,) 5 Ra%
K IRE A EA T HE R B 5 Py PN, 7= A3 (nmol g7' h™') 5Py AN, /=A% (nmol ¢7' h™") 5 F,
F TN ERER N B FEREE (Fy=99.29% )
1.4 DNA $2t55 PCR 91

FRELZ) 0. 25 ¢ 1Y 1 HEHE & R ] FAST 12338 DNA $2 B & £2 BUEL DNA ( Qbiogene, Carlsbad, CA) .,
anammox FHSHHUR AL PCR, 55— 15 R FTE A5 T VR 52919, 55— 46 55— 507 =y KL,
anammos. #5525 | W35 S EURL Y, AOA 4T BRI 177 amod #5231, PCR J BEHEAR{2 60 S
1.5 SaRESCEMME

i FH Promega Agarose Gel DNA 4lifbid 7] & X% PCR ¥ 44 /=¥y 17 Ul IR 464k , ¥ PCR m =95 pGEM-
Teasy ZARHATIEFLIG e A IM109 J&RSZ S A, e Jo FAT 08 10T . 60 100 > 6 50k >R PCR &7 319 1Y
D7 M BAPE s, 5 |9 dAsE 514 17 .SP6 ., HIFRGiIPE NPT Hha T 71 Mbo T 23 #Y | $kHUER Mtk
AT (s A YRk, b5 L 38 H CHECK_CHIMERA #2J¥7£ RDP ( Ribosomal Database Project) 7EZ8%X
PEEHA TG AR S . 32 Blast F2IFAE RIS B SIFE GenBank 4 FE rh e AT ARAME LT, A4 b X 45 2R
FES A R, B H S IF 5], Clustal _X F2FF AT X 5F , R H Jukes-Cantor Z 801 AR AL IR 25 12 ]
MEGA 3. 1 8 id SRk R R T
2 HR5WR
2.1 REEEM RS A R TR b f LA

I E DNA ZJ5 it PCR 975 75 2] v Bed B2 43 31 294 635bp Fl 478bp & A AL T 5 IR A A A

total
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R T3 R B, R 3 & A 4R BT R 8 AOA Anammox
(K1),

XFFEHLERE 96 A~ BH M 5 bR FBR ] 1 N DI Hha
[ F1 Mbo I 7371, AOA A5 12 AMEEIZEAY | anammox £ 495 bp <
137 AEFUIZEA, B IR RIPRIR 1—5 MU kR
FHATIF 32 H CHECK_CHIMERA /¥ 7E RDP 7££k
B AR B F A HEA T G AR R R, R BT TE 1 SENEE5RESSHERKE
WSRO B, I 45 B AE GenBank ZUHEZET Fig. 1 PCR production electrophoresis gel profile of AOA and
HEAT Blast HEXT, 384 DOTUR 3 F43 51 T Hf 20 1~ AOA  anammox
JFFIH135 4> anammox JFFVE 53R 5 AF1 4 AShAr AR
HJT (operational taxonomic unit, OTU) , i FE2E OTU Fr & b 140 B L HAB IR R IR 2 Fis,

612bp <«

*2 MHATEER DOTUR HREFNEL BLAST &R

Table 2 Analytic results of crenarchaeal and anammox clones by DOTUR program and Blast

oA 0TU AHIE 51 GenBank %5 [F A/ %
1 AOAOTU1 Uncultured crenarchacote clone 05 EU099963 92
2 AOAOTU2 Uncultured crenarchaeote clone WBF050405 FJ227731 96
7 AOAOTU3 Uncultured archaeon clone PLANTC EU852665 99
8 AOAOTU4 Uncultured ammonia-oxidizing archaeon clone EU590219 98
2 AOAOTUS Uncultured crenarchaeote clone S7\A-12 EU025151 98
19 ANAMMOXOTUI Candidatus ‘ Kuenenia stuttgartiensis’ AF375995 95
7 ANAMMOXOTU2 Candidatus ‘ Kuenenia stuttgartiensis’ AF375995 95
8 ANAMMOXOTU3 Candidatus ‘ Kuenenia stuttgartiensis’ AF375995 95
1 ANAMMOXOTU4 Candidatus ‘ Kuenenia stuttgartiensis’ AF375995 97

2.2 FEHNRH RS AL E M AOA MARGEK T 74T

PR FH - SR anammox B 35 AFF (TR 2 4 4> OTU) B9AREIF S 57 2 B, FL ] HAT MO 5
AR [EET 4 AP P 5 AN T3] anammox [# Candidatus “ Kuenenia stuttgartiensis” [5]J5Pd 5 , #J#8
11 95% , ZERBGEBEWH B OTU4 5 Candidatus  Kuenenia stuttgartiensis® 2 b —A~4r 3246, Hifth 3 4~ OTU
W55 50 8 T 515 KA B R SGE Y anammox 5 A AHIT

JIT A AOA )5 4> OTU 1 47 4 D5 GenBank T A CL 01 91 HAT B i Y[R RAE ( =98% ) , Herp OTUL
[RIEPERAR AU 92% . M AOA BIRGER B Wl LU i, AT OTU /] LLRI4» K552, OTUL—OTU4
ARG 3, WANIEF S AT LAt 3 3 = LUK -5 URRYIR IR 751 3., OTUS WIAE 53 4h— AR5 3
HZ S FEUDURY 5 5875 32, Francis 5544 AOA 5E LR 7K AR/ DR W) T Fh A1 A 58/ BT B 1
AT SO A B AOA A1 4 4> OTU J& /R FIULAMWIARE A A 1 A OTU JHJE T L3 TR AR, RF &
T R b, 1 B A BREERRAE BB T RIS IROK IR 2 8],
2.3 REFESAS BN

F (A7 2 L BT A A5 1 IR0 25 SR 2R ], DAL BRI A B 1™ N, 500 N, 772 A U8 B RE i 28 IR ARt I AR A
FL SRR ERIHAESR IS ; QAL A WY 5 A N, 77 A= | I B B 09O N, 72 2R UEITRE il b oA DR S S 8L SR B AE
7] Fsf A, 350 A ity 28 IR AUt O ORAT, FErh MR ERTH AR SRS 5 B AL SAT Y A9 25 FURE it bR 1R o %) A T AR 4
3 iR, iR s R e T DAE SR R A A RO 1 & A T i i TSR AR AR A R AR
A PR R B (Ra% ) 19 24.1%—29.8%
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Table 3 Results of isotopic tracing experiments

B Area 28 (mVs) Area 29 (mVs) Area 30 (mVs) Area All (mVs) Area 28/ Area All Area 29/ Area All
(1) 0. 00057 4.14247x107° 8.2055x1077 0. 000576 0.991385 0.007191
(2) 0. 00049 3.62743x107° 7.1093x1077 0. 000502 0.991364 0.007221

FE & Area 30/Area Al Area 29 ($1IBRZS 1) Area 30 (41IBRZS ) D total A total Ra%

(1) 0.001424 6.22585x10% 1.85858%107 1.88526x1077 6.00266x10° 24.15

(2) 0.001415 6.95109x107® 1.57482x1077 1.59742x1077 6.77396x107 29.77

100  Uncultured anoxic sludge bacterium, AB054006
Anaerobic ammonium-oxidizing planctomycete, AJ131819
Candidatus ‘Brocadia fulgida’, DQ459989

Candidatus ‘Jettenia asiatica’, DQ301513
Candidatus * Anammoxoglobus propionicus’, DQ317601

50

Anaerobic ammonium-oxidizing planctomycete gene, AB281489

100 | |:Candioloztus‘Scalindua brodae’, AY254883

100 Candidatus‘Scalindua sorokinii’, AY257181
ANAMMOXOTU1#
ANAMMOXOTU2#
ANAMMOXOTU3#
Uncultured anaerobic ammonium-oxidizing bacterium clone, FJ490112
ANAMMOXOTU4#
Uncultured anoxic sludge bacterium 16S rRNA, AB054007
Candidatus ‘Kuenenia stuttgartiensis” AF375995
Uncultured anaerobic ammonium-oxidizing bacterium partial 16S rRNA, FM174261

Uncultured planctomycete clone, DQ198370

2 FEEEMRESELE (anammox) RER EH
Fig. 2 Phylogenetic tree of the anaerobic ammonium oxidation (anammox) in the paddy field wetland
FERET LA OTU JF kAR, ZHFS151 H GenBank $di e , 55 h A AURIL ST 5, 403030 s L AYECF R84 1000 K bootstrap 7347 i
SCHREMUEL, /N T 50 AR IR . ZRBERIR 2% T4 26 5710 03 KK BE R IR

3 itig

A —RAFFA P A B A BR = A I iR £ 8 R AR U A A B R AR SR 0 T 5 e 55 . DA,
X — i A R AL R T, (HE AOA MY A BIBRER 71X — B, ARWFFEAEHL T 100 em &I AOA , FF
RIAE IR b, S A BB A O FEAE (SEIR A I Mo Wk BE R 0. 5743mg/kg, Mn* ¥ FE
0.0577mg/ kg, Fe* ¥ 0. 02mg/kg, Fe™ He FF 1y 0. 21mg/kg) , M AL 2F 7 2 4 £ BE TR 32 3F B T AOA YR
P BRRASTR 2 o 40 T8 i 2 vy v 1k 58 UAY A Ak B (NH —NO; —NO3 ), Hoo A i Al RE (AGy -, =
-341 kJ/mol) £ KT Mn (1) %84k K Mn( 1) (=175 kJ/mol) Fl Fe( 11 ) &4k N Fe (M) (=74.27 kJ/mol) ,

AR, T AOA HIl AOB 7ER A Abit Rt R VE 9T )2 tH AR5, AEE X FAb AT 76 2 48 fb i b i 4
HIPEEA— O A — SR FTIESE, FE B 0 H R op | U R B R AR FH A 2 AOB ™ {HJE AR
PERZH 3RS b AOA B SRR . AOA HIXFT AOB B M Ay AE AL 15 AOA 7F —LLRE Ik A 855
X T AOB B SR AYsa g St

AOA 5PRAAFALMAN AR DAk g gl R B, H TR AOA 4 anammox #2 {1 HL 7
2RI 5 R SR A A S Y BIF 5 45 AR A T AR SO R R R b AE S RGP LB AOA 5
anammox (IEFE . AOA 55 anammox MIEAFAE R MR TIGFE P A IR EES " 1 ) AOA RIS T/ B FAR AN
RRFEA R AEFRER , FF AL FUE 1 R/ ECRAS . FEBURL N anammox TE 7E Bt IR A 4514 T, 58 i anammox
FIT S RS R X —IREE R, NH R F BRI 2, N0, MM BE R T anammox W A G5, AOA 75
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99 —— River estuary sediment, EU099963
100 L Groundwater sample, F1543347
96 AOA OTU1#
—AOA oTu2#
100 L—— River estuarine sediment, FJ227731
Water treatment plant, EU852665
100 || AOA OTU3#
94 L Freshwater sediments, EU667932
Sargasso sea, AACY01435967
Candidatus Nitrosopumilus maritimus, DQ085098
100 Lake sediment, FJ755700
Water sample, FI839431
San Francisco Bay sediment, DQ148645
AOA OTU4#
99 Protected land soil, EU590219
100 — AOA OTUS#
L Sediment sample, EU025151
100 Sandy loam soil, EU137864
Dairy farm soil, FM867859
San Francisco Bay sediment, DQ278592
Soil sample, DQ534816

60

Water and sediment

59

100

48

Sediment and soil

33

0.02 08 E Upland Agricultural soil, AB353488
100 Soil sample, EU315733

B3 BHEMSSLHE(AOA) REREWM
Fig. 3 Phylogenetic tree of the ammonia-oxidizing archaea ( AOA) in the paddy field wetland

FAML R E 280 IZ RS (B4 T AR LA v] i AN S8 @ RS AL I ™ A2, I, AOA TR A fLid
TP AR AR Z KA i 30375 A 0 i S 38 T By i B LAE ]

Bt AW R TR E R E B A SR O XTI B B IENTT B O ARRIPT A O e B
FECRIZE AR B R ) Sfr R I B0
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