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FE P A5 B N e 58 4 W i TR 75 AT DL EAT 2
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mRNA X 28 £h %8 00 9w 15717 38 A I HuAE 52 AOA
EHAR R TP ESAAE, B HAT Y Ik, & £ 55
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Cenarchaeum

Nitrosopumilus maritimus

symbiosum'""

Nitrososphaera
gargensis'" Fl Nitrosocaldus yellowstonii'® | H ¥ N.
maritimus| http : // genome. jgjpsf. org/draft_microbes/
html ] I
symbiosum "' By LI E TAEC £ 58 . b5
K 2 BRI s AR S @ A AT AT A, X
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e 1 e 2 TR, 1A S 4K P R B L. Ma
SEEET 16S rRNA JE K WF 5T 1 1 7K 0 77 58 J% i g v
TR E D 2R, 20T & B Nitrosomonas marina
sp. Nitrosomonas ml143 }
Nitrosospira TE 1§ 7K B} 5% 58 2 (1) 2 B & 2 1E
FIU o Burrelld 457 35 95 4 5 4 45 45 00 F Oy it
TR IK KT 28 SR A 20 TR A v R A BF 5 ) A, R T 2
S A H EZE B Nitrosomonas marina , Nitrosomonas
europaea-Nitrosococcus mobilis 24 W, B A A AL
B AR IR R b BT o R B, R A T AT
RETE MR SR I AR ) A WA R bl 5 B B &
MR . H B, R Tk — BB B AF 5T 8 R DL AR 1B .
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L 1.1 FERCRAE:2009 4F 12 A S HRETITARSE
HP LT AR T R 56 O R R B 0 A9 IS 8, R IE T
S RUBREYE 3 IR 10 em SR BERY IR, B A
FEIRE R RAR — 20, 21 1R G J5 26 A KB & 1 2R
ARG, FF T~ 20°C VK AR R Ao M Yk IR
20 -25C, JE ¥ pH 8.25, NH,-N 69.7 mg/kg,

nitma/nitma. info. Cenarchaeum

cluster, Nitrosomonas

NO, -N 32.8 ug/kg, NO, -N 35.9 mg/kg, H #l
25.3g/kg,
1.1.2 K 7 M AL #% . Agarose Gel DNA
Purification Kit Ver. 2.0 ( TaKaRa ) , pMD19-Tsimple
Vector( TaKaRa) .Msp 1 Fil Hae 111( TaKaRa) ,PCR 1%
(BIO-RAD) BEIE M A% {X (BIO-RAD) Ht 3k A ( BIO-
RAD) .
1.2 # &5 DNA (iR EX

SR B 1 2 OIR SR I R 2R W) S DNAL 1
JEf R B U TR AT T AR B LAV B LR S K-
SDS 444 CTAB BEH2 U, e J5 Ji DNA B iz 2 1k
1) & (TaKaRa) #lifk DNA
1.3 amoA BEREY EETEXEME
1.3.1 PCR §"3 AOA amoA F[H ) )2 i 514 . F i
5% % Arch-amoAF :5'-STAATGGTCTGGCTTAGAC-
G-3" M1 Arch-amoAR: 5'-GCGGCCATCCATCTGTA-
TGT-3'#£47 AOA amoA JEP (9 1 . PCR 43 %
f4£:94°C 4 min; 94°C 45 5,55°C 45 5,72°C 1 min,30
AEF;72°C 10 min g
1.3.2 PCR ¥ AOB amoA H: R 1Y 5 i &4 Fl H
Bl ¥ %t amoA-1F.5'-GGGGTTTCTACTGGT GGT-3'Fll
amoA-2R ; 5'-CCCCTCKGSAAAGCCTTCTTC-3" it 17
AOB amoA A {9 33", PCR ¥ 4 4 1. 94°C
4 min; 94°C 45 5,60°C 45 5,72°C 1 min,35 PMEH;
72°C 6 min,
1.3.3  PCR 9 alifb. fit | DNA 4 b ik 7 &
( Agarose Gel DNA Purification Kit Ver. 2.0
(TaKaRa) ) #£47 PCR =¥ iy 4lifk .
1.3.4 o [ SC R AA K BH P o 1 O ik« Ak S
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BN, 1EWA X-gal A1 IPTG (4% E 1Y LB F
Mo b AT 0 B 2, BE AL PR IO B, SR A S
#) RV-M Hl M13-47 () PCR ¥ 3 17 4 A F Bt 1)
i 1 o
1.4 TENUFMEAZLZEHNERE

W 4 5E N BRIV S8 R 119 amoA BE[H] PCR 7™ ¥ i
AT BRI B B K B 22 540 B ( Restriction Fragment
Length Polymorphism , RFLP) , 43 5l K 2 b FR il t4
VIEE Msp 1 Fll Hae 111 %f PCR 7= ¥ 3 171 37°C i 1)
90 min, £5 5 BB &3 , K BH P v B 23 s A~ #
YErK BT (OTU) , Gi it OTU Fh3E A4 OTU fr %
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W2 17 51) I R0 PR B8 R it i A 40 A, 3 R A R A R
B W, iz § MEGA versiond4. 1 %X {4} 7 Neighbor-
Joining J M R G KB
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=7 :HM018578- HMO018586 , & A AL M & %5 H .
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0D, =1. 67,1 & JEAT 7 B o
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P, e M BEAE 10—50 A 2Z 1] n] 3k 1) 55 PAR A 97
BERCR . AR SLERK DNA TR B 10 A5 S BEA, 97
B4R e AOA il AOB amoA FE[H . 455437545 3 630
bp #1490 bp K/NAY 4 . 38 H B i By PCR
7 ] DNA gl 12050 & 26 Ak i s 1% #2 3 pMDI19-
Tsimple Vector T 448 AOA F1 AOB amoA F:[H
i SC P
2.3 AOA 5 AOB amoA EEH RFLP 4347

i 5 Hae TIL A1 Msp T 99 R ] 414 P 10 il 3of FH 44
v B - 43 ol R AT Wl D) 28 43 AL, AOB amoA JE (K 15
#] 13 4~ OTUs, AOA amoA FE[X 15 %] 9 4~ OTUs,
AOA 5 AOB amoA %[N vo B SC I B 75 75 5 4 il R
90.43% FN173.47% (F 1), 78 AOA amoA F:[H L%
LA LA OTU J2 e 2e i, Hosa B 750 B b 4 %

A TERESCIEY 57.44% , 4 2 4> OTUs sg B4 H
10 -20 Z 8], HA4 6 41~ OTUs ¥ 7E 1 -3 Z[E) (& 1-
A) o TE AOB [ amoA FEH sg e S h , A 1 4> OTU
SRR H 10 A, 473 4> OTUs sefE B HAE7 -8 2
[ (K 1-B) o 7540 @ 5 7 B A amoA SCJE Y, AOB
B amoA }: X vE % SC J&E 1) Shannon-Wiener 35 %5 .
Evenness 1§ %0 . Simpson 45 %% . Richness 1§ (¥ & F
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Fig. 1 ~ AmoA OTUs distribution in archaeal (A) and
bacterial (B) community.
F1 amod BEXENSHEEIEHESR
Table 1 Diversity properties of AOB and

AOA amoA clone library

amoA  OTU Library ~ Shannon- Evenness Simpson Richness
gene number coverage Wiener index index index index
AOB 13 73.47% 1.60 0.43 0.87 3.08
AOA 9 90.43% 1.30 0.41 0.61 1.76

2.4 AOA 5 AOBamoA EEFINERERZELE
W 43t

2.4.1 AOA amoA K[ v B SCPE RS8R 3 Fl
F RFLP £ AR X} AOA amoA 3 [H v B SC % BH 4 v f
HEATIH2E 0 B AOA amoA 3 [H va [ SC R AL 46 9 A
OTUs, B —> OTU EAYL 1 A AT T 534 o EHL
SCHE T F 51 55 R BEAE i 0 e 51 e [ A R
GEBEW (K 2), AOA amoA K Fi B 3 PE A3 45
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991 & CloneAOA-3(HM018578) N
52| | Paddy Soil Clone HH-2(GU225872)
'—'0 . A CloneAOA-48(HMO018582)
: 92
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99 'Flooded Paddy Soils Clone CQ-1(GU225863)
A CloneAOA-4(HMO018579)
Upland Agricultural Soil Clone:DGGE_AOA_12(AB353500)
A CloneAOA-86(HMO018585)
100 'Rice Soil Clone AOA-95(FN562533)
50 A CloneAOA-49(HM018583)
100! Rice Soil Cline AOA-94(FN562532)

22 CloneAOA-19(HMO018580)

Protected Land Soil Clone BGA-41(EU590265)

Cluster S

98 _( 4 ConeAOA-27(HMO018581)

99! Paddy Soil Clone HH-11(GU225885)
| Nitrosopumilus Martimus(EU239959)
100 | Sargasso Sea(AACY01575171)

] Cluster N

A CloneAOA-52(HMO018584)

2 BEFEEUEE anod EE 182 MEEBF I F RMER RE KB B (Neighbor-joining tree)
Fig.2 Distance neighbor-joining tree generated from alignments of AOA amoA sequences based on 182 amino acid residues
from shrimp farm sediment and representative references retrieved from GenBank. Accessions numbers are shown in parentheses.

Clones from this study are indicated in A . Significant bootstrap values above 50 (1000iterations) are displayed at branch nodes.

Scale bar represents the amino acid residues percentage.

Crenarchaeota 1 Unclassified-Archaea

MNEGE R T M KE, AOA amoA FE P ve Fi 3C %
TR —4> OTU &% J& T Unclassified-Archaea (
Sy H) , 5 NCBT H s & v Fe 41 [R) 5 7 A AR Ah
Ha e 91 #8 )& T A 7T 55 3% Crenarchaeota (17 B
1) o Cluster S ()37 51 52k A fif H 3 B frdr gk il
TR AOA amoA FE N Fp 9 AEAE R — 70 3 1, T
SR R VETURRYI Y AOA amoA FE K] 7 51 AH AL 14
ARAK
2.4.2 AOB amoA FE v P& SCHE 5 G2 K B 43 H7 : ]
FH RFLP £ R X} AOB amoA JE R v [ SC 1 BH M 5o B
HEATIHZE 53 A . AOB amoA Kk P i B SCJE 41 45 13
A OTUs, B — 4> OTU KA 3% 1 A BEAT 0 )5 43 #r o
T8 HBCSC PR BT 4 5 R R B AR Al 4 81 3 [ A
HRGRKEM (K 3), AOB amoA K [H 5e FE SC 41
$5 B-Proteobacteria H' ) Nitrosomonas (61.54% ) Fll
Nitrosomonas-like (38.46% ) , % A & B Nitrosospira
J& Nitrosospira-like ,

MR G kKB WHRE , Nitrosomonas communis
cluster | Nitrosomonas sp. Nm148 cluster [ Jf 51 5 k&
HIRZK U FJRUE AT H IR B amoA 5 X I 31 3R 4
FE A — 43 3 b, M0 5 1 K KO PR JE 1Y amoA K& A
JFA I B 4 8, Nitrosomonas-like cluster [ Ff 41 5

S B KW A0 - EE ) amoA FEN R4 BREE —H
3 it

T SR 3758 00 1), 28 70 GRDR) e R 8 A R Ok 4
o VB ) P 3R 848 £ 2K B0 1 SRR 7 5 () N i 2 3R
FE I HEAT BRI S KA LAY A S Vet s LR
TE B e G T A6 TR 5 I JE 9 R ) A A 4 S R ) S 1
PCR 3 BRI PE G D) 45 S0 80 . LLFEBR8 f
DNA f# B2 S DNA, F0F G 3 47 )65 A i
W10 AR R T A R R R Al i P
¥ I 63% B9 DNA $2H'° # HJ5 4k PCR =4 £k
P 23T 14 B L T A B IR AR . AR S SR R AE S E
24 0 S22 A T4 G 9 5 A L R R v 25 R B O
MAR A b 6 168 B8 1R 45 2% B DNA (975 e, $
DNA Fift, B, 76 B 5 v 09 SE Al 1 J TENP 22 nh
VLT Jub TR 3 S U8, 45 B LL e Al v i DNA KL W
J5 45 PCR ALY 4 th &% H I 4%

Purkhold 2535 T amoA JE K 2 58 ¥ 1k )¢ 26 &
FALAE  Nitrosomonas J&42 9 S AHE . ALk

di HK W B Nitrosomonas communis — cluster
( 38.46% ). Nitrosomonas sp. Nml48 cluster
( 15.38% ). Nitrosomonas  oligoiropha  cluster

(7.69% ) ) Nitrosomanas-like (38.46% ) (K 4) , &
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93 & CloneAOB-15(HM018588) ™
97} Uncultured Bacterium Clone YJ16(EU74433)
A CloneAOB-44(HMO018594)
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05. A CloneAOB-90(HMO018598)
A CloneAOB-61(HM018596)
99! Nitrosomonas nitrosa(AF272404) —
Uncultured Nitrosomonadaceae Bacterium Clone 3CC11(FJ561357)™
Uncultured Bacterium Clone AS-AOB-60(GU327814)
A CloneAOB-50(HM018595)
A CloneAOB-37(HMO01893)

Nitrosomonas cryotolerans(AF272402)

99— A CloneAOB-102(HM018599)
64 Nitrosomonas oligotropha(AF272406)
75 Nitrosomonas marina(AJ388586)
86 Nitrosomonas sp. NM51(AF272412)
314 CloneAOB-23(HM018589)
A CloneAOB-24(HMO018590)

100| |Uncultured Bacterium Isolate DGGE Gel Band F2(GU377305)

0.1

52

N.communis cluster

N.sp. Nm148 cluster

SPUOUOSOAJIN

—

N.cryotolerans cluster

j N.oligotrpha cluster

N.marina cluster

Nitrosomonas-like

A CloneAOB-87(HMO018597)
A CloneAOB-14(HMO018587)
A CloneAOB-27(HM018591)

3 ETF AOB amod £H 149 KRB F FI 5 BB M & 5 & B & ( Neighbor-joining tree)

Fig.3 Distance neighbor-joining tree generated from alignments of AOB amoA sequences based on 149 amino acid residues from shrimp farm

sediment and representative references retrieved from GenBank. Accessions numbers are shown in parentheses. Clones from this study are

indicated in A . Significant bootstrap values above 50 (1000iterations) are displayed at branch nodes. Scale bar represents the amino acid

residues percentage.

&K W H 4 By Nitrosomonas marina cluster,
Nitrosomonas europaea cluster . Nitrosospira J& .
Nitrosomonas communis cluster, Nitrosomonas sp.
Nm148 cluster, Nitrosomonas oligotropha cluster | {7
TEAET YK B VP B8 0T LR R0 Ma 45 2%
T 16S rRNA K A B 5% 5 7K A 55 58 5% i Je , A6 I 3
Nitrosomonas marina cluster | Nitrosomonas sp. Nm143
cluster }z Nitrosospira clusterl [14] LM 3 NEWT 2
FEAE TR ERIR R T O s e
WHE o K LEWF T AR R, RIRE K 7= SRIH , 17K 37 B
SWOKFRA, HAFJE IR JE AOB Rf V& 45 1 A W] g 2
5o McCaig SEHFSTHEK SR AT JE AOB B % 4544
&I Nitrosospira clusterl J&&x & W, B2 K0 2
cluster, 1M ¥ A & W 7|

Nitrosomonas

Nitrosomonas marina
cluster
oligotropha cluster %5, 31 H & ¥ M #] Nitrosospira
cluster 5" ¥ /K S5 58 R 8 IS 6 5 0 5 IS U2 AOB 1
REG MR, IR B ST 45 2R 1Y 22 S v A T 22 5t A
R T HE YR AL R BUE 0 T AOB B i 45
F oA, U H G2 #h E XS AOB [ B 45 0 2 FF 1 1Y 5

Nitrosomonas communis

Wi , Coci SEMFAEARLFIE SE3X — 5, Coci F5H LR i
Xf Scheld ] FTCAH i AOB i () 52 0 ) 2 B, 28
IR K BE W J5 TR G B9 Nitrosomonas oligotropha lineage
B[R] — lineage N AYIE AOB AU ; 48 & $h 7K #E it
Ja, £ JEZ 4 lem WY Nitrosomonas oligotropha ¥
Nitrosomonas marina % . T 22 ¥ K HE L )5 e & A2 1
AOB B A5 4k WA g p F £k /K ' . Hovanec %5 3% il
(7] — 77 9 X8 1 KRR 7K AT A AR A T Y AOB it
FERE I, 245 5 AR W 31036 7K b i AOB, i G v Kz i
% K g AOB™ o Bt HE R A ] A B o
AOB FPRERY B IR RN R 2 — , M h A 21k 25 57
B2 AOB Filt BE A 1 B 8 3 77 AR R W) S i . =R
At T (AOA ) 78 R 8 B0 b it 1 22 45 ) J2 o 4F A
RILH . 2004 4F, Venter 55 1 T FE I3 Y FRIE b
WRBLT W amo JEN MR FFI > . 5 kR B,
B )aE Bergen K 2% [ Schleper AF 5% /)N 2H 75 + 35 3R 4%
JEH AP 2R B, 2006 4F, Leininger % 7E
Nature 24735 F &3 T X5 12 A5l 3 >4l 19 Ji
i - HEAN A A R BT ST IR, S I A IX B Ok TR
JUZ R S, SR T amoA BE TR I 48 DR
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ik BRI TE AN A T Y 3000 4%, amoA K [H] (4 %5 UL %K
SRR B IR BT (295 crenarchaeol ) £ 1 & 1E
RHE o B FE & B AOA 3% 36 A7 4F T 14
WU K B Ut B T R T4
RIS rh, HBCR W B  AOB X SE4JF 57 45 SR AR 2
AT AOA TE H SR PR 55 b ZAY 2E W) 3t BR AL 22 906 36
HATEZA/EH .

AW TN FRIEIE IR Ve b, [FAEIESE AOA (77
15, B UESE A AR o i RFLP $AR 73 B 36 AR
F Mk vE BT, ¥ Lo X 4 R Gk B A AT, R
Wi 3R 19 AOA amoA J [K] ¥ 51 #B J& T % 1 1 ]
( Crenarcharota) , R 1 4~ OTU F5 )& T R/ H)
1 B (Unclassified-Archaea) , 5 NCBI 4 £ i ¥ 371
[ JEPERAR . AOA B 7% 45 19 LU 45 B — HL A7 1 48 X
R/ OTU3, H g B 7 %0 H o5 8 4> 5w B SO 1Y

Notrosomonas communis cluster

57.45% ,iX 5 AOB [REIE S5 AN R, JF Bk s 2345
AL T AOB, 2003 4E Avrahami 5K #E AOA [F%1 3k
VR XA 434 cluster S(soil origin) #1 cluster M ( marine
AOA amoA RN FH 5B
FNEREE RS I W PR AP ek A S R R B —
ey 51 BAT AR 5 R #R 08 T cluster S, 517K K&
MEEDTRRY) T i) AOA amoA B[R J¥ 51 AR AL PR AR I
R F] cluster M T 51, 33X & 7R 35 ¥R 7K HF 55 5
AOA 5 AOA HEMPLE S KR . X 4Lt
FEA AR R W] AOA 1 8F 5% 58 58 00 BTG 2R b A7 4 R E
MIVEHT, 40 e THF AR S R G ARG R BB AR,
HNHAREARAZE RS Z MG HA MR
P e 45 20 13 5130 R 2 LA AOB (AOA 5 HF 3 34
SN - 2 (6] B R O &, JEHE AOA FEBRIE R G0 vh
() I A A T RE -

Nitrosomonas-like

and sediment origin) *’’ |

38.4% O Q 38.46%

Nitrosomonas oligotropha cluster 7.69%

15.38%  Nitrosomonas sp.Nm148 cluster

El4 HRSFIAEKIR AOB FEf L5 AR

Fig.4 Pie chart showing the community composition of AOB from shrimp farm sediment.

The percentage in parentheses indicated the abundance of clones of the respective AOB

cluster in the pooled amoA gene library.
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Diversity of -Proteobacterial ammonia-oxidizing bacteria
and ammonia-oxidizing archaea in shrimp farm sediment

Lihai Gao,Weitie Lin”~

College of Bioscience and Bioengineering,South China University of Technology , Guangzhou 510006 , China

Abstract: [ Objective] In order to study the diversity of ammonia-oxidizing bacteria ( AOB) and ammonia-oxidizing
archaea (AOA) in shrimp farm sediment. [ Methods ] Total microbial DNA was directly extracted from the shrimp
farm sediment. The clone library of amoA genes were constructed with B-Proteobacterial-AOB and AOA specific
primers. The library was screened by PCR-restriction fragment length polymorphism ( RFLP) analysis and clones
with unique RFLP patterns were sequenced. [ Results ] Phylogenetic analyses of the amoA gene fragments showed
that all AOB sequences from shrimp farm sediment were affiliated with Nitrosomonas (61.54% ) or Nitrosomonas-
like (38. 46% ) species and grouped into Nitrosomonas communis cluster, Nitrosomonas sp. Nm148 cluster,
Nitrosomonas oligotropha cluster. All AOA sequences belonged to the kingdom Crenarchaeote except that one
Operational Taxa Unit( OTU ) sequence was Unclassified-Archaea and fell within cluster S ('soil origin). AOB and
AOA species composition included 13 OTUs and 9 OTUs. The clone coverage of bacterial and archaeal amoA genes
was 73.47% and 90.43% . The Shannon-Wiener index, Evenness index, Simpson index and Richness index of AOB
were higher than those of AOA. [ Conclusion] These findings represent the first detailed examination of archaeal
amoA diversity in shrimp farm sediment and demonstrate that diverse communities of Crenarchaeote capable of
ammonia oxidation are present within shrimp farm sediment,where they may be actively involved in nitrification.

Keywords: Ammonia-oxidizing bacteria (AOB), Ammonia-oxidizing archaea ( AOA), AmoA gene, PCR-RFLP analysis
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