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(1 BRI R 2= IR S AR 2288, 1IE 200062 2. ABEZRIM S R4 1l 2 E K RSB0 &, BifF - 2000625 3. L
YR L, R 200231)

FEEE . IR RAIL O SRR Z U o 5 A7 7 DR AU 2 S A B LA R R A = L B Y TV 2 5 25 (B) 0 A R AL, LA SR
P Lo R B 3R 2 U0 S DNA AR, PCR 9 B DB R i o DR AR AL A R 551 16S TDNA B, it s i
T, R A 35 PR S S A R R P 31 43 4 58 1) GenBank AT AR 5148 2, IR F MEGAS 22 R4k B #.
SNSRI, FERET S CM-L-7 1 CM-L-18 50 kMK A A R Candidatus “ Scalindua sp. ” RIS 98% ,CM-L-13 5
Candidatus “ Scalindua wagneri” [f] Ji 1k 94% ,CM-M-6 5 Candidatus “ Kuenenia sp.” [R5 141k 94% , CM-M-22 Y Anaerobic
ammonium-oxidizing planctomycete JMK-1 [ [R] I35 95% ,CM-H-15 5 Candidatus “ Kuenenia stuttgartiensis”™ 1 [R) R 135 94% . %
BH SR ZR M P AR B DU TP I e R A E A (BT B R R AR IR LL Candidatus Scalindua ” R 3, WP 15
MIPELL Candidatus “ Kuenenia” 3. AL Z T, PP R A R EAL A RS 45 M3 B2 2. S8 Tele P 9 S5 B kR IR A 2 A AL T
FATERHEAL IR RS | 2 W 52 W AR e ] BRI AP 7E AL HA T TE IR A A AL IR A0 T

KA RAE AL S0 16S tDNA; PCR; B KILH
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Community Structure and Spatial Distribution of Anaerobic Ammonium
Oxidation Bacteria in the Sediments of Chongming Eastern Tidal Flat in

Summer

ZHENG Yan-ling' , HOU Li-jun®, LU Min', XIE Bing', LIU Min', LI Yong', ZHAO Hui’

(1. College of Resource and Environmental Science, East China Normal University, Shanghai 200062, China; 2. State Key Laboratory
of Estuarine and Coastal Research, East China Normal University, Shanghai 200062, China; 3. Research Center, Shanghai Botanical
Garden, Shanghai 200231, China)

Abstract: The objectives of this study were to identify whether there were Anaerobic Ammonium Oxidation( ANAMMOX) bacteria in
the surface sediments of Chongming eastern tidal flat in the Yangtze estuary and the feature of their community structure and spatial
distribution. Based on the total DNA extracted from the surface sediments of Chongming eastern tidal flat, ANAMMOX-specific 16S
rDNA fragments were amplified. PCR products were cloned and sequenced, and an ANAMMOX-specific 16S rDNA gene library was
established. Phylogenetic tree was constructed using MEGAS after the sequences were checked in the GenBank database. Phylogenetic
analysis indicated that the clone sequences CM-L-7 and CM-L-18 had 98% identities with ANAMMOX bacteria Candidatus * Scalindua
sp. *. CM-L-13 had 94% identities with Candidatus ‘ Scalindua wagneri’. CM-M-6 had 94% identities with Candidatus ‘ Kuenenia
sp. 7. CM-M-22 had 95% identities with Anaerobic ammonium-oxidizing planctomycete JMK-1. CM-H-15 had 94% identities with
Candidatus * Kuenenia stuttgartiensis’ . The results indicated that there were ANAMMOX bacteria in the surface sediments of
Chongming eastern tidal flat, but the ANAMMOX species were diverse in different tidal flats: Candidatus * Scalindua’ was the
predominant group in the low tidal flat, while Candidatus ‘ Kuenenia’ was the major population in the high tidal flat and the middle
tidal flat. In comparison with the high and low tidal flats, the community structure of ANAMMOX bacteria in the middle tidal flat was
the most complicated. A portion of the sequences related to uncultivated bacteria outside the known ANAMMOX cluster, probably
indicated that there were potential ANAMMOX bacteria in the sediments of Chongming eastern tidal flat.
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Wi EHEA: 2011-04-18; 11T HHA: 2011-06-02
E£WH: EHKALRPEELTH (41130525,41071135, 40971268 ) ; i s @ A HABI 55 9% L WAL & 00 H 5 5 720 28 PEAT L B T 25 2
T H (200905007 ) 5 T 11 52 2% [ 5 T a5 S0 56 % BRIk 45 28 %% 3 H (2010RCDWO7, 2010RCDWOL ) 3 1+ i 3% 4 11 H
(20090076110020)
VEZ RIS FBHIFS (1987 ~ ), 2o WIHWF5R AL, EBHFFT )7 10 A BT i A 42 , E-mail : yanling0325@ 163. com
* JHIHEBER A, E-mail ; ljhou@ sklec. ecnu. edu. cn



334 KIS A5 SEUIRMEE DRI DR

AR RS 25 M 15 23 (8] 70 A ik 993

K A & A AL ( anaerobic ammonium oxidation
ANAMMOX) 245 7E RS HF T, LL NO; /R AL
SR K NH EARRN, iR 20 it 90 4F
A7 22 Delft F AR K419 Mulder 55 ZE 4L Tl
PEoK I K HIFE WA 44 1 PRAEEE . R RAR
AR TS N AR 4R e T, DR A 2 S AR T B 7R W)
T T RO LA K ST AR AR ) | R PR
DX b, X SRR 45 4 ARG 3] 100 PR, PR AR
REANTERAR YR AR b G 2 R e Y
TERN AR E A AL sh & — IR R & Ak
WE T ME® RPN EERE
( Planctomycetes ) UHRTE B R A R AL A
5 4NE, B35 Candidatus “ Brocadia” , Candidatus
“Kuenenia” , Candidatus “ Scalindua ”, Candidatus

“ Anammoxoglobus” V) B Candidatus * Jettenia” "' .

AHPCETT &, B DR AR A B 9 32 B4 vh 7 il
X U R AR A T Y S AR R IR
H AL, TR T A R AE R T2 (R >
B F A2 AR R T ANAMMOX B (73, 5
SR FARFREE T ANAMMOX B I BEVRARTE. S WTAR
(S SRS ANEE Y 28 3y N2 = B & vk SR G S iU b
PR, AW Z KT AR TR AR VD VB FRER LU
KA G G, K R IR TR A

B T HUURY) OB B AR IR A = A AL TR T T
WA TSR M RE I fE A B E
ARG R FH 22 Rl 5% X 5 N (PCR) \DNA sefE
S DNA 555 5325 W2 R X 5% W AR e 5 2R 350
U DA R A AL TR IEAT T R, I BH 52 B AR WD
TR AR IR SR B AR T, I 0 SR Vi 45 ) i 25 ]
SR IEAT T WL 3.

1 RS

1.1 FRiRE

AHESE H a3 A BT H B DUER W AR & T 2010 4F
8 J1 43 MIAE A VT 1 5% WA Wk e 11 fE (121°56/37"E,
31°28'3"N) Hi#iME (121°57'1"E, 31°28'15"N) HIfik
TME(121°5728"E, 31°28"29"N) R (K 1), i
FESCRUURMIZRZE 0 ~ 5 om , & WIMELL B 20 91EAT 3
IRV SRR 2 m A2 BEMLHUS A
rn TR AT G 2 A KR A, - 20°C IR A7, LB
TELIR A, A RERE S A3 AR i CM-
H CM-M ,CM-L. =i oo e 4 LA A 0 s A s+
3=, TRIERE LA o 0 Sy 3 AR E IO AR R G ORL
Z D, JR S A, IR R 0. 1%
~0.3% ,pH{H 7.8 ~8.0"7 A5 HLIF 5 8 WA i3 v
3| R AT ST D A R A0
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Fig. 1 Map of sampling sites
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1.2 JUBW)E DNA $2H

DNA $EEUSCIGHT, S0 AL i BT 4°C T & i
k. >k F MOBIO 2y #] A= 7= ) Ultraclean soil DNA
Isolation Kits $2EX LA KL 5 &L DNA, B{A L S
FEF= U6 5. AR SCHGARER 1 g DR RR i (5K
43) 47 A DNA AYF2EC, $RHUP) &L DNA JE T 0. 7%
14 B B 5 s P K A T ARG . A/ VR 25 |, S5 v g
ANFERA 3 AT, 40 B IO DNA, 28k ) £ B
BINE NG Z IR AT B A DNA T - 20°C VAR IR TE.
1.3 PCR ¥4 16S rDNA

AT R HIR A 2 A AR 5 P51 4 PLA46rc
(5'-GGATTAGGCATGCAAGTC- 3')/Amx820R (5'-
AAAACCCCTCTACTTAGTGCCC-3") 22 3t it 1
FEMIEAT PCR ¥ 34, PCR S 1 75 36 [H Bio-Rad A=
() MJ Mini §" 344 _F3¥E4T, PCR [ AR RN 50 uL,
PCR JFW 41 84 : ANTP (10 mmol-L™")1 pL, 10 x
PCR buffer 5 pL ( AN & MgCl, ), MgCl, (25
mmol - L.™")3 pL, L7514 PLA461rc (10 wmol -L.7")2
pL, FHE51 9 Amx820R (10 pmol-L™")2 uL, fiHx
DNA 2 pL, Tag DNA Polymerase(5 U-uL ™" )1 L,
XZEKAN A 50 pL. 0 ¥ 95°C T AEPE 4 min,
94°CAM: 30 s, 56°CIE k 45 s, 72°C #Ef# 1 min, 25
AR, 72°C T FEfH 5 min' . PCR §" 36 45 538 i
1% (B B8 e P K A 7 R
1.4 JEFSCERES P A5

PCR ¥ 34 7= ¥ 2 B e 4l AL I, # 2 16S rDNA
SO SO, A 3 AN SCIEE 3 il BEAILFRE 25 A B 5
BEEA TN ( SE R AN T AR B3 A T AR TR
ARRAFSER) . 375 i 56 H DNAstar {4
EditSeq T REAR B g 0 A B, I 25 B W o 28447 51
SRJE HEAT kA R B KL I 5 25 BR (http//www.
bioinformatics-toolkit. org/Help/Topics/ chimera. html ).
FIAA OF 5 43 5l 2 32 3] GenBank 1 ) | Blast
(www. ncbi. nlm. nih. gov/BLAST/ ) #47 AH 4L 7 51 #%
R WA 50 AR 81 ClustalX ™ 9847 57 LL
XEAAT SR 5 MEGA 8k (RRAS 5. 03) M RSt A&
B, R B9 7715 A Neighbor-Joining , i#F 16 5 5%5 Ry
Kimura2 ff %}, Bootstrap Hi% € 8 1000. % H
DOTUR X685 A UM > 97% A4 2 51 VA1 Sy ] — 4>
PEAE /25 BT (operational taxonomy unit, OTU) [24] ,
HWHESOENESR(C) ™ BERARXN.

C=[1-n/N] x100%

K, C HE TR N ISR A RO B4 n
A OTU .

1.5 HlREERT

il 11f Banklt ( http://www. ncbi. nlm. nih. gov/
WebSub /7 tool = genbank ) ¢ A58 H T A58 5L v e
JPHI 4222 3] GenBank 4l 2 . 3 B )7 51 CM-L- 1
(CM-L-25) .CM-L-2 .CM-L-3 ,CM-L-4 .CM-L-6 .CM-
L-7(CM-L-18) ,CM-L-8 (CM-H-4 .CM-H-13) ,CM-L-
10 .CM-L-11(CM-L-21) ,CM-L-12 ,CM-L-13 ,CM-L-
14 .CM-L-15,CM-L- 16 ,CM-L-19 ,CM-L-20, CM-L-
22 CM-L-23 .CM-L-26 ,CM-M-1,CM-M-2 CM-M-3 |
CM-M-4 .CM-M-5(CM-M-16 .CM-M-17 .CM-M-18) |
CM-M-6( CM-H-15) ,CM-M-7 ,CM-M-8( CM-M-10)
CM-M-9 CM-M-11 ,CM-M-12 .CM-M-13 ,CM-M-14
CM-M-15,CM-M- 19 (CM-M-20) ,CM-M-21 CM-M-
22 CM-H-1(CM-H-9 .CM-H-11) ,CM-H-2 ,CM-H-3 |
CM-H-5,CM-H-6 ,CM-H-7,CM-H-8 (CM-H-12)
CM-H-10,CM-H- 14 )% 3 5 KK N JNO10121 ~
JNO10165. 455 H1 245 iy i 7 51 AR [+ ) P 51,

2 HRES

2.1 & DNA $EHU PCR ¥4

H T OO RE Sl A 22 o 2 2%, BE A5 i )4
BUH bR DNA Fr B DA K AR BRUSCR 10 e I 52 ) J5
ZE PCR e BE 43T, A 3 AN TR IR iy o SR A
DNA it 0. 7% P35 B WHEE I L VKA 30, 14775 1) B
BT B EEZ) 21 kb A4, BT REREK
A BCR U Y A DNA LA, 5540, IR 2 Fhufig

M: A-Hind I digest DNA marker; 1: CM-H; 2:CM-M;
3: CM-L; & DNA K220 21 kb
2 2 DNA HIZRAE#E SR B ik B i

Fig. 2 Total DNA extracted from sediment samples
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At BARAH BT FN VR HC G I N W I % 5 I
(1) PCR #3852 AN K. 43 5 B 2 L $2 B 53 B R
M CM-H ,CM-M ,CM-L £ JZ U4 & DNA 1F A5
M, #E47T PCR 9744, 1945 5124 800 bp W5 —H W A
B(#3) P U R AT

M. Marker DL 2000; 1:%5 X 2. CM-H; 3. CM-M;
4: CM-L; HAr v BE K242 800 bp
B 3 PCR ¥ EREIRNLEHR 16S rDNA IR A5 HE LR BB ik B i
Fig. 3 PCR amplification of ANAMMOX bacteria 16S rDNA

2.2 RESURERRGL T I

i AR MR R S AR E 15, 22 22
MERCE T A, s BT FIK N 778 ~ 836 bp A
%, 5HMFEEIYT Candidatus “ Anammoxoglobus” .
Candidatus “ Brocadia anammoxidans” . Candidatus
“Kuenenia stuttgartiensis” 5 IR %8, 2 %A AL ) 829 |
834, 827 bp ZHAK.

4 CM-H ,CM-M ,CM-L # 5 5 BEAT 2 9 A 3507
FIMRURHEAT Blast K538, 45 31 224 [R] PP 4 v 1 4 A7
168 rDNA i Bt K i Fe 51 A 81 ] Clustal X i#E
IR AN X, 88 )5 H MEGA #R UM R 58 Kk & W
B e ANTE R GE R B M B R AY 2 SR 32,
Horp— 3O B R BUR & S AR B i AT s
BIEIR A A AN (K 4) , 75— HEEBRE
AR LI AL R TR a R (K5).

OIPTAESR (£ 1) R W, CM-H FE 21 15 D R0
BERFH1 530 10 A OTU , B =% N 33.3% , yebEfF 4
CM-H-2 CM-H-15 5 E A1 ANAMMOX [ £ # fb )
R —BE(Cluster A) , (5% SR R vk B
13.3%, 3 ' CM-H-15 5 B 1 ANAMMOX [

Candidatus * Kuenenia stuttgartiensis " ) [A) i 4 &
94% ,Bootstrap K (5 FE ik 100% . 754 5 S vifE
FETESEAL A U A5 B ANAMMOX T B 5 it
TS AE ANAMMOX [ ( Cluster B) , o FOfE S 2L
1 33. 3% , HoAx 8 ek ¥ 415 L0 ANAMMOX T
BRI  ERGR AW I ATFRIR 2 3.

CM-M FE x5 22 ANSERERP81150 0 15 A4~ OTU, B
N 31. 8% , FLFEIF 5] CM-M-6 . CM-M-9 . CM-M-22
H5E F ANAMMOX B 75 #F 1k # E Ry —
(Cluster A) , 5 B2 SCFEA R TORE BELHY 13. 6% . H:
i clone CM-M-6 Y5 Candidatus “ Kuenenia sp.” [F] i
P35 94% |, Bootstrap K I H 15 & ik 100% , clone CM-
M- 22 5 Anaerobic ammonium-oxidizing Planctomycete
JMK-1 ( AB281488 ) 1 [F] ¥ £ ik 95% , {5 &
99% . 11 A~ 5 [ Jy 1) 15 2t A B 1 5 B 2
ANAMMOX B 3T B9 7 72 ANAMMOX | 58— B
(Cluster B) , ! 2| 5e B S 50. 0% . HAx 8 4751
HE A ANAMMOX R FEALIE B 40T, 15 R 5k
IELL R EVNER 2N

CM-L #5322 A SBERF 5153 0 16 4> OTU, B 5
#H27.3% , 5eE)F 5] CM-L-7 .CM-L-13 .CM-L-16
CM-L-18 5225 ANAMMOX T 76 BEfL At b 5 —
HE(Cluster A) , (5 1% 3CEA BT HE BAHY 18.2% .
H i CM-L-7 LI F CM-L-18 5 Candidatus “Scalindua
sp. 7 [A] Ui M X 98%, CM-L-13 5 Candidatus
“Scalindua wagneri” [F] JEVEIK 94% . H Bootstrap Xf
MR IR HEAT 38, T UL L B3 SR B AR >
92% . CM-L-6 ,CM-L- 14 ,CM-L-15 7E#t LB 0 A
SE T ANAMMOX B B 8 f 3 ) 7E ANAMMOX
B (Cluster B) , 5 Hi AR S & S ALBETE 43 2 1Y
Uncultured planctomycete clone Anam-22( DQ664529 )
SRR . KA 1S MBS S B
ANAMMOX [ B0 , 75 R 58 % B W 5 7 F IR
R —HE.

3 g

AWFFE TR FH Y Plad6re 277 55 25 40 T8 1045 &
514, Amx820 &R A& FALHE AR5 E K
HMIFFE R X —5 [V R AR 2 SR A T 1 e 57 5 |
Y, 29 15 800 bp ZEAT A% , I 40 BLUE BH J2& IR
A AL Y N PCR § 45 KB, CM-H
CM-M ,CM-L £ ZUTF Y4155 2 800 bp Y —H
() F B, X025 E B A BIF 5 5% B 2R ik 32 J2 DT AR
HAETE IR A 2 SE AL TR
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Anacrobic ammonium oxidizing planctomycete KOLL2a(AJ250882)
Candidatus Kuenenia stuttgartiensis AF375995)
Candidatus Kuenenia sp.(HMT769654)
Uncultured anoxic sludge bacterium KU2(ABO054007)
cloneCM-H-15(JN010145)
100! cloneCM-M-6(JNO10145)
— Anaerobic ammonium oxidizing planctomycete IMK-1(AB281488)

99— cloneCM-M-22(JN010156)
Candid, ia asiatica(DQ301513)

Tt
C A woglobus pr icus(DQ31760)

100

o) :
7L

99

85

il

Candidatus Brocadia filgida(EU478693)

73
ECand.-‘dams Brocadia sp.(HM769653)
ncultured anoxic sludge bacterium KU1(ABO054006)

92 [ U
100 C Brocadia oxidans(AF375994)

100, cloneCM-L-7(JNO10126)

l cloneCM-L-18(JNO10126)

57 Anaerobic ammonium oxidizing planctomycete IMK-2(AB281489)

i

97

Candidatus Scalindua wagneri{ EU478692)
Uncultured Candidatus Scalindua sp.(FM992881)

92 cloneCM-L-13(JNO10131)
cloneCM-H-2(JNO10158)
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Fig. 4 Branch of ANAMMOX bacteria of phylogenetic tree according to 16S rDNA gene sequences
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CM-M 22 15 31.8 3 13.6 Candidatus “ Kuenenia” 11 50.0
CM-L 22 16 27.3 4 18.2 Candidatus * Scalindua” 3 13.6
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cloneCM-L-4(INO10124)
00 \_{ cloneCM-L-1(JNO10121)
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Fig. 5 The Planctomycetes branch of phylogenetic tree according to 16S tDNA gene sequences
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