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Community structure analysis of anaerobic ammonium oxidation
(ANAMMOX) biofilter at low temperature
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Abstract: To characterize the microbial community in anaerobic ammonia oxidation ( ANAMMOX ) biofilter
and to apply this technology, techniques of scanning electron microscopy (SEM), denaturing gradient gel e-
lectrophoresis (DGGE) , cloning and sequencing were utilized to study the community structures in two up-
flow ANAMMOX biofilters, which were operated stably at low temperature (15.0 —16.5 °C). The results of
SEM showed that the filamentous bacteria were just found within ceramic packing B1 biofilter. Spherical bacte-
ria had more densely distribution in volcanic packing B2 biofilter than that in B1 biofilter. Bacterial DGGE re-
sults showed that there were some differences between B1 and B2 microbial species and the population similar-
ity was 68. 1% , and B2 reactor had higher bacteria richness. However, the type of anammox bacteria exist-
ence in two reactors was the same. The sequences of bacteria and ANAMMOX 16S rRNA identification re-
vealed that Candidatus Kuenenia stuttgartiensis occurred in two ANAMMOX bioreactors. It was helpful to ap-
ply ANAMMOX technology at low temperature ( 15.0 - 16.5 °C) through Candidaius Kuenenia
stuttgartiensis enrichment, with the form of biofilter reactor filled with volcanic rocks.
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1.1 REBES

TR B A LB 5 T AR AR TR RN Y
PANAEYIIERE , P94 185 mm, 554 2.0 m, AR A T
45 L. R G THF P B b Fn A Ve 3R,
HEZRESEN R 1 s, Bl M 3R I 2
LA FRLIECRE , B2 A B IR Il 2 £ 3R 11 HELRS
LSO A S b g P el e R A SR Ak
V5V B, FE R K P E R S IR R 5 A
RN IE & S 5% K, 4% m(NH, " -N) :m(NO,~
-N) 228 15 131, IS RS A8 A Sy 38 i L 9]
BOR AR 2 200 mg/L. 53 ARG 1. 5%
FATE TS K A0 (R 480 bR T2 — gkt
B KT SR pH RFRLE 7.4 ~ 8.2, 6% A
A& F2 N EARIELEE(15.0 ~16.5 °C).

®1 AMEMHIEUESH

R ORR/mm FFEER/ (m? - kgTl)  HEBEEE/(10%kg - mTY) O SEFEEAE/ (103 kg - m ) FLBEE/ % K/ %
(GE 2~3 28.2 0.98 1.5 41.0 49
KilE 4~6 11.3 0.82 1.6 62.5 58

1.2 SEYEHRER(SEM)RE

WAk B1 5 B2 SR SEMAEDRL 0.5 g, N
A 2.5% (IRFAYE0) W /%, BT 4 CUkEE
67 4 h; H10. 1 mol/L,pH 2y 8.0 YRR Z% vh i
Wbyt 3 W, B ¥k 10 min; 43 %) H 30% ,50% ,
70% ,90% (& F 43 %0) 0 & BE 347 Wi K, B Ik
15 min, R JGK Z B K 3 UK, BEUR 15 min; 48
JEIMARTRL K 11 1 100% 2, T 2, Tk 5 1% g
B4l TR 5 BR A — R T B 4, B3K 15 min £
i EL S T8 5 4, 3 5 451 44 L B% ( HITACHIS -
4300 ) WLELEPIBIE A
1.3 TSR Rk
1.3.1 % DNA $2Ht

B 200 mL A= MK RE 12 000 x g, 4 C B
10 min, YWAEDTIE. ULTEMA 10 mL, 0.1 mol/L {1
R ZE vhii (PBS,pH8. 0) Ak 2 Y. &4 DNA 421K
S22 3R 8 16T, Z JE AT 4l Ak i
1.3.2 PCR ¥

X RZHRANTE 16S rRNA FE[H V3 X, R A5 |
¥ BSF338-GC (5 ’-CGCCCGCCGCGCGCGGCGGGE
GGGGOGGGGCACGGEGGG  ACTCCTACGGGAGGCAGCAG )
(T RN 4>~ “GC” J2) Fl BSR518 ( ATTAC-
CGCGGCGCTGE) HEAT I 3™ . % F K A & A Ak
16S rRNAZE K, 5% 45 52 151 ) Amx368-GC (57 -
(GOC0GO0GAGECCOGECGEC.  GOGGOGEGEGCACGEOGGG

CCTTTCGGGCATTGCGAA -3 ) ( FRIZ 4> M
“GC”J¢) #1 Amx820 ( AAAACCCCTCTACTTAGT-
GCCC) " PEATH 4. BiFh 514 PCR [k 2 K
P 1G5 1 AH TR B A R 4L R : DNA B Al
1.0 pL,10 x Buffer 2.5 pL,dNTPs (2.5 mmol + L")
2.0 L, LiF5 9 MR iE51 4 (20 wmol - L71) 4%
0.5 pL,Ex Taq f§(5 U/uL) 0.125 uL, #hk 24k
FUR25 pl. PCR 41 4544 4:94 °C,5 min;94 C,
40 5,55 C,40 5,72 C,1 min, 35 M~ fF¥H;72 C,
10 min. PCR F=#12% FH] DNA 4fifl [l 6 (O RAR,
) glifk .
1.3.3 DGGE JHZE BT

FIFH DGGE MLk X} PCR =Wyt 7 438, (A%
A D-Code System ( Bio-Rad 2\ #]) , Bk 8514 :
BEMLABVERBE 30% ~ 60% , 5 T I Tt JHe ot 3 7 K
43811 8% ( BSF338-GC/BSR518 4 7= 491 ) il
6% (amx368-GC/amx820 ¥ 4 y=4y) H E120 V,
HLUKZZ oA 1 x TAE, HL Pk IiLEE 60 °C, HL Pk s ]
43345 h ( BSF338-GC/BSR518 #1474 Al
8 h (amx368-GC/amx820 ¥ ;= ¥y ). Hy ik 45
Jai B HEA AR g 3 3o 58 R A 1% 1 ( BioRad
Gel Doc XR) FREUKIA.

R T R A R A MR TR A
LA Quantity One 4. 6.0 ( Bio-Rad, USA) X}
DGGE K47 434, Horh i A= Wik v 2 FE v ]
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XF T MR R E Ak DGGE BEIE F 7%
HATUIRE T 100 wl 1 x TE H1,4 °C,16 h. DLt
AR, A AT GC J2 1y BSF338/BSR518
amx368/amx820 Jy | ¥y, I 1y 40 i M KA A Ak
AT 168 rRNA Jr B B4k [mliic i) PCR 74 3%
HeF|# A pMD19-T (TaKaRa) I, I AL 552
YU Escherichia coli DH5o ( RAR, 1 [E ) #. fH
PEVEREESS B AR TAEY) A w] (R D) SEA7 I

ARAFAY P 51 i ik NCBI [ 3 /) BLAST T H
AT, JF AT X i ik MEGA 4.1 %%
%, LA bootstrap-NJ 244 1 28 G kAL A% . A B 52 e
W75 ANAMMOX B 16S rRNA J¥ 31 2258 &
GenBank , %5 555k IN244671.
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2.1 BEMES

P BSER R S aREEEtT LA BT X
P THLEA LRGN 0.5 ke/(m’ - d) , ZBR3
H 50% ;B2 PHIEA L BRI 1.6 ke/(m” - d), 2%
BRA 60% . PIAAMIE AL B R H#E AL 6
AR, 3K IE & anammox B R AR B A L
H B S AR MR AL 48 UG, o A s B2 S
IO i A LT LU TR, o A B . AR W IO
Fagad i T T R B L AR DLIA 1.
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FUA BL A B2 $14m B4R, A B BL WA
ARSI 2R TR FURR S, BT AN T 0 A1 2 R 4
K. 10 B2 S 7 e A= RS (5 ABRTE AR O 2 A7
TEA R GIAR FPARANTE , BEA A BLLARAE AL 22
IRk SIRANA, L H R B A

SCN R 22 AR I K I A 2 L5 o B S L 2% N S
AL B HoAs B, A AT 3 SR anammox [F 1Y 4R
K5 R, PRI 252 0 50 g 178 JE U8R 3% AT g
Je B R A S AR K BR 6 (0.5 kg/ (m’ - d)) iz
T B2 R (1.6 kg/(m® - d)) (SR, B fiE
IR R AR s R A R S N BRE , BARTE 0. 8 ~
L1 ™ AN DR 48 SR A A ST 4 P9 8 2 U5 o
BRI A0 A AE , 4 AT B DR A 2 SR AL 4 TR B2
S A BRI A TR 53 AT S Ry B8 4R HED S PR L
SR} EE PR SR A R I 2S B S fL IR, A
T X R A P e 4.
2.2 WAEMBEEN
XPERYYJE ) DGGE BERSHA TG , 7E M 451K IE
FAEERE] 12 RS, WL 2 (a) ;B 2(b)
2%} DGGE 8 A 254 Quantity One 4. 6. 0 /M52
il DGGE 3/ A, 12 S 4 B I i 26 2
TRV PT LT RS IS 25T 19 431 55 AR R B
W RE TS 2 FE PR dE B0 H H, 93l D 1.258 Al
1.276. & 2(¢) & ANAMMOX ZH 5 DGGE 45 5. %
Bl 2(a) o 12 AN S5AF AT DI PCR 3, SE Rl
JPiE R 2.
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HH, WERT H, R B2 RN A M R
SR KIS (B2) Fe B RLECRH(BL) B4 1) il
AWrE A BL ORI B2 SO g A2 B RIRE A RR (L
68. 1% , WA [RIEURE ANAMMOX. [z I i A 1A )
FhEA i 2250, DGGE £ ([ 2(a) ) , Bl EdtA
8 NG, B2 A 10 ST, IS NI 6 AN 457H
TEAHIRIOE(6.7.8.9.10 1 12) , FKHI5% 6 R EYITE
WIS B 28 NEREAE, 40 55 Candidatus Kuenenia
stuttgartiensis ( AF375995) | Ignavibacterium album
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W, 25 IRIRIRE A R Y M R 454 S B -9

( AB478415.1) . Hippea maritime ( AB072402.1)
Acinetobacter sp. “Acinet. 1~ (EF409307.1) | Sulfur-
oxidizing  bacterium gps6l ( AB266389.1 )
Rhodopseudomonas palustris ( D12700. 1) & #H {2
(F2). W as N BAT RS A TR O 2%
6 It M Candidatus Kuenenia stuttgartiensis,
A5 K AL R G WA ). 3k 3 I A S
BIRBUREA ] (H 283 BRI )12 47 )5, AE B R 2
[Fi)—7h PR AR = A A A e
*2 RESEUREI[IAME 16S rRNA U FER

vt AR5 (Bt 5) HABLEE/ %
1 Oxalicibacterium sp. JCN-21 (GU295961. 1) 93
2 Oxalicibacterium sp. JCN-21 (GU295961. 1) 91
Thermomonas hydrothermalis strain SGM-6 o8

(NR025265. 1)

4 Anaerobic ammonium-oxidizing planctomycete %
KOLL2a (AJ250882.1)

5 Anaerobic bacterium MO-CFX2 ( AB598278.1) 96
6 Candidatus Kuenenia stuttgartiensis ( AF375995) 94
7 Ignavibacterium album ( AB478415.1) 98
8 Hippea maritima (AB072402. 1) 95
9 Acinetobacter sp. Acinet. 1 ( EF409307. 1) 85
10 Sulfur-oxidizing bacterium gps61( AB266389. 1) 91
11 Ignavibacterium album ( AB478415.1) 93
12 Rhodopseudomonas palustris (D12700. 1) 93

S B 11 U BAE B Rids N, B4
Y5 Anaerobic bacterium MO-CFX2 ( AB598278.1) Al
Rhodopseudomonas palustris ( D12700. 1) A1 1{LL, #H
RLEE 539K 96% i1 93% , & B3 W 241 12 B 25 )
BEPRLEDRL A P EAE (BL) ARG, T 28417 1.2.3 Fil4

100

87

44

100

41
100

100

100
—
0.01

100 |: E

I B2 i gs N, B4 Oxalicibacterium sp.
JCN-21 ( GUOSBL1 ). Oxalicibacterium sp. JCN-21
(GUO%L. 1) , Thermomonas hydrothermalis strain SGM-6
( NRO25265.1 ) FlI Anaerobic
planctomycete KOLI2a ( AJ250882. 1) #H1PLJEE 4351l
93% 91% 88% J% 89% ,FWHIX 4 PN B B AT E K
HEESECREYIIEAE (B2) N AR . IR SR 2 N A TE
NIRRT , 33X AT BE SO B OGB4
BHEA LRI , DT RE S S 50 22 A TR

HAR BL A B2 AW i B AN [R] (R AR 1 SE
IBATHAR D, R EAA AR [ 2(c) kg
HIKIEA HA —A 55 HACEA R, R 2
11J5 I U as AR — PR A A A L AT T
168 rRNA 5, [ U 7 01, & 0L 9 1 B 1 i - ANAM-
MOX &[]} Candidatus Kuenenia stuttgartiensis. K
RO TR AL BIR R A A A RIS R B, AR
AR SRR ANAMMOX B Ja& AT REAN ], {EHRRSE
PO R— LUK —Fho T B SOk R )is
T LA, 1M Candidatus Kuenenia stuttgartiensis
B S e s s B
2.3 RESEUARREELENT

Db 40 18 16S tRNA V3 X F W7 4% 48
(#7180 bp) fF B =K, hy 7RIS T S
P ANAMMOX F#fi2, % ANAMMOX T DGGE i
(#7480 bp) #EATYIRE I PCR H4 5 F0 5 B .
P27 51 5 HABAH OG0 TR 1Y 16S tRNA J 371, 3
MEGA 4. 1 ARG TR, G0E 3 Fiis.

ammonium-oxidizing

DQ301513.1 Candidatus Jettenia asiatica

AB057453.1 Planctomycete KSU-1

| EU478694.1 Candidatus Anammoxoglobus propionicus
! DQ317601.1 Candidatus Anammoxoglobus propionicus
AB281488.1 planctomycete JMK-1

AF375995 Candidatus Kuenenia stuttgartiensis

JN244671 anammox bacteria

AJ250882.1 Anaerobic ammonium—oxidizing planctomycete KOLL2a
— AF375994 Candidatus Brocadia anammoxidans

92 AM285341.1 Candidatus Brocadia sp.

98 EU478693.1 Candidatus Brocadia fulgida
DQ459989.1 Candidatus Brocadia fulgida

4@ EF602039.1 Candidatus Scalindua marina
EU142948.1 Candidatus Scalindua brodae
:U478692.1 Candidatus Scalindua wagneri
AB433173.1 Planctomycete UKU-2

3 REREUEFNRELERIN

Pl 3 ARERAE Dt v DR AR 2 A A 4t R 2 A
1) 5 PR S E AL T S R EIR A 1 R LK
B ZR. JFH] IN244671 5 Candidatus Kuenenia
stuttgartiensis ( AF375995) [G] J514 5% & , AHRLE 7K
99% . [a] B}, 5 Anaerobic ammonium-oxidizing

planctomycete KOLI2a ( AJ250882. 1) 7F [f]— 43

Xk, BoR e A E R RO R
Candidatus Kuenenia stuttgartiensis x5 K I T 4

Prukiterh A BRI i, O 4 A
FEPRIELIFE ™ 3% R B R S A At B R 4 T
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B s . Candidatus Kuenenia stuttgartiensis B
REBR, B2 1T wm 247 fbEE A 7780, oA
1) PRAA A A T A M 5 R R AL, AR SE 36 b W 43¢
B RA R E A S X SR ) 5

BEGSENUPNE 2 N R AR =R @At o Y (TS
PRIFTE 30 ~ 40 T T — AR /K 19 T HE 44k 56
I (25 °C) B AR B2, 7R S Brys K AL B b, X %
K FEAT I FAFA LR i AR K i AN SE B, XA R
AR AAL TN — D HERL. Ao, Kalg
BUBHR S = AL A P8 (B2 ) 7ERARIR (15. 0 ~
16.5 C) Z&MF R IABCR REF; 5351, KB as ]
17, — BAEE N AR, AT %
4 K5 it O, X X} Candidatus Kuenenia
stuttgartiensis AR T —25. LR B 5E R 1,
AT RICR K L e BEORHE 78 A2 M08 it S B, O &
4E Candidatus Kuenenia stuttgartiensis, A B TR
AREAN LB (15.0 ~ 16.5 °C) Z&AF
TR IBAT , AT BRI Pl 2 A

34 #

1) SEM 453R 7R, B b IE0RE 52 v (B1) A
22 R WL, BRIE 20 T 03 A1 2 P AR, K e
LS (B2) A A I 22 R T, T 3K 40 B 5 A1
WA 22 R R AAAEAF T anammox B AYAE 1,
L EUR A ) T BRI A0 R 1 5 4R

2) #i7E DGGE &5 R3RH] , A RIEUR S N & N
A= P Fh 2 i 220, BL L B2 20 B R 114 A A
PEA R 68. 1% B2 [z i i AN TA B B . AR
B1 Al B2 SERPAA]  (H A K EE AT /S BE s
A B[] —Fh R A AL A

3) i A SRR E A AL A DGGE 2577 168
rRNA Se RN, S5 RO N DI BETUAE P R A
EAL R Candidatus Kuenenia stuttgartiensis. 1] L)%
P L SR A W s b B 0 i OB 2, 3 AR
Candidatus Kuenenia stuttgartiensis, 1 B TR E &
AT AR (15.0 ~16.5 °C) R iafT,
T 1548 KA S e 5 .
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