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(ammonia monooxygenase subunit A, amoA) %k [Xl W,
VP2 s a R IR S SR E Yo Bl R S R 4
HUER B3 DT (AR AL BV O FE R R

S8 B AR R R H O AT
S (¥ P 55 AR 6 e IR D DI TR B H
(ETERTRES kL e NN AV i R R RIERLT:
Mo, DL A3 rhoOke OGB4 I B0 2 S A S ZE W AR
ZIAN R =R /N AR RE RIS R ER AU U R R g
Py K i RIVIE Vi 45 K 1) 5% W05 O 9 A 1) B4 B i I R
BEAT 125 BRSO 180 0 1 1) 3R 0 i 24 1k B e A
Kl Ak

1 MR Ik

1.1 HmERXEMLEHH

L1 FE R WF T XA T P 5 o 30 1) R
By B LT USRIk (41°06728. 17K, 112°36°
07.2"N) » 113 AR 34 C IR /K 56 4 R Wi
24 v B e S AR K, JES I O i IR IR K o R i B )
e Jo T MY R vy o 2 B A 4R B 2000 m —
2131 m, Ja g 2 fg O 7 KBl 2 e, & FR i KT
P MR T B o PR - 1.3°C, i ik
Rl - 39.9°C, d R 28.2°C, O By B OK &
385 mm; JoAE A 100 d; ¥ X GH 8.8 m/s. L3 DL
SR O . MIHOE o5 K 80% - 95% , JF A 18
Toft R 0 B B b

11,2 B SR AR R0 Ak 388 o DI O JE 3508 810980 o 2 Dt
A IR 7K M I3 R 4 AN SR RE S 23 ) g W
O~ TS T W O DR R ) 5 43 Sl bR il Sk A
B.C.D. H] GPS & fr A fff & R A £ 446 5 X T
A AL AT “S 7 RURAE™ 43 I L5 0 - 10
em 2, 4°C QR 6F I T 0] 5256 5 HEAT B A FE
ARSI 2 mm i, 5338, fRAE T - 80°C I 4°C
JIT DNA 3 BUF At BEAG PR 1~ 1 20 #

1.1.3 & ZEAL2EFIR 57 : Vortex-Genie® 2 (Mobio
Laboratories Inc) ; Eppendorf PCR 4% (7% [ ) ; HC-
2062 i B 0 ML C22 B B b AR R AR A R A
H) . Axyprep DNA Gel Extraction Kit ( Axygen

a4 =

AN RO > B 5 b 5 A7 B BB £ B x DNA FF i AR 1

scientific, Inc USA ) ;
(TransGen Biotech) .
1.2 TRBUAMRENEVDHENEYENE

R B P KR 0 5 4 <M 4 1 (Aerobic bacteria)
¥, LA W AR ) i (MBC) B A=)
R (MBN) SR &0 07 JE 2805 005« 4 338 3 AL 1 R
W 5E 2 2% Scwk 7]

1.3 tiE5 DNA 2

KBRS BRS0 A P5-SDS k4R I R
DNA ™, SEASFE S BRI 0.3 ¢ + 33, $2 LK DNA
iR T 50 wL TE 1, 0. 8% Byt Jig b 46t e v 9k A4 01 5 4%
AR 9306 BEVE I AE 230260280 nm YOGS T LA
Rl DNA- ) $2 B % e 20
1.4 MPN-PCR

MPN-PCR J5 £ & 56 F MPN 3753k ™ A A
I35 T BOW AR ) BEAT VT B B T T R ) A
T 5E g A b R R A BERE (AL S B AL
T4 2550 Mot T S BRAL A R BR AL S )

1.4.1  JEF amoA JEN ) PCR ¥ H8 i ¥ & #
AOA F1I AOB 11 5 50 i 406 B R CamoA) A5 2 H b Jk
F

AOA 1y 50 L ¥ & & f & dNTPs
(2.5 mmol/L) 8.0 pwL. 51 % % Arch-amoAF /Arch-
amoAR "™ (10 pmol/L) % 1.0 pL.10 x Buffer (Mg
+) 5.0 pL. EasyTag DNA polymerase ( TransGen
Biotech 5 U/pL) 0.4 wL AR 2 wl o PCR [ [ 4
££:95°C 1 min;95%C 30 5,55°C 30 s,72°C 1 min,35
MEIA;72°C 10 mine H#x Bt 635 bp.

AOB H) 50pL ¥~ & & f & dNTPs
(2.5 mmol/L) 4.0 pL. 5] # % aomA-4F/amoA-
2R™ (10 pmol/L) % 1.0 pL.10 x Buffer (Mg +)
5.0 wL.EasyTag DNA polymerase (TransGen Biotech
5U/pL) 0.4 pL i#R 2 wLo PCR Jx B 4 fF:94°C
1 min;94°C 1 min,59°C 1 min,72°C 1 min,30 M1F
I;72°C 10 mine. H b5 F B 491 bp.

1.4.2  MPN-PCR & R b5 R BEARE 20 B, B¢
WREEPE 107 =107, A RRE I A EL . fw
T o i 3 Ccell/g) SRATUA R 2 245

pEASY-T1 Cloning Kit

BB > GORRE i i (F ) 2.5°

a: Note that characterised AOB have 2 to 3 copies of the amoA gene per chromosome which accounts in sensitivity in this assay[

2]
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1.4.3  PCR § 88 Wy 2i A s 73 500 %5 4 A 38 ke
dhHt AOB M AOA ) amoA JE N HEAT 4 4%, PCR 7
W2 1. 5% B TG K Bk A W, A Axyprep DNA Gel
Extraction Kit (Axygen scientific, Inc USA) R 7| & ik
17 PCR =9y a2l 4k -
1.5 #HEREXERARFELSH

BEoxb e g R, W AOA F1 AOB 2% [ % 5
DTSt B 5 B 2 R R &R o BRSSO
BEHL PR 28 — 30 AN FH P 5 B 5 23 #1 H amoA BRI
A A6 B SE IR 24 W) 5 B T AR . W 45 R
CLC sequence Viewer 5 B A 4w % I U amoA R IH ¢
F1), 13 3 0l {5 K FE 635bp AT 491bp (1) 5 Fi 7 51, H
BioEdit #{F A2 BBE 2 R K4 SO > 1505 28 B i) B 2 40
B SCPE T DOTUR %PE 20 07 si e 3 51 1YL # g R 4
KB WA AT 98% Fr 41 A ALYE 1) R 41 E R
—~ OTU (Operational taxonomic unit, A] 4325 /E
g6) "o XA AN SR OTU 1 [ I 75 4 A
OTU ki 1 A B AT AR LM 7 B )y 51 (241% OTU
FHMITEFS 2T 1) ", 5 NCBI W % $0i#
FE Chttp: / /www. ncbi. nlm. nih. gov) #EAT EL X,
16 MUAH AL JE B e 1) 2 91 O 25 IRUPE 45 b5 AR AT 5 I 3k

19 1 5 B )7 5 A &5 4 5 28 Clustal W K £ 42 e MEGA
version 4. 0 # {1 fi5 52 /9 3CFF f A 4% X, HI MEGA
version 4. 0 B P 5 7 46 % 1M 07 B 8 R MO 4R
Kimura XY 2 1 §E & .
1.6 EEF37 GenBank HHIE RS

W 5E 1K 56 7 410 3 42 A8 &2 GenBank. AOA-A
Bk 5 JF735049 - JF735076; AOA-D 1) % =% 5
J¥735077 - JF735106; AOB-B [ & 3¢ 5 : JF734992 -
JF735019; AOB-D [ % %5 :JF735020 - JF735048 .

2 HURR B

2.1 FEBRTHTIEBEUSHEEYEGERSE
fE

AR 4 AN FE A (AVBLCL D) MR T O -
AR — WA — W D, VR R 0 pH A R
WA EE (BN) A (TP) A7 1 W (¥ 86 1 A2 4k s 4F
S VEYN B (Aerobic bacteria) % & U W 4 W) = Wk
(MBC) » 4% (TN) 5 HL it (SOM) %% 2 % (NH," -
N) SRR BT (A HAE B 8 CFE AU B A
Al RE, 5 7K R (Soil moisture) FIAH &A% (NO, N) & F
Beta#h, WARAE B sk C FE A LS R0 PEL R 1.

F1 HmpEARTE

Table 1  Basic characteristics of samples

Soil moisture ~ MBC MBN Aerobic bacteria TN TP SOM NO, N NH, N
Plots pH .

(%) (mg/Kg) (mg/Kg) (CFU /g) (g/Kg) (g/Kg) (g/Kg) (mg/Kg) (mg/Kg)
A 9.24 33.33 461.58 113. 86 1. 06E +07 11.56 0.90 114. 84 7.54 1. 18
B 9.40 21.26 387.77 120. 18 8.30E +06 6.93 1.01 96. 65 3.61 1.00
C 8.32 17.51 661. 85 174. 89 1. 12E +07 7.35 1. 04 84.74 1.94 1.12
D 7.63 20.95 897.79 204. 48 1.20E +07 11.71 1.05 120. 62 3.19 2.31

2.2 SELHMEY MPNPCR i34 R
TEAFEM G RN RBEREM 3 AN EE
BHE 45 L 00 A5 149 20 AR Y. 0 £ 38 45
2.2.1 A (AOA) : K4 =iz 36 73 21 (19 BH 1k
g5 UL, i B MPN o1 25500 08 20 58T B AE ASB
C.D Ff /UM 5 48 b5 53 ) 2k 200,320, 320, 300, %4
AR bR A — A 1 R A K4 & 101104104107 (A
K1) .
2.2.2 A (AOB) : [F) B, 45 Sz 46 [H 1 &5 5
B A B AE ABLC D FE 50 5= 45 45 4
J& 320,300,312, 310, % & 48 A5 55 — 7 16 76 B i 4L
4y W& 10.10.10°.10° (& 2) .

2.3 EEUMENNBEERHF

LA B 1 45 SR8 th 1 B R R O
00 60 e 5 0, 98 MPN 22, 40 1 ek 5 4 K 9
P B 1 % B 40 R S
B 20040 A0 AR E B, BB AOB [ BT 15
FAOH B0, B b TR, OF FLEAE B RE 4
b 41 LAY 2 HR LG B Al 3 A B KR B /b
AOA. [y e e M0 B35 85 J5 4 e i (1 3)

/3 7, AOA 76 A BE 2 1 SO A2 ik Dy
i AOB B Bf i oft ity 40 B /2 B A 1y, /D RE 15
R R R B . LR 4 A
BE SR AOB k15 AOA S A Le % % 0.3 (B £
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18§ 1716 1514131211109 8§ 7 6 54 3 2 | M 1817 161514131211 109 8 7 6 5

AOA-B

1817161514 131211109 6 5 4 18 17 16 15 14 13 12 11 1050 SN

B1 FHSEFLHEN MPNPCR £ R
Fig.1 MPN-PCR of the AOA in four samples . the numbers in figure from 1 to 18, group of three according to order, represent three
repetitions of one dilution respectively, total of six dilution, in order from right to left is 100bp DNA Ladder Marker,10 ~',10%,10 ~%,
107%,10 77,1076,

I8S171615 14 13 12 11 1079 S35 TG

1817161514131211109 8 7 6 5

S s00bp
—100bp

76

E2 ZFHIESWHAEN MPNPCR ER
Fig.2 MPN-PCR of the AOB in four samples. the numbers in figure from 1 to 18, group of three according to order, represent three

repetitions of one dilution respectively, total of six dilution, in order from right to left is 100bp DNA Ladder Marker, 10 ~',10 ~%,10 %,
107%,10 77,10 °°.

B~ 18, 1(D FE£D) 76 75% [KIRE A, AOB 1%k MRS JE it . % 4 Leininger & A % B 57 T
T AOA, 52009 4E Di S5 N MIBFF0E — 5", BB 3 NS0 12 AN EEHL R AOB I AOA
AT AR 5 45 R R E RO R R MR R R b, SRR B S0 R LT R M AOA 1R B8y
FURAL G B Bl RE B AR O HRS AL E R 2 B @ T AoBMT .
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Fig.3 Numbers of microbes in plots.
pa—— e = + 1 —
2.4 [EMAEN LR NH N 8908 j —=— AOA-A D=0.03
4 AVBE R BB R BRI NHL N A T[ ooan
(1), LS /0 HBAT 00 AOA HUEE SR8 n B 5| —*AOBD
s e . " ; N g
fka#, 2 B AHIEST s AOA [y Hi i FE o v] L £ 4r
B A5 JEC 490 R I 9 P 0 8 i % m . T AOB =l
% S N C 2r
HOEAE B AR S I A B NH N AR A # L
*ﬁ#ﬁ,%ﬁﬂ AOB E@ﬁ%xﬁi%qj%ﬂikgﬂg&{/t{& 0 | S I Y S S S Sy B
R 1 4 7 10 13 16 19 22 25 28 31
Hj I l]ﬁ e Clons analyzed
2.5 FiEMBAEM TIEFR AOA 71 AOB B &S
; B4 EHaimritihsk
MEREHEEDH R
R . Fig.4 Rarefaction curves of different samples.
F LA L B AOA A1 AOB £ it fe /b Rl fe
F2 EFIIKTEMMAENSHAITEXESHEEY
Table 2 Diversity indices based on phylum-evel and species-Hevel of clone libraries in samples
Source AOA-A AOA-D AOB-B AOB-D
NO. of analyzed clones 28 30 28 29
Distance’ 0.03 0.2 0.03 0.2 0.03 0.2 0.03 0.2
Coverage% " 82 100 80 100 100 100 100 100
Richness® 7 1 6 1 4 3 2 1
Chaol* 8.5 1 7.5 1 4 3 2 1
ACE* 9.46 0 12.56 0 5.03 4 0 0
1/Simpons' 2.64 1 2.49 1 2.16 1.26 1.07 1
Shannon® 1.33 0 1.17 0 0.94 0.41 0.15 0

“80% identity was estimated as the phylum-evel distance (D =0.20) , and 97% identity was estimated as the species-devel distance (D =0.03) .

" Percentage of coverage: percentage of observed number of OTUs divided by Chaol estimate.

“Richness is based on observed unique OTUs.

' Nonparametric statistical predictions of total richness of OTUs based on distribution of singletons and doubletons.

“ Nonparametric statistical prediction of total richness of different OTUs based on distribution of abundant (410) and rare (pl10) OTUs.

"Reciprocal of Simpson’s diversity index. A higher number represents more diversity.

“Shannon diversity index. A higher number represents more diversity.
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BIRE S AR IE B AOA-A.AOA-D.AOB-B.AOB- i A Z|akiin i fn (& 4) , 5 B A 50 B 158 09 % 44

Do WKIEHIEE 4 A amoA JEIR 5 B SCFE, JL3RAF 115
AT % v By A1), Hof AOA-AL AOA-D. AOB-B.
AOB-D 4 3 FL 47 28,30,28,29 4 amoA 3L K JF 4.
THA e B SO PR 5 R R TR W ) e B B ER T
80% -100% (D =0.03) ¥ 5 b SCJE (R 2) 5 %4 5
s e 1 ottt 6 v B A Y s S S T ) v

54

A A ) A A AR 3R T B S A R A
WA % Rk .

BT & FE S TTKSE (D =0.2) fFpKSE (D =
0.03) [ty 2 PEMEFRFOEAT LB Y L 26 2 Wi, £E RN I
A E(D=0.03),A0A 7& A FI D ¥ S rp 2 ) B A
7 ANFI6 A OTUs, AOB 75 B fI D ¥ i vh 4> il 45 4

Crenarchaeota-soil clone (JF748305)

50} Uncultured archacon-wetland soil clone (HQ317672)

0.02

991 AOA-A-OTUI(S)

AOA-D-OTU1(10)

Crenarchaeota-soil clone (JF748130)
AOA-D-OTUA4(8)

Crenarchaeota-soil clone (JF748280)
AOA-A-OTU4(9)

Crenarchaeota-soil clone (JF439027)
AOA-A-OTU9

Crenarchaeota-wetland soil clone (HQ202430)
AOA-A-OTU7

— AOA-A-OTU3

53 AOA-A-OTUS

99

AOA D-OTU9

AOA-D-OTUS

100

90

AOA-D-OTU6

T e

Crenarchaeota-sediment clone (HQ538564)
AOA-D-OTU2
Crenarchaeota-arable soil clone (HM803793)

99
50

Crenarchaeota soil clone (JF748373)

Crenarchaeota-soil clone (JF748252)
AOA D-OTU7
Uncultured archaeon-agricultural soil clone (HQ685824)
Crenarchaeota-arable soil clone (HM803788)
100 || Crenarchaeota-agricultural soil clone (JF748303)
AOA-A-OTU2(3)
AOA-D-OTU3(6)

renarchaeota-grassland soil clone (EU671651)
100 AOA-D-OTUS

68

— AOA-A-OTUS(2)

100 T— AOA-A-OTUG6
L Crenarchaeota-deep-sea sediments clone (EU885699)

— Uncultured archaeon-grassland soil clone (GU931361)

100 L Crenarchacota-soil clone (HM803797)

5
Fig.5

from the studied soil samples to closely related sequences obtained from the GenBank database.

parentheses.
clone sequence within a given OTU, the number“1 ”is omitted.

first OTU of AOA from A sample.

Numbers at each branch points indicate the percentage supported by bootstrap based on 1000 replicates.

substitutions per nucleotide.

EFEENEHE amod HE S8 NS EBF

Neighbor—joining tree showing the phylogenetic relationships of AOA amoA gene sequences based on 58 amino acid residues

All OTUs are shown, and the number of clones of each OTU is shown in parenthesis at the end.
Clones are named as follows for the example of AOA-A-OTUI :
“AOA-D” means “AOA from D sample”.

IRREENARREREN

Accessions numbers are shown in
If there is only one
the
Bootstrap values >50% are shown at each node.

Bar indicates 0.02



110

Lihua Hui et al. /Acta Microbiologica Sinica (2012)52 (1)

F12 4~ OTUs. i if %} Shannon.Simpson. Richness 2§
2 FEVE R B 20 BT > S T 2 7 B 5 G 1
AOA I J& AOB, L& #8519 in i) 5, (1 AR ) 2
FEVEA P BR AR, JF HAE AOB i 1z iz e 1 3 A A 23
DR s 2 B R AR AR Rl K B A 2
A~ OTUs,

LRFRE NN, WA 2% 2 57 1 Fp 51 58
XA OTU ™, A I D 5 & A i B 5 e S
o BAT 9 A OTUs, By Ja b 1 of (1 28 o 181 1)
(Crenarchaeota) , 7 # ff] j&» AOA-A-OTU6 FIl AOA-
A-OTUS 55 R Y5 T I B0 VE DO ) B 2 S8 A T T
Fe s R U5 CIELS) 3R ¥ 0 B 7 AUANCAE A B R i
L MAE D KR, B AOA 1) vg B J3 41 #5855 oK
T2 AR 3 3 s AR A T R A AR R R TR O

68

63

99

PEo AOB I RGEK H W7, 18 2% J¥ 51 72 5 1 K-
LB A D FERLE A S ANRN2 A4S OTUs, B B FE £
1A OTU AL & — AN we B 7 41) 76 NCBI %45
JE R AT R B LA AL B 1R U A, 2 A R R
AOB amoA K& K1) i 7 v B )7 1) 6 I T~ B2 T 16 4
I TR A L 0] H
Wi e B F
(Nitrosomonadaceae ) , J: o & N #E £ 9B 19 K #F 4)
AOB amoA K& [X 1) v % J3° 51) 7> 51 8 15 SV 4 14 50 7
J& (Nitrosomonas) 47 — 52 AP, LGRS 50
548 5 J& (Nitrosospira) A — & [F P54 (& 6) 5
1 158 1 R 7K e hf 2 S A A T R S TR ) S AR AT
g AT AP

( Betaproteobacteria ) ,

( Nitrosomonadales ) ,

641 AOB-B-OTUI(17)
99 FBetaproteobacteria—water clone (EU116357)
AOB-B-OTU3(2)

Nitrosomonadaceae-lake water clone (GQ342686)
AOB-B-OTU5
721 AOB-D-OTU2

100

Nitrosomonas-cryotolerans clone (AJ298712)
Nitrosomonas-ureae clone (AF272403)
Nitrosomonas-oligotropha clone (HQ399455)
Nitrosomonas-oligotropha clone (AF272406)

Nitrosospira-sp.CT2F (AY189143)
Nitrosospira-sp.40KI (AJ298687)
991 AOB-B-OTU4(7)

Uncultured bacterium-estuary sediments clone(HM364056)

Nitrosospira-sp. (DQ396811)
Nitrosomonadaceae-arable soil clone (HM803817)
Nitrosomonadaceae-arable soil clone (HM803869)
100 Uncultured bacterium-soil clone (AY944215)
531 AOB-D-OTU1(28)
Nitrosomonadaceae-red soil clone (F1517385)
Nitrosomonas-marina clone (AF272405)

AOB-B-OTU2

B6 ETFERENME amod EAST M EEBFIFBRUENRELEN

Fig. 6 Neighboroining tree showing the phylogenetic relationships of AOB amoA gene sequences based on 57 amino acid

residues from the studied soil samples to closely related sequences obtained from the GenBank database. Accessions numbers are

shown in parentheses. All OTUs are shown, and the number of clones of each OTU is shown in parenthesis at the end. If there

is only one clone sequence within a given OTU, the number“l ”is omitted. Clones are named as follows for the example of AOB—

B-OTU1 : the first OTU of AOB from B sample. “AOB-D” means“AOB from D sample” . Bootstrap values >50% are shown at

each node. Numbers at each branch points indicate the percentage supported by bootstrap based on 1000 replicates. Bar

indicates 0. 02 substitutions per nucleotide.
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TE T30 B K P T R I R 2 R G, AU
AT A 0 0 BB 5 R B S 2 W A BT A 6
AT B 5 S5 A 4% 3 O 9 A 5 DA
B 4L T A R T 3R R S 3 1 R SR A B 2 A B
T, F FLI I T o0k 3 b U 9 v B A1) 3k 2 T g8
S 5 S AIE B 7 A EH b 39 o Y A 0 (U
SRR AR R B K T g g P A
IF 5046 S ors, 76 03 f 13 P o, G S e 4
(KR8 I b R S S8 A T R A, AOB o B o 2
A 3o R AR O S O A S5 R B R R B B
B rh NH, N fR A5 Ak it T w87 5 DR O 90 B X
— LG SR W 7 3 R K I R R A0 B
W R R R T — A S BE A NH N R B e IS 5
1 H0 23 A A S AT B9 S S TR 4 5
AOB Fi B 1 40 A5 0 e ik FEE i e s A A0 1 T 45 1
(M EEHEZ — o IREIRE R0 KIE Iy R LK
Ji X A S A R R s R R R A R 2SR 4
ey EER T

1L JEE T 1 — e S LA R R T v R R
S AR P T S A TR R U T E I R U O
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Community structure of ammonia-oxidizing prokaryotes at
the dry-up lake in Huitengxile grassland

Lihua Hui', Ji Zhao"”" , Linhui Wu®, Yugqin Shao’, Jingyu Li', Bing Zhu'

' College of Life Sciences, * College of Environment and Resources, Inner Mongolia University, Huhhot 010021, China,

¥ Sino-US Center for Conservation, Energy and Sustainability Science in Inner Mongolia, Huhhot 010021, China

Abstract: [Objective] To investigate the structure of ammonia-oxidation microbial communities in the wetlands to dry-up
process at 99 degraded lakes of the Huitengxile grassland in the Inner Mongolia Plateau. [Methods] The microbial quantity
of ammonia-oxidizing archaea (AOA) and ammonia oxidizing bacteria (AOB) were examined by most probable number—
polymerase chain reaction (MPN-PCR) . The clone libraries of amoA were constructed and phylogenetics were analyzed.
With analysis of the soil properties, we evaluated the effects of wetlands degradation on ammonia-oxidation microbes
communities. [Results] In 75% of the samples, the quantity of AOB communities was higher than that of AOA; moreover,
quantity of bacterial were up to 18. 14old more abundant than Archaea’s. The AOB microbial quantity was strongly correlated
with NH, " N content in the soil. Phylogenetic analyses of the amoA gene fragments showed that most AOB sequences from
degraded wetlands were affiliated with Nitrosomonasike species and a few close to Nitrosospira. All AOA sequences
belonged to the kingdom Crenarchaeote. [Conclusion] Experimental results showed that quantity of ammonia-oxidation
microbes increased but community diversity declined during wetlands degradation , and oxidation conditions and ammonium
concentration in the soil might play important roles in the community structure of both the AOA and AOB.

Keywords: dry-up, MPN-PCR, Ammonia-oxidizing archaea, Ammonia-oxidizing bacteria, biodiversity
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