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HE . R A AL (anaerobic ammonium oxidation , anammox ) J&H1 anammox B 7E B4 SN DL ML T LUV RS BR by il T 32
IR A=W BUNE , SN T R R O R IR R IR AR TEAIGIR T HAE . £5 anammox S MY A4 /& anammox T4,
anammox B & — 4 TARRAF RS, HATE Z B anammox HA 5 T8 8 M, 1L anammox B A &= —HR5K 1 21 i 2%
- PR A R R LAY anammox P ARAFAEIZARIR LS 14 . A OC anammox 2N YA AL HLEE H HTE 1A, NO FIHE 2
(N,H,) /& anammox JZ i EZ 1[I {A , NO W]l NH; HHE: A4k, JE M N, H, N, H, £ B U8 AL B 9 1 F T s L5k o /A
Anammox BT AT IRARSG, E LAY 8 FF anammox B 7 Fok H T AT RS, (HMRHE L A UESE R B, anammox B )
2T HARFREEE WK A S RGE D XA REATEEAFBRENEM, #mEREBRSE T anammox X
WL FEEEIREE R T4 AL 7 NO; WAL B 5% (HIEARR A RS, anammox [ 1Y 00 AT AATE R 825 57
ZEIRT anammox W AYZSHERIA AL S AL ) 45 T anammox BAEAFN ASRAERRE T WM SEBLZHME LR T anammox
SN TE R ERIGFR rp 0 FE M L) K e i AR AR ) B A 1

KR RAAEEAR s HRAESRG AL A 2 STl R SR R 7

Anaerobic ammonium oxidation in natural ecosystems

SHEN Lidong, ZHENG Ping, HU Baolan "
Department of Environmental Engineering, Zhejiang University, Hangzhou 310058 , China

Abstract; Anaerobic ammonium oxidation (anammox ) , a reaction oxidizing ammonium to dinitrogen gas with nitrite as the
electron acceptor under anoxic conditions, is one of the most recent discoveries in the biogeochemical nitrogen cycle. The
anammox reaction is mediated by anammox bacteria, a deep-branching monophyletic group of bacteria within the phylum
Planctomycetes. Presently, five genera and eight species of anammox bacteria have been identified, including Candidatus
‘Brocadia’ (C. ‘Brocadia anammoxidans’ and ° Brocadia fulgida’ ), C. ‘Kuenenia stuttgartiensis’ , C. °Scalindua’
(C. ‘Scalindua brodae’ , *Scalindua wagneri’ and ‘Scalindua sorokinii’ ), C. ‘ Anammoxoglobus propionicus’ and C.
¢ Jettenia asiatica’. The anammox reaction takes place inside the anammoxosome, an intracytoplasmic compartment
bounded by a single ladderane lipid-containing membrane. This unique cell structure has been found in all identified
anammox bacteria. Although, there is no agreement on the biochemical mechanism of the anammox reaction, nitric oxide
(NO) and hydrazine (N, H,) are recognized as important intermediates in the anammox reaction. The NO can oxidize
ammoniumto N, H,, and the N, H, generated can be oxidized to dinitrogen gas by a hydrazine-oxidizing enzyme. The
anammox process was first observed in a wastewater nitrogen-removal system, and seven of the eight anammox species were
found in different wastewater treatment systems. Subsequently, many studies have reported the ubiquitous distribution of
anammox bacteria in a variety of natural ecosystems, including anoxic marine sediments and water columns, marine oxygen-

minimum zones, estuarine sediments, freshwater sediments and soil ecosystems. Anammox bacteria and their activities were
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also detected in several special ecosystems, such as high-temperature and low-temperature ecosystems. All available
evidence indicates that the anammox process is critically important in natural ecosystems, and particularly in marine
environments. In anoxic marine sediments and water columns, the anammox bacteria can account for 20% —79% and
20% —50% of total dinitrogen gas production, respectively. Anammox bacteria are also mainly responsible for nitrogen loss
in the marine oxygen-minimum zones that are the most productive regions of the world’s oceans. Anammox activities have
been detected in freshwater and soil ecosystems but the specific contribution of anammox to the nitrogen cycle is poorly
known and needs further investigation. Although anammox bacteria are broadly distributed in a variety of natural
ecosystems, the overall diversity of anammox bacteria is low. The anammox bacteria detected in most marine and freshwater
ecosystems are all affiliated with the genera C. Scalindua’ or ° Brocadia’. Recently, different anammox bacterial
communities composed of C. ‘Brocadia’, ‘Kuenenia’, ‘Scalindua’ and *Jettenia’ species were found simultaneously in
some estuarine and soil ecosystems, which expanded knowledge of the diversity of anammox bacteria in natural ecosystems.
The different levels of anammox bacterial diversity and contribution of anammox to the nitrogen cycle observed in different
natural ecosystems indicate that the anammox process is influenced by local environmental conditions. The organic content,
availability of water column NO; or NO; , salinity and temperature are regarded as the most important environmental factors
influencing the anammox process in different natural ecosystems. This review summarizes the classification, biochemical
mechanism, distribution and diversity of anammox bacteria in natural ecosystems, the importance of anammox in the global

nitrogen cycle and the main factors influencing the anammox process in natural habitats.

Key Words: anaerobic ammonium oxidation; natural ecosystems; biochemical mechanism; diversity; contribution rate;

environmental factor

KL , AT 3k DA A SR AR 25 Bk SRR B R AL ME— AR i 4220 140 90 4R & LAY IR
AAAA AT T X — G E, KA RERIGIE THNNE, 25 anammox N I 2E ) &
anammox [ , HAEALZ (NH; ) FLEAHER (NO; ) I AR (N, ) o Anammox J L 7E —H# 5K 14 21 it 45 #4) - IR 48
FAAIRAHETT . Anammox 1SR NF

NH? +1. 32NO0; +0. 066HCO: +0. 13H*—1. 02N, +0. 26NO; +0. 066 CH, 0, ;N, s +2. 03H,0

WZHRAESRG T, i TR L8 U (BRAL SCAHLED) A R, 58 &4 NH; E AL NO;
5, NOZ B J58 NO; Y HL , & anammox T 1Y RAFAESE . S TR 2= HoR By P & J i iiF o A AR AE S &
G anammox FHARME T HEA J1 A LM T BE, & HRTAFSE anammox WAE S FAFMERY R T AP X864y
A W2 T B ARG A EEE 28 SN ( polymerase chain reaction, PCR) AR P46 B B8 % HE UK ( denaturing gradient
gel electrophoresis, DGGE ) FI 5 G {37 2432 ( fluorescence in situ hybridization, FISH) 2% | Y244 IFF9T %
FHX 265 FAE )2 ik CAE R TR A AR E S R GE PRI T SRR (Y anammox B 570 [R) A R 2 F
FTHRESRG T anammox 15 TER EZE T B s BRI LI anammox 76 AN [R] A 2% 22 50 H 4 106 4 5 s ﬂzm/ﬁjf
IR AIEFR R A ME Y o B B AN 6 [l 28 160 5 7 i A5 T ASTR] i A DL — Il s s, % F Y
Jr Rl N FRIC RIS NH, AR ARICHY NO3 (NO3) 30 N FRic B9° NO; (P NO3) FRARICH) NHE #E4T
anammox F & P, AN, 7P~ F 8 anammox BYHCR  IFE IS AN, i N, B7 i (RPN, JM N, 2
I S A A TS B LUAESREPFAN anammox 7R3 — B BB AR MEA DRI STk, SUbRIeS, ARAES R
anammox SN 5 G RF 1AR LB VIR OC . B AFHE T fi% anammox S0 5 2R A FRE [H] A9 G &, i AR R 2R
BRGRARIEI R E N DRI FXF anammox [ Y5200 £ 52 3 OB 2 195G . BFFR R, A HL
i NO; B R R AR A BE R TR e AR AE S R G anammox N B R S50
1 Anammox B R HEEW R H1E
1.1  Anammox [ HJ2EHE

FNHHAT R IE, BB 15 3] anammox ZEE5 TR MR, I FAEY FH A, B L% E F 8 > anammox
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i, i1 5E T 5 & . Candidatus Brocadia ( Candidatus Brocadia anammoxidans'?’ , Candidatus Brocadia
fulgida'"") ; Candidatus Kuenenia ( Candidaius Kuenenia stutigartiensis'?') ; Candidatus Scalindua ( Candidatus

Scalindua  brodae'™ | Candidatus ~Scalindua wagneri'"™’

, Candidatus Scalindua  sorokinii"™ ) ; Candidatus
Anammoxoglobus propionicus™*' 1 Candidatus Jettenia asiatica™ . [ 1 N anammox B HYJ 16S tfRNA ZA K H
WU RGBT R, X L8 anammox B BT JE T 17 B B 1] ( phylum Planctomycetales ) , 37 #4 1 T
anammox & F}( Anammoxaceae) , B A 1% G 0] A9 AL IR 25 3508 , o Brocadia J& 5 Scalindua J& B 16S rRNA Jt
KISE34 2 85% sl el JafE . L FiX 28 anammox & Candidatus Scalindua sorokinii Z¥FTT 1204 T H

RAES RS, HAY anammox WA M T AT HESRS,

Candidatus Scalindua wagneri Candidatus

Kuenenia stuttgartiensis

Candidatus
Anammoxoglobus propionicus

Candidatus Scalindua sorokinii
Candidatus Scalindua brodae

Candidatus
Jettenia asiatica

Isosphaera Candidatus Brocadia fulgida

Pp- Candidatus

Brocadia anammoxidans

Pirdlulaspp. £ >

4

Outgroup

0.1
Planctomyces spp.

E 1 Anammox B M REZ K FH
Fig.1 Polygenetic tree of anammox bacteria! '’
Candidatus Brocadia anammoxidans: 15 5& KA & A A % K H7) ; Candidatus Brocadia fulgida: 755564 % K M A ] ; Candidatus
Kuenenia stuttgartiensis; 14 & {7 B4R % [ 7 ; Candidatus Scalindua brodae; T#5E A5 B K Rkt 1" ; Candidatus Scalindua wagneri ;
i s BB L 7 5 Candidatus Scalindua sorokinii: £55¢ BMEBBRLEH 1) ; Candidatus Anammoxoglobus propionicus : 455 PB4
AALERE ) 5 Candidatus Jettenia asiatica: 15 5 WIN A4 R HE U] Isosphaera: 5 ER )& ; Gemmata . 1 % & ; Pirellula . /AU B )& ;
Planctomyces ; 777 R )&

1.2 Anammox & B9 10 52 B HLEE

TE anammox K N FETE — B — W40 T 2 i IR A & A ALK, & 40 g S AR FRL ) 50% —80% |, B &
anammox & 17 anammox N 13T, S 5 BERE JT A A0 2% . A7 ¢ anammox S A AE AL AL H FiT 6 TA
N0, HARTESAAMER o FMAIM AR d1 AERERRIE EREHE T #00 NO, B7EBR UK i E T T
NO 4 NH: ELBESUIL, JE ISR (N H, ) 2R AE S LR T P TR N, HL LA N, , 7E L, NO T N, H, J2
anammox J NV [ B H [B] =8 7E anammox W R E EEIEM . N H, AL N, i B &Rk 4 A~ 1,
I A AR ¢ ZE AR be, A HABANNL (R o 1516 25 A R I i B A0 20K fif il . TEHL T
it B op Rl 5 RS R SR R SN, ZE IS W 10T 786 B2, FI T 9K 8h ATP Fl NADPH, i) & i "™
E anammox FYFRHH LR 1 NH Al NO; MIHFELL Sz NOS 2B B EE A 101, 32:0. 26, Horb NOS A4 U 7=
AL FEE €O,
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2 Anammox HEARBAESREZPFH OB ESSHEREEEA

Anammox B IR BRAIET T AN TAS RS, MG HORZ (9058 & P anammox I 7EFZ AHRAES R
Gth )z or A JT A EEAEH]
2.1 BHASRS
2.1.1 FEIURY)

TR TURR) AL T R SRS A LT o0 il 23 B AL 72 ) NH , OB AR R g S U B A R 25 7 A= b ] 72 )
NO; , 4 anammox FERML T A R AFEM ., B 2 Bn TIEFETRY h ARG AT L ik
R

FATC A R B 58 & 8 1 R IO

anammox [ 1 734 . Thamdrup 1 Dalsgaardm FI SN / i
e A 38 78 3 0 AR P 22 T g DUAR W P A D oy 17

anammox 1 PE, IESE T RIRA S R G H A LE anammox [
B B BIFFEE TEVE 22 A8 1) H s T e AR ) vh IR A “

|~ ]
T anammox S22l FORTEI AP anammox \
7

4,9

8
RIBFASRBEIA Tt 5 ) A5, A6 85 g 1 "
GIATAT — i anammox B 536 PR o A 7 9 [Pon Je== oo |——[ ]
anammox & FVHERON B —  JEACTE T BAT BRI ER RE )
{1 Scalindua J&, Dale 25 (BT 45 SL 5 % 0, 16 TF % B2 BERRYPRELAYNEERRRELLEP
JE/RIT I ( Cape Fear River Estuary ) anammox 18 59475 Fig. 2  General view of the complex web of reactions
S T MR Z YR, v A B R U B Brocadia,
Kuenenia, Jettenia 1 Scalindua P97 J& B anammox . PON; BRI HLAEL, DON; AR HEA LA 1—6 4350 P VLA
Amano 27 FEFE N T ( Yodo Estuary ) ARKGH T 2R aimmsbtinte. 1. WRATHURIANM 2. BUEWIRHE AT
anammox 4 MY 3 f¢, €1 & Brocadia, Kuenenia 1 PURMFEMLBNT 3. &l 4. 4F5m1L,5: RW1L,6. ALK
Scalindua J& {4 anammox . Pl 11 3R 55 b £ Fil e/ WAERA IR, 7. WUEWEEMEM L8 anammox,9. HIRAE L
anammox FFEEHY SN2 i T 0 R R a7 T
RIEL RIS G O B X B2 — | Al E S AN
[A)Ff 2 anammox A A7 BT IR B, BL AL, Brocadia, Kuenenia F1 Jettenia J& 7 10] 1 UUF Y v 0 43 A 2 B, %
Scalindua J&W) anammox [# , Fo & F0 & A anammox Bt E 28— & W EHEE 771 .

WFFEUESL , anammox B 7R FEUTURW) 1) A E G il 5 B EAE ], otk miak 50% DL -1 SR, R
[F LT Y B EPEER P anammox [ TRk R 22 R 3K VB FN 0—67% 159.23:26] WHoE &I, 7E P22 iz 7 1
A&7 78 M2 ( Skagerrak ) #6710 21 ) anammox [N 7E 1276 Ik 260 2% A8 28 A8 DTk R =ik 67 % |, #E T AR AR
FAY) . Engstrom %50 ZE4E B 75 ( Washington Bay ) A H T 45 5 3 M A9 anammox SR, HiAE 12 X $8 R Z 1
B TR TE 40% —42% , 5 R AL R A 24 . Anammox 7E 55863 VTR A G ER T B STk R A1 4R
e , 40 Amano %[7] TETE ) O LAY A A5 1 anammox S W 7E I DT A A R A6 26 b 19 o ik SR A
0.9%—1.6% , ) EAAE S8 T F M0, & 8 anammox TEARIEHUIITAY A Z /AP kR E TR
R Z AR R G TG 2B N F AR, Trimmer 5% % BUA AL & 25 W I 2E DTEU T anammox
SN R 2R Bl 5 2205 13 [ ( Thames Estuary ) YO TP A HLB & & A9 T 5, anammox 78 X & E G
FITTRRSEMN 1% 39 2 8% , FEZEH M 5 K ] BB 7RIS S Bl N, BEE DU rhA DL & = i T, SO 4k
TEPERG R, SO At BB A )74 NO, SR Z 3 /0, 24 anammox FEHEAE 778 9 RN FE T, SR A
WS, B2 HUT 2 LGB anammon 76 BB IRFRA 0 TR B2 AR L i U 2% B
PRI BEIR T A LAY A AL & B RN R] . ZE S A AL & PR T, SO AL T6 S AN g o, Bl i

transforming nitrogen compounds of a wide range of forms and

oxidation states in marine sediment!??]
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B9 NO, 1 AN Wit £ | anammox S N 3if P B B =22 42 7, 1H S Al Ak 0 4 38 i B9 5 B L B anammox K, B
anammox TETUERMI ARG 19 STk B A I REAIR

TR K PR NO; e S I PE TR anammox SR 1) X —BREIMER F . Risgaard-Petersen %5 ) Lt
BT PYAZ VM T X S P A AN [R] 57 50 Y anammox 1 P 22 5, R BLTE NO; Wk BE B A7 0w 1Y == 18 30 ok
(Randers Fjord) anammox {58 5 , 76 NO; W FEARM AU 0 17 ( Norsminde Fjord ) anammox 1 PE TG4
Kt sE R PR H T NO; e RS AL FE AR 1Y anammox [ 3 BT NO, B EfH#Z  #]F anammox JZ
NEEYHEST . Rich %5 YE 28X 5% He 5T3%5 ( Chesapeake Bay ) TR anammox 6 P R /NHE A& B, NOS W EE 5
anammox i P M AR XS A 2 A6 20 A TR 38 2 R AR IEAH G

b B A S S R I DT anammox TS PEY R EIAEE R T2 —, Dale 87 %8 T I AR /R 11 3 AR
[R5 1Y anammox VG PEZE S, A FREL BE K HAR AVER BEXT anammox B BTG P2 i i 2, 2% 5 anammox 7F
IR RGP Y DTk AR 2 B WA OC . 3 Bk et SR Jirt PR AT B A S A T 0 T o 5 8 R URR G 1
SR BE BRI, 1T anammox PRR B BAT R AGIE N RE ST o AN EREEXTUURRY il B NH; B A AR B
SRR B £ RGN W NHY B9k B2 EE I, MR 7R A AT BB 21 98 anammox 1P, H HHISCT
ERFEXT anammox i PRS2 A ELE ML M R BRA B Rt — AR
2.1.2 FFERIE

VK AR IR SR X R T S R G 1 A B A R, R A T T v 35% L i N, 7= T g
FEW anammox FE 7E X SEIC A X A S B TG B, B anammox SR BT ELR RO 5 TR KRR X N, 7= AR Y
10%—100% ***'"  anammox TEMFFE/K A AR MEIRFINE S EEEN . ST & I anammox
KA, KR P AEAE R anammox [ IRIEARJE T Scalindua J& , RA 16187 JE 5K 8 ( Lake Rassnitzer ) 7K 44 1 %
LT Brocadia J& anammox B 1434 %) . Kuypers 2% % B, anammox W 7EASKEFL#E ( Benguela ) {R 48 X A &
PEFRAR 54 T e X i S AR P IC I A . Thamdrup 255" 78 85 1 rb 3l Bt v IR AU X P R R
W T anammox 157k, Ward 251 i BF 9T 21 2 HA ,FEFT R AT ( Arabian Sea) FILAA X W, e igfbiG PERE L T
anammox P | anammox 7E ML X A Z G AU STHR R /N T 13% . 1] UL, anammox 7E A [R) TE 380K AR IR 41X
RGOS AN FRERE VR, T b 22 53 32 B T AR [ A K AR AR AL X I R BE 450k . Lam 267 1
5K, BB (Peruvian ) KRR X H 67% ¥ NO; I8 T NO; AYIRJR ,33% JiF NH; %4k, T, NO; #
JE X TR KR Y anammox SN BASIE R BB Ward 2518 ITA W] G HILJR 55 502 5 0 B 747 T K AR
X H anammox FHS A AR I YA X 5 55 %) B B R B A -, LR R BT R AR T K AR NOS ) B A HLJS -
B RO SO AT Sh g BRI . ATHLBT S R AR, RS AL TE S, o Az g rh e ) NOS
FANIE D 4R T 52 anammox WY,
2.2 WKESRSG

Anammox FEHEFEMEE A2 04, B HTA ) anammox B 7E IR 7K A 25 2 G0 o0 A O AF 98 4138 H1 91 A
%, Schubert 25" AIE B T R SRR K A2 A5 R 58 ST JE % ) ( Lake Tanganyika) ' anammox B 1) 43 7
anammox B Y K IE 1 10 nmol N,/h, FEIX X ARG B STRR 3R 13% , 36 M -5 STk R (0 5 K el il
HEAEBE R & AR K anammox K2 AR FE I AR # (6  Schubert 25T IR Sk i FE J A1 (1 HH 1ES 2 3 1R AK K fk rp
anammox T PR B I — D EEZEASE K -, $EE JE R b A B B AR, BRI L AR ) anammox TR HLAT
B n T . e Ab, Penton | Zhang AL ST TR R A A ( Lake Wintergreen ) F1 YL 75 5 Ut 1]
(Xinyi River) RAKVTAY P K 2] T anammox 1 Y 43 1 . Zhang %[34: I X 85T U IR K DUER ) v )
anammox 3T T B EWS, £ 25d By 595 )5, anammox BYVE M & T HARA S ZR 4 anammox & 1Y
JEANETEYE . Y S HEIR KBS R G AN 2] ) anammox B PR Z R KEBAR, A Scalindua J&JEZ | R A TE#T
TGO h 2] T Candidatus Brocadia anammoxidans H43 AP

SR, BHTA OC anammox HTERIRIRK S RGP Y7040 FREZAEMKCF DL RIEIROK R AR
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EFR (0 T R 3 i AN T, L FE B A 52 0 DR~ AN B, SRy I 2 5 T 2 IR 38 TE T R 2 B R AR IROK A5G
)R anammox FOBFSY , #87~ anammox B 7EIR K2 25 R G0 H A= 520 ek M EBAEF
2.3 [liAERS

Fli b A= 25 FR G2 sk T B AT o0, 29 R ST ARG 173 ARG O B A . N 2E3E 3l AR i R
ARG YY) (JUIHAE NO3 ) P b & 2 HE s 38 i b 2 25 R 456, DRI i b 2 285 R 498 v 100 it S 4 DXl g
Rl A #E NH F1 NO; ,J& &4 anammox JZ R [ R 4742 55, Humbert %570 15 7R AN [ Bl b AR 25 R 4 (46
2T n LB B K2 R AR ) A T R TR AR anammox T, R 2 AE PR BE A4
Candidatus Kuenenia stuttgartiensis, Candidatus Brocadia fulgida, Candidatus Scalindua wagneri 1 Candidatus
Jettenia asiatica, Humbert 25T KB IEARTE T A 38 AL 5 AP #AFAE anammox 1 , 1] HAE 13 (19— & IR
JEIEBINAA anammox I Y534 , Humbert AT K AR + 2 IR R 7 ( a3 B KGR TR
%‘%i/ﬁ\i%)&%T anammox H FIAEAE 5145 DA K anammox FE BOFPEE S5 4 Fl 2 A8 1K . Zhu %[36] TEPEG L
AETRIK AL AE 2SR G AN T anammox 18 BIAAAE ,, EE N Brocadia J& Y anammox [, 1T H A di D
F53 B 2 BH i 2L i b AR AR R S8 anammox BEAT anammox 1P, PR C anammox TR £ il b AE 25 R 48
rh R B E T K e PR R B A itk — 2T
2.4 HEEERS

BRLA b 3 SRS anammox WA T H B AR A B RGP, Byme 5577 FEIRE 535 60—85C
B R PG FH (Mid Atlantic Ridge ) GRIEEFHGE ALK E] T Scalindua J& 1) anammox B, I IESE HHA anammox
itk Jaeschke 55" R IAEWRE N 65 °C AR L AFFE anammox B 1 R5 54 BB Be BB AR , & 5 0. 3—52
ng/g,16S rRNA R 4t & & 4 ¥ 2 W, i R " f£ £ Candidatus Brocadia fulgida, Candidatus Brocadia
anammoxidans 1 Candidatus Kuenenia stuttgartiensis W75, 5 AW A MIE T anammox B 7] 7EMILIR A
RGP AAE, Schmid %5 & PR IR R 2= 0°C 14K B2 2%} ( Greenland Sea) P IITRHE ( Disko Bay ) W vk 147
HEHA TR Scalindua J& T anammox T#, XELFFIR ARG anammox T 1Y & X T & 4 i 15 T 11 A%
IR anammox B B FRPE IR R AL T AT 5 lﬂﬁﬁl‘, Hoffmann %[39] STEWFFE R AR AR N Z BT anammox B Y 155
W KNS T Candidatus Scalindua sorokinii 1 Candidatus Scalindua brodae , JFiFESE T 1X 28 anammox B JR A
anammox 751, Mohamed 25" th 78 1 4K N & LA anammox B8 [ 431 , 1% 7€ 7P A 0 £ ) anammox 1 5
Candidatus Brocadia fulgida HEILH R R, ISR RS anammox B 1Y 4347 2 1 ,anammox [ Ji
TEMETE OK R AE S RGN I E R SR IR A B R G AR TG Pl AR,
3 MIRRE

Anammox AMYUTENTREE, M HAE AR SR G (OJUHZR RS R G ) MO =2 6, HAe 4
BRARNEA P ERAEZA, HEKITS , RN ARA SRS anammox FIATUEABHRA A
WL TR S — AT ST . (1) X HARAE S RGP anammox FIHEAT & AR IGFR , A5 H alidh 57, X i W H AR
AL EA 0 X (2) AR T AR PR 58 P X anammox [ A8 5% 00 22 S 58K, AN [R) A 28 R Ge v 52
anammox S [ R ERGE R FIRA A, R RIF ST # 7E H AR FREE T WF5E anammox OB, 5 42 T 5 284 8 R g8
AT A BREE A 1, 455 B — T A A TR A BT HL 2 G 800 5 (3) H BT & BRAY anammox [ AR AR THE TR 55
AR, AN g & B 22 HAlRD 2R A9 40 1 2 AT anammox fE ), K R RY™ K anammox T8 AT FEIE L, B AR HIAY 1A%
anammox P& A ACIRRE 5 (4) anammox RZEIEAER R ) 12 040, (H sk BRI F T &, anammox B 7E 2 EK
19534 B A A G I 1 TTBR G A W0, an Rt B AT 9 B0 B 2 IR K A 8 R G Bl A= 28 R 48 DL S H:
ERARE S R G T T RIITSE K AR T f# anammox TE IR AR AYE ZAEH]

References:
[ 1] Francis C A, Beman ] M, Kuypers M M M. New processes and players in the nitrogen cycle; the microbial ecology of anaerobic and archaeal

http ; //www. ecologica. cn



15 1 WAER 4 ARESREEPTHRER AL 4453

[2]

[3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

ammonia oxidation. The ISEM Journal, 2007, 1(1) . 19-27.

Strous M, Fuerst J] A, Kramer E H M, Logemann S, Muyzer G, van de Pas-Schoonen K T, Webb R I, Kuenen J G, Jetten M S M. Missing
lithotroph identified as new planctomycete. Nature, 1999, 400(6743) . 446-449.

Dale O R, Tobias C R, Song B. Biogeographical distribution of diverse anaerobic ammonium oxidizing (anammox) bacteria in Cape Fear River
Estuary. Environmental Microbiology, 2009, 11(5) : 1194-1207.

Kartal B, Rattray J, van Niftrik L A, van de Vossenberg J, Schmid M C, Webb R I, Schouten S, Fuerst J] A, Damsté | S, Jetten M S M, Strous
M. Candidatus *“ Anammoxoglobus propionicus” a new propionate oxidizing species of anaerobic ammonium oxidizing bacteria. Systematic and
Applied Microbiology, 2007, 30(1) : 39-49.

Schmid M C, Risgaard-Petersen N, van de Vossenberg J, Kuypers M M M, Lavik G, Petersen J, Hulth S, Thamdrup B, Canfield D, Dalsgaard
T, Rysgaard S, Sejr M K, Strous M, Op den Camp H J] M, Jetten M S M. Anaerobic ammonium-oxidizing bacteria in marine environments
widespread occurrence but low diversity. Environmental Microbiology, 2007, 9(6) ; 1476-1484.

Trimmer M, Nicholls J C, Deflandre B. Anaerobic ammonium oxidation measured in sediments along the Thames Estuary, United Kingdom.
Applied Microbiology and Biotechnology, 2003, 69(11) : 6447-6454.

Amano T, Yoshinaga I, Okada K, Yamagishi T, Ueda S, Obuchi A, Sako Y, Suwa Y. Detection of anammox activity and diversity of anammox
bacteria-related 16S rRNA genes in coastal marine sediment in Japan. Microbes and Environments, 2007, 22(3) ; 232-242.

Rich J J, Dale O R, Song B, Ward B B. Anaerobic ammonium oxidation ( anammox) in Chesapeake Bay sediments. Microbial Ecology, 2008, 55
(2):311-320.

Thamdrup B, Dalsgaard T. Production of N, through anaerobic ammonium oxidation coupled to nitrate reduction in marine sediments. Applied and
Environmental Microbiology, 2002, 68(3): 1312-1318.

Schubert C J, Durisch-Kaiser E, Wehrli B, Thamdrup B, Lam P, Kuypers M M M. Anaerobic ammonium oxidation in a tropical freshwater system
(Lake Tanganyika). Environmental Microbiology, 2006, 8(10) . 1857-1863.

Kartal B, van Niftrik L, Rattray J, van de Vossenberg J, Schmid M C, Damsté J S, Jetten M S M, Strous M. Candidatus ‘ Brocadia fulgida’ ; an
autofluorescent anaerobic ammonium oxidizing bacterium. FEMS Microbiology Ecology, 2008, 63(1) . 46-55.

Schmid M C, Twachtmann U, Klein M, Strous M, Juretschko S, Jetten M S M, Metzger J] W, Schleifer K H, Wagner M. Molecular evidence for
genus level diversity of bacteria capable of catalyzing anaerobic ammonium oxidation. Systematic and Applied Microbiology, 2000, 23 (1) .
93-106.

Schmid M C, Walsh K, Webb R I, Rijpstra W I, van de Pas-Schoonen K, Verbruggen M J, Hill T, Moffett B, Fuerst J, Schouten S, Damsté J S,
Harris J, Shaw P, Jetten M S M, Strous M. Candidatus *“Scalindua brodae” , sp. nov., Candidatus “Scalindua wagneri”, sp. nov., two new
species of anaerobic ammonium oxidizing bacteria. Systematic and Applied Microbiology, 2003, 26(4) . 529-538.

Kuypers M M M, Sliekers A O, Lavik G, Schmid M C, Jgrgensen B B, Kuenen J G, Damsté J S, Strous M, Jetten M S M. Anaerobic ammonium
oxidation by anammox bacteria in the Black Sea. Nature, 2003, 422(6932) : 608-611.

Quan Z X, Rhee S K, Zuo J E, Yang Y, Bae J W, Park J R, Lee ST, Park Y H. Diversity of ammonium-oxidizing bacteria in a granular sludge
anaerobic ammonium-oxidizing ( anammox) reactor. Environmental Microbiology, 2008, 10(11) : 3130-3139.

Kuenen J G. Anammox bacteria: from discovery to application. Nature Reviews Microbiology, 2008, 6(4) : 320-326.

Zheng P, Zhang L. Characterization and classification of anaerobic ammonium oxidation ( anammox) bacteria. Journal of Zhejiang University
(Agriculture and Life Sciences) , 2009, 35(5) . 473-481.

Strous M, Pelletier E, Mangenot S, Rattei T, Lehner A, Taylor M W, Horn M, Daims H, Bartol-Mavel D, Wincker P, Barbe V, Fonknechten N,
Vallenet D, Segurens B, Schenowitz-Truong C, Médigue C, Collingro A, Snel B, Dutilh BE, Op den Camp H J M, van der Drift C, Cirpus I, van
de Pas-Schoonen K T, Harhangi H R, van Niftrik L, Schmid M C, Keltjens J, van de Vossenberg J, Kartal B, Meier H, Frishman D, Huynen M
A, Mewes H W, Weissenbach J, Jetten M S M, Wagner M, Le Paslier D. Deciphering the evolution and metabolism of an anammox bacterium
from a community genome. Nature, 2006, 440(7085) : 790-794.

Shimamura M, Nishiyama T, Shinya K, Kawahara Y, Furukawa K, Fujii T. Another multiheme protein, hydroxylamine oxidoreductase,
abundantly produced in an anammox bacterium besides the hydrazine-oxidizing enzyme. Journal of Bioscience and Bioengineering, 2008, 105(3) :
243-248.

van Niftrik L, Geerts W J C, van Donselaar E G, Humbel B M, Webb R I, Fuerst J] A, Verkleij A J, Jetten M S M, Strous M. Linking
ultrastructure and function in four genera of anaerobic ammonium-oxidizing bacteria: cell plan, glycogen storage, and localization of cytochrome ¢
proteins. Journal of Bacteriology, 2008, 190(2) . 708-717.

Strous M, Heijnen J J, Kuenen J G, Jetten M S M. The sequencing batch reactor as a powerful tool for the study of slowly growing anaerobic

ammonium-oxidizing microorganisms. Applied Microbiology and Biotechnology, 1998, 50(5) : 589-596.

http ; //www. ecologica. cn



4454 A E = 314

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Hulth S, Aller R C, Canfield D E, Dalsgaard T, Engstrom P, Gilbert F, Sundbick K, Thamdrup B. Nitrogen removal in marine environments
recent findings and future research challenges. Marine Chemistry, 2005, 94(1/4) . 125-145.

Risgaard-Petersen N, Meyer R L, Schmid M C, Jetten M S M, Enrich-Prast A, Rysgaard S, Revsbech N P. Anaerobic ammonia oxidation in an
estuarine sediment. Aquatic Microbial Ecology, 2004, 36(3) : 293-304.

Rysgaard S, Glud R N, Risgaard-Petersen N, Dalsgaard T. Denitrification and anammox activity in Arctic marine sediments. Limnology and
Oceanography, 2004, 49(5) . 1493-1502.

Jaeschke A, Rooks C, Trimmer M, Nicholls J C, Hopmans E C, Schouten S, Damsté ] S. Comparison of ladderane phospholipid and core lipids as
indicators for anaerobic ammonium oxidation (anammox) in marine sediments. Geochimica et Cosmochimica Acta, 2009, 73(7) . 2077-2088.
Engstrom P, Penton C R, Devol A H. Anaerobic ammonium oxidation in deep-sea sediments off the Washington margin. Limnology and
Oceanography, 2009, 54(5) . 1643-1652.

Gihring T M, Lavik G, Kuypers M M M, Kostka J E. Direct determination of nitrogen cycling rates and pathways in Arctic fjord sediments
(Svalbard, Norway). Limnology and Oceanography, 2010, 55(2) : 740-752.

Ward B B, Devol A H, Rich J J, Chang B X, Bulow S E, Naik H, Pratihary A, Jayakumar A. Denitrification as the dominant nitrogen loss
process in the Arabian Sea. Nature, 2009, 461(7260) . 78-81.

Hamersley M R, Woebken D, Boehrer B, Schulize M, Lavik G, Kuypers M M M. Water column anammox and denitrification in a temperate
permanently stratified lake (Lake Rassnitzer, Germany). Systematic and Applied Microbiology, 2009, 32(8) : 571-582.

Kuypers M M M, Lavik G, Wobken D, Schmid M C, Fuchs B M, Amann R, Jgrgensen B B, Jetten M S M. Massive nitrogen loss from the
Benguela upwelling system through anaerobic ammonium oxidation. Proceedings of the National Academy of Sciences, 2005, 102 (18):
6478-6483.

Thamdrup B, Dalsgaard T, Jensen M M, Ulloa O, Farfas L, Escribano R. Anaerobic ammonium oxidation in the oxygen-deficient waters off
northern Chile. Limnology and Oceanography, 2006, 51(5) : 2145-2156.

Lam P, Lavik G, Jensen M M, van de Vossenberg J, Schmid M C, Woebken D, Gutiérrez D, Amann R, Jetten M S M, Kuypers M M M.
Revising the nitrogen cycle in the Peruvian oxygen minimum zone. Proceedings of the National Academy of Sciences, 2009, 106(12) ; 4752-4757.
Penton C R, Devol A H, Tiedje ] M. Molecular evidence for the broad distribution of anaerobic ammonium-oxidizing bacteria in freshwater and
marine sediments. Applied and Environmental Microbiology, 2006, 72(10) ; 6829-6832.

Zhang Y, Ruan X H, Op den Camp H J M, Smits T J] M, Jetten M S M, Schmid M C. Diversity and abundance of aerobic and anaerobic
ammonium-oxidizing bacteria in freshwater sediments of the Xinyi River (China). Environmental Microbiology, 2007, 9(9) : 2375-2382.
Humbert S, Tarnawski S, Fromin N, Mallet M P, Aragno M, Zopfi J. Molecular detection of anammox bacteria in terrestrial ecosystems:
distribution and diversity. The ISEM Journal, 2010, 4(3) : 450-454.

Zhu G B, Jetten M S M, Kuschk P, Ettwig K F, Yin C Q. Potential roles of anaerobic ammonium and methane oxidation in the nitrogen cycle of
wetland ecosystems. Applied Microbiology and Biotechnology, 2010, 86(4) : 1043-1055.

Byme N, Strous M, Crépeau V, Kartal B, Birrien J L, Schmid M C, Lesongeur F, Schouten S, Jaeschke A, Jetten M S M, Prieur D, Godfroy A.
Presence and activity of anaerobic ammonium-oxidizing bacteria at deep-sea hydrothermal vents. The ISEM Journal, 2009, 3(1) . 117-123.
Jaeschke A, Op den Camp H J M, Harhangi H, Klimiuk A, Hopmans E C, Jetten M S M, Schouten S, Damsté J S. 16S rRNA gene and lipid
biomarker evidence for anaerobic ammonium-oxidizing bacteria (anammox) in California and Nevada hot springs. FEMS Microbiology Ecology,
2009, 67(3) : 343-350.

Hoffmann F, Radax R, Wobeken D, Holtappels M, Lavik G, Rapp H T, Schlippy M L, Schleper C, Kuypers M M M. Complex nitrogen cycling
in the sponge Geodia barrette. Environmental Microbiology, 2009, 11(9) . 2228-2243.

Mohamed N M, Saito K, Tal Y, Hill R T. Diversity of aerobic and anaerobic ammonia-oxidizing bacteria in marine sponges. The ISEM Journal ,

2010, 4(1): 38-48.

S 300k

[17]

o, 5k, IRERAME NS 025 WiVT R R SRR , 2009, 35(5) « 473-481.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol. 31,No.15 August,2011( Semimonthly )
CONTENTS

Trophic group responses of ground arthropods to land-cover change and management disturbance ««+-+corveeereerrereeaeiiieiiiieienee.

................................................................................................ LI Fengrui, LIU Jiliang, HUA Wei,et al (4169)
Construction and comparative analysis of enriched microsatellite library from Liposcelis bostrychophila and L. entomophila genome ------
.............................................................................. WEI Dandan’ YUAN Minglong, WANG Baojun’ et al (4182)
Development of EST-SSRs markers and analysis of genetic diversities among different geographical populations of Manila clam
Ruditapes philippinarum +++++++=+++ssssesessssimniiitiiiitiii YAN Xiwu, YU Zhifei, QIN Yanjie, et al (4190)
Genetic diversity of different generations of the Dalian population of Manila clam Ruditapes philippinarum through selective breeding
............................................................................................. YU Zhifei, YAN Xiwu, YANG Fei, et al (4199)
Comparative study of spike differentiation in wheat in the glasshouse and field «==+«=ssssssersssrmsmmmnis i
....................................................................................... JIANG Lina’ ZHAO Yanling’ SHAO Yun’ et al (4207)
Effects of organic fertilizer on growth and endogenous hormone contents of wheat seedlings under salt stres =+« «=vreroreerrererreeereeeene.

....................................................................................... I‘IU Haiying’ CUI Changhai, ZHAO Qian, et a] (42]5)
Impacts of climatic change on spring wheat growth in a semi-arid region of the Loess Plateau: a case study in Dingxi, Gansu

PLOVIILCE -+ +#veerrresenernsenenneeneaneeneeneenea et eaeteenanernennernennans YAO Yubi, WANG Runyuan, YANG Jinhu, et al (4225)
Dynamic changes in nitrogen and phosphorus concentrations and emission-reduction potentials in paddy field water under different
tillage Models  ««sesseresssemeen e FENG Guolu, YANG Renbin (4235)
Effects of planting and straw returning of transgenic Bt maize on soil enzyme activities under field condition «-rrererrrrrererreeereeeene.
.......................................................................................... YAN Shilei, ZHAO Lei, SUN Hongwei, et al (4244)
Effects of short-term flooding on Geobacteraceae spp. and Anaeromyxobacter spp. abundance in paddy soil =+cceeereeererereeeaeeeeeee.
.......................................................................................... ZHU Chao, Stefan Ratering, QU Dong, et al (4251)
Adaptative adjustments of the sowing date of late season rice under climate change in Guangdong Provinge «+««cserereesreesereieieeeene.
............................................................................................. WANG Hua, CHEN Xinguang, HU Fei, et al (4261)
Carbon and nitrogen sequestration rate in long-term fenced grasslands in Inner Mongolia, China «-«-erovorerererresrreenenirieeeeeeee.
............................................................................................. HE Nianpeng, HAN Xingguo, YU Guirui (4270)
Ecosystems carbon storage and carbon sequestration potential of two main tree species for the Grain for Green Project on China's
hllly LOGSS Plateau ............................................................ LIU Yingchun’ WANG Qiufeng,YU Guimi, et al (4277)
Wettability on plant leaf surfaces and its ecological significance — «+:c-csereemereeneeeees SHI Hui, WANG Huixia, LI Yangyang (4287)
Seasonal dynamics of litter accumulation in major forest communities on the northern slope of Changbai Mountain, Northeast China «--------
................................................................................. ZHENG Jinping, GUO Zhongling, XU Chengyang, et al (4299)
A comparative study of seed germination traits of 52 species from Gurbantunggut Desert and its peripheral zone «+-ccocererererecceceeees
................................................................................. LIU Huiliang, SONG Mingfang, DUAN Shimin, et al (4308)
The reproductive ecological characteristics of Sinosenecio jishouensis ( Compositae) and its endangerment mechanisms — =+eceseeeeeeeeeees
.................................................................................... DENG Tao, CHEN Gongxi, ZHANG Daigui, et al (4318)
lterative algorithm for analyzing the influence of the proportion of permanently destroyed sites on the equilibrium abundances of
Spe(ties ....................................................................................... SHI Peijian s GE Feng s YANG angpel (4327 )
Physiological mechanism of foliage spraying paclobutrazol on increasing salt tolerance of Jatropha curcas seedlings =+ «=-+csereeeereeeeees
........................................................................... MAO Yiging, ZHENG Qingsong, CHEN Jianmiao, et al (4334)
Spatial ecological niche of main insect borers in larch of Aershan «+::eeeeeeeeeeeeeeees YUAN Fei, LUO Youqing,SHI Juan,et al (4342)

Source areas and landing mechanism of early immigration of white-backed planthoppers Sogatella furcifera (Horvath) in Yunnan,

200 DT e SHEN Huimei, LU Jianping, |ZHOU Jinyu|, et al (4350)

Life history and the evolutionary significance of egg diapause in Changsha population of the rice grasshopper, Oxya chinensis

(Orthoptera: Catantopidae) «««+++=ss+ssssseremsssrmnitiiiitiiti ZHU Daohong, ZHANG Chao, TAN Ronghe (4365)
Relationships between main insect pests and their predatory natural enemies in “518” nectarine orchard — «+«+eseeereeesererenereneeeeneee
.......................................................................................... SHI Xiaoli, BI Shoudong, GENG Jiguang, et al (4372)
Dynamics of soil meso- and microfauna communities in Zoigé alpine meadows on the eastern edge of Qinghai-Tibet Plateau, China +-+------
................................................................................. ZHANG HOngZhi, WU Pengfei’ YANG Daxing’ et al (4385)
Seasonal changes in waterbirds population and movements of Great Black-headed Gull Larus ichihyaetus at Keluke Lake of Qinghai,
China ..................................................................... ZHANG Guogang’ LIU Dongping, HOU Yunqiu, et al (4398)
Predictions of net carbon emissions based on the emissions and forest carbon sinks in Yunnan Province «torocoeecececceracaccaeencaee.
................................................................................................ LIU Huiya, WANG Zheng, MA Xiaozhe (4405)
Ecological water depletion by human use in Beijing City coeeeererersreersreeeeee. BAI Yinglan, WANG Rusong, YAO Liang (4415)
Review and Monograph
Research progress on regulation mechanism for the process of water transport in plants «=«=exvorrerorrrrrsrererareieeereeeeeees
.............................................................................. YANG Qiliang’ ZHANG Fucang, LIU Xiaogang’ et al (4427)
Antibiotics in environmental matrices and their effects on microbial ecosystems — -+---- YU Shen, WANG Min, HONG Youwei (4437)
Anaerobic ammonium oxidation in natural ecosystems «+vrerorrerereeeseaeea e SHEN Lidong, ZHENG Ping, HU Baolan (4447)

Scientific Note
Ecological characteristics of macrobenthic communities and their relation to water environmental factors in four bays of southern

Shandong Peninsula ++++sssessssreesmmeminiiniiit i ZHANG Ying, LU Zhenbo, XU Zongfa, et al (4455)
Seasonal succession of crustacean zooplankton in relation to the major environmental factors in Lake Ulungur, Xinjiang — =:eecoeeeeeeees
............................................................................................. YANG Lili,ZHOU Xiaoyu,LIU Qigen, et al (4468)

Effect of different fertilization and irrigation practices on soil ammonia volatilization of Arecanut (Areca catechu 1. )

........................................................................... LU Lilan, GAN Bingchun, XU Minghui, et al (4477)



2009 £ E AR S5 55K 200 E BT 10 ZHAF*
(5T 2010 4EHR CSTPCD B )

Hey Wi S Bk Hy W19 R [N
Order Journal Total citation Order Journal Impact factor
1 ERFER 11764 1 ERER 1.812
2 o A 524 9430 2 T A2 1.771
3 TP 2R 4384 3 N A A2 1.733
4 [iE|dib7 i 4177 4 G/ EA =S 1.553
5 HERFERE 4048 5 HERFERE 1.396
6 L7/l seE i SR 3362 6 [iiEdi:t7/E=22ir 0.986
T morooy IV 3327 7 s 0.894
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873
9 IKEE AWk 1773 9 FHP - 0.841
10 wR R 1667 10 YT 0.809

* (LEZAAR) 2009 AFERLO AN 1964 FRHEWTIHET B80S IR 11764 0, £EHER S 1; A
T 1812, £ EHERE 14,55 19 JmiELE 9 AR E A A AT ob BEDRG SRS

wEEHEME flais BiTéREE XIKE B %
4 & % Wk ACTA ECOLOGICA SINICA

(SHENGTAI XUEBAO)

CEATI 1981 453 7 B1F) (Semimonthly, Started in 1981)

{3l B15sW (2011 4F8 H) Vol.31 No.15 2011
% L= <E§%Tﬁ>gﬁiﬁﬁﬁ Edited by Editorial board of
Sk - JEHTGE DOULS 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬂéﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
HLi : (010)62941099 Tel ; (010)62941099

www. ecologica. cn .
. www. ecologica. cn
shengtaixuebao@ rcees. ac. cn

5o N iq,cl‘lengtraixueba()@ rcees. ac. cn
* i E R AR S dltOl'-.ll‘l-c ie HLI\-IG Long—\-x/e-l ‘
I EAEAREEE S Supervised by China Association for Science and Technology
7O
cp R RS2 e A A PR BF ST 0 Sponsored by Ecological Society of China
Huhil . b ST IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS
M L 4w i . 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H R 4 & & I3 it Published by Science Press
Hihk . b AR IR ILHT 16 5 Add ;16 Donghuangchenggen North Street,
MR w65 . 100717 Beijing 100717, China
En Rl Je s AUARER Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & K i Beijing 100083 , China M A
Hudik R BCWARALAT 16 & Distributed by Science Press 2 — —
EHKB[Q’?H&% :100717 Add 16 Donghuangchenggen North o %
Eﬁﬁ'ﬁ 31(910)6;2)34563 Street , Beijing 100717 , China L ===
-mail ; journal@ cspg. net Tel: (010)64034563 P Wl — V1
iT W 4 Hi ) Ee "(‘1 . ) @ s . o =2
ESh & T HhEEERE A S B S Joummat osbe. e N
Hihl .4t 5T 399 {%%ﬁ Domestic All Local Post Offices in China 22—
HSieit . . . . (7 B —
4, Foreign China International Book Trading —
TEZEE MRS : 100044 Corporation ) 2 =l':
AT/ = S 2 ks =} —_—
¥ W OiE SRS 8013 5 Add:P. 0. Box 399 Beijing 100044, China o
ISSN 1000-0933 - N — —
N 1AM O ERSIRFFEIT EN#E RS 82-7 E5&ITHS M670 R 70.00 T

CN 11-2031/Q



	15fm+ml-zw.pdf
	stxb201007131038.pdf
	15ml-yw+fd.pdf



