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Enrichment and Identification of Anaerobic Ammonium Oxidation Bacteria

LIU Dong-ying" *, QIU Yan-ling', YUAN Xian-zheng' , SHI Xiao-shuang', GUO Rong-bo'

(1. Key Laboratory of Biofuels, Qingdao Institute of Bioenergy and Bioprocess Technology, Chinese Academy of Sciences, Qingdao
266101, China; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Anaerobic ammonium oxidation (ANAMMOX) bacteria were investigated by cultivation and molecular approaches. Primary
enrichments were made with NH, HCO, and NaNO, as substrates and two types of sludge from ANAMMOX reactors as inoculum. Two
stable enrichment cultures were obtained after two years of successive transfers, and ammonium removal rate was 85%. The
ANAMMOX bacteria in the enrichment cultures were identified by Planctomycetales-specific 16S rRNA gene-cloning analysis and
fluorescence in situ hybridization (FISH). The clone analysis revealed that all the clonal sequences obtained from the two enrichment
cultures were similar and closely related to Candidatus “ Kuenenia stuttgartiensis” (99% similarities in 16S rRNA gene sequence).
FISH with Planctomycetales-specific probe Plad6 and K. stuttgartiensis-specific probe Kst1275 revealed that the predominant
ANAMMOX bacteria in the two enrichment cultures showed positive signals with the Pla46 and Kst1275 probes, respectively. To detect
the variation in abundance of K. stuttgartiensis in the original inoculum reactor during two years of operation, FISH with Pla46 and
Kst1275 probes was applied to the same sludge. The results showed that the abundance of K. stuttgartiensis in the sludge was increased
from 11% to 24% within two years.

Key words: ANAMMOX ; “Kuenenia stutigartiensis” ; 16S rRNA gene clone library; fluorescence in situ hybridization ( FISH)
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TR MR —FR B E R RO R R A T
TEBEKAE DI RS2 B )2 . R IR
SALTRE R ENS A5 RIE A (11d) 200 X LAZE S
B AR | S BUR LA A S T, TR I H]
B REAFMTZKIN16 a LIk, BEHRFAHK
AR AR, P, R A AL Y 7 B s
FEBARDISE I A Z AR I B9 B 2. A
WFFELA 2 MRl e R SR = SR A T U8 h o3 B R
RIS IR I ik S0 T A= TEmas & 8 7 T
PRAE AR R SR 5 7T HEE.

1 #MBEFZE

L1 FECREE

PRA AL TS TR IR A 2 A 30°C B 5256 %5 5
Tt e, Ho , —Fp5le (05 H) BLA LRt
BERPE b — BB AT 3 a BHEG 2N A%, K
FE T BT e A BRI S S R AN TS
P RLAATRL, 542 0.5 ~3 mm. H—Mi50e (L5
S) B A AL T HE K £ A2 172 A 19 L i = IR AU A
PRI % (UASB) |, 117K 35 J5i A 75 8 T Ak i 2 54k
B RS EREN V5 U8 N K A0 41/ NBUR.
1.2 BHESRENE

PL2 AR R A B AT 8 (10,1 g) 1E A Ap
I8, 15 R4 PBS WEIR S M i VeSS I IS 43 5 I A 60
mL LA, 88 T 30°C BRE R IRA . BE R 5L
1R DR AR R IR A SR (Ar: CO,
=80:20, PRI ) B4 ik M b 75 56 K i .

F1 REESSNEERENER
Table 1 ~ Composition of medium for ANAMMOX bacteria

SyE| HEFRE Sy W /mg-1.7!
KH, PO, 56.7
MgCl, -6H, 0 165
CaCl, -6H,0 300
NaHCO, 104.9
Wi TTE 1 EDTA 5
FeCl, -4H,0 5
WaEIeE 1 EDTA 15
ZnCl, 0.255
CoCl, *6H,0 0.3
MnCl, -4H, 0 1.238
CuCl, -2H,0 0.213
NiCl, -6H,0 0.238
H,BO, 0.014
Na, MO, -2H,0 0. 304
NaWo, -2H,0 0. 063
Na, Se0, 0.061 4

¥ M NH,HCO, F1 NaNO, 1E & JiE ¥, NH, -N Fl
NO, -N M9 EEI 2 4 mmol -L~" (56 mg-L™") , Hi5%
K pH N 7.5 ~8.0. LUK AHIR £ X B h i £ B
IR bR, 2R HTE - Gk R, YY) £ B 50%
DL B ARG 35 T i 5 R 5L A it 15% ~
20% . VIl E A n IR A A AR 5 R ORI,
KRR IR | F B RSB AR FS G5
I3 BRI A T DRAE E E A TR Y 4  liA [A
Bk 2l BiE (2% ) | Gellen Gum (1% ) &
TEERE (0. 5% ) ME MBI .

1.3 DNA $2H(, PCR 4" 1§ J 5 b S As)

DNA $2 ORI 2 Al K S8 i 2 B, 16S
rRNA JE I 9 PCR e ik I F % B R 5 519
Pla46f-1390r, PCR #" 3 F2/¥: 95°C 2 9 min;
95CAS M 40 s, 59°C IR K 40 s, 72°C ZEAH 2 min,
72°C #Ef# 10 min' ™. RYd/> PCR %22, PCR 444>
FIR 20, 25, 28, 30, 35 fEF, AR A2 e 06 2R
. PCR F=#)ffi | TIAN quick Midi Purification Kit
AT aifk. ALy PCR 77915 Bk 24K pGEM-T
easy ( Promega ) #1732 5 , ¥ A 3| DHSa RIAHT
BAZ AU, 5 AT W L BEGR E. BH A e R
K58 FH 514 Plad6f-1390r, FEALHEE 10 4> FH A 78
B F 4T RFLP 4347, PCR 74 1 DNA VI Hha
I F1 Hae 5378 BE AL se DA TI0)F (L5
JRAEYBHEARAE) . P55 A GenBank 4l
LG X, Iffd T ARB ¥ 91 23 A1 414 48 1 R 8 K
AR
1.4 OGNS KM (FISH)

FISH* SRR | 1L P AR AT Plade K
“K. stuttgartiensis” FrBREr Kst1275 X &R IR R0
A TP 258 (Fe 2) VO P e AT Plad6
() 2% 58 25 1, LAV 5 B 1138 2E 90 < Thermopirellula
anaerolimosa” Vm20-7 KK ( DSMZ 24165) A 15 I
LIS Plad6 #REFA — DI HE A VEAC Y Lentisphaerae
1A W) “ Oligosphaera  ethanolica” 8KG- 4 T
(DSMZ 24202) A%t R, SR FISH %45 e
N s AT ad R b AR AR Y R R AT TR
BRI, 23 ) e Plad6 FI Kst1275 45 S35 X6 i) —
TSR AT IR B T VA YN K. stuttgartiensis”
(1) FISH 2452, [AliF 64T DAPL L ta, JFAEE i
(Olympus BX50F) TWLEE | T, B FEA IS SHE
¥7 | Fi] Plad6/DAPI 1 Kst1275/DAPI (1) H(H R AE 7] —
FEfH IR T 1AM K. stuttgartiensis”™ TE
YRR el RE PO o
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Table 2 Fluorescently labeled oligonucleotide probes used in this study

AL (% ) /NaCl

FREF 2 F A A Ty HESEHE FREF RS (5'-3") seehRin ol L1
Pla46 S-P-Planc-0046-a-A-18 Planctomycetales GACTTGCATGCCTAATCC Cy3 30/900
Kst1275 S- #-Kst-1275-a-A-20 K. stuttgartiensis TCGGCTTTATAGGTTTCGCA Cy3 25/900

2 #HR5IHE

EE SRt IR

DL 2 PG a a8 47 IR A A R N 2 R TS
Ue R 53 BRIV A PR B S ke i U B M KA, R FH Il
TG, AT T IR E A E AL R 1 E 4R
B3t %t 2 a ALK AT 2 MREIR
AREEMERRCE R H, S) MERIER 1 ~2
AL IR R 5 A R R 1 B AR T E S
TEFEZRBHBAS 15% ~20% ST |30
d ZEAEER O SRR AR 1) 2 BRHiR 5] 60% ~85% /A
fi. HERFR AN T & LR AR 5, 5%
B10.5~1.5 mmol-L™" (& 1).

6

2.1

(@)

¥ )#/mmol-L!

()

¥ ) /mmol-L™!

. ﬁ;,\__%@
0 20 40 60
td

1 RESEUEREFTR(H&S) WIRHERE,
BERHBRERENTL
Fig. 1 Consumption of nitrite & ammonium and production

of nitrate by ANAMMOX enrichment cultures H and S

Ty v AR E A TR AR R U B4 T &
HL LA HL TS AR DL R AR b ) = e . R
Xof PRAR R SEAR TR AR R Y S (LR AT I A A
RORAAFMNHEE TIFsEw ], N BUEw R0
JHRE v AN B i BE S5 DL I AT Dl ek B A R R T R
PHESE, CHMNFRER T TAEY, i1 Planctomyces |
Phycisphaera 55 T J& # /& i i $1 E &R 4 1k 3%
e AR BT RINER . A NEER.
AEREPUERM IR A ARG R R, 45
T A R RO IR R A T pO i B A, 7T R
TR IR AR A AR 1 GBI R . S T Al IR
SR BRI T WA 2R 5 R vk B TR VR 45 B
FESHEG MR BTk, IRA A A TR RTE
T REASEL 10 A SR W LA K (AR SR A ) A K, 7
o MNHLL. LIEaiiig. Gellen Gum M IR
VERBERE BT, % & BRI RIEAT T F S ke R B
FROIER ARG FREERR TRER BHEE
16S rRNA RGHE S AR KA R A, HAv, 3k
CRE= AR LD R RN (T o W EP S N s
TR AR
2.2 EHREFERPIRAZAHE 16S rRNA R4
fi b

poL RSP NG LN = 2 K= e e S
J116S rRNA SERESCETT L X B 4 2 a BIEIR R
TR I AR A IR T T AR, PCR BV
PR H AR 51 Plad6f-1390r, fEFEL 25, Xf 2 4
FEFRE R A IEH 10 A FHPE SERE#E 1T RELP 230 #7 , 45
R 2 FIEIER P 10/10 TEREREYI 4 AR, AR
FIFHIHEXTEETRE W 2 MG R PR H T 103 R
] — AP IR AR AL w5 B K Candidatus “ K.
stuttgartiensis” 45 99% FILITE (] 2) . iZz4h AL iR
“K. stuttgartiensis” 215 /KA R 58 h 8 WL DL
AR A
2.3 YICIFALAAL AT (FISH)

M TEREFRATZE AT, 2 D EER R R T IRA
BEMHEEI N “K. stuntgartiensis™ , iy E— 25 10 UE 75,
REMATT LS 2R, SR 07 B 181 T 148 57 AR B Plad6-Cy3 Al
“K. stuttgartiensis” fif AR Kst1275-Cy3 , F| H FISH
xR R P R SAALTE T T EMEAE R
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Phanctomycetes
Rhodopirellula baltica, NR_04338 Probe Pla46

Blastopirellula marina, X62912

® >95% bootstrap value
O >80% bootstrap value

mesophilic biogas digester clone HAW-RM37-2-B-650d-A11, FN563175
geothermal spring mat clone TP128, EF205570
Planctomyces brasiliensis, AJ231190
T Zavarzinella formosa, AM172406
deep sea sediment clone BD2-16, AB015544

hot spring clone OPB17, AF027057
t Schlesneria paludicola, AM 162407
Planctomyces maris, AJ231184
Singulisphaera acidiphila, AM850678
L T lophaerasp str. 657 X81960
Isosphaera pallida, AJ231195
Phycisphaera mikrensis, AB447464

Pirellula staleyi, AJ231183
“Thermopirellula anaerolimosa’ strain VM20-7, AB558583
Planctomyces limnophilus, X62911
:Gemmata sp. strain 633, X81857
Gemmata obscuriglobus, X56305
4+_| UASB sludge clone SmB26fl, AB266921

Candid. “Brocadia oxidans”, AF375994
& Candidatus “Ki ja stuttgartiensis”, (10/10 clones), CT573071 _| Probe Kst1275
® 81
Candidatus “Scalindua sorokinil”, AY257181 Atiginines Clistet
0.10
B2 RESEENWE"Kuenenia stuttgartiensis” FEiZFEFH I THNRAZLXBEH

Fig. 2 Phylogenetic position of “Kuenenia stuttgartiensis” in the phylum Planctomycetales

(2). HINHEHE Plad6 783851, U5
Wl AEY“T Vm20- 7 & B
(GenBank, AB558583) AIEXTHE | LI Plad6 #8414
— A~ Bk R VT BE B Lentisphaerae T8 4= ¥ « 0.
ethanolica ” 8KG-4 HHk( GenBank , AB558581) A fft
PR HEAT 0% . 10% . 20% . 30% . 40% F1) W i
(FA)BEEESLES, fe 20 2 AR5 Plado MY fE FA WK
4 30% (NaCl ¥ FE4 900 mmol-L~"). [FIFE, K
W RET Kst1275 (2238 554, 4T T FA BREEVR
S, IS HEE Kst1275 4 AR IEAS VL L) “T.
Vm20- 7 1 N X B, S 48
Kst1275-Cy3 B fefE FA WREE R 25% (NaCl ¥R JE N
900 mmol-L™"). KM ik 2 4, Ml H FISH &
YIRS R RUE AT T @b, R R R R R ER
JEH5 Plad6 #R4H K Kst1275 HREF A 94, 3%
WV RS A | 1R SRS Plad6 258 5 IR A A A AL 1Y)
S WA T AT ARSI 5 vk, FISH &5 RAIESE T
ORERRRTAE AL B 2 AN E R R R T IR A A E A
WK, stuttgartiensis” ; 203 & LG FRILH L B IR
Zh R ERERUNY 80% A7 (L 3).

N T HEYEK. stuttgartiensis” FEAERT5 6 1 AL
FETEOL, R FISH 2:4F S #5528z 1 1id 72
T RS 2 A TR 1Y B AR AR AT T R ER A, 43031
B Plad6 I Kst1275 R S AR X [l — 35 Je i i 2
TR W IRUEY R K. stuttgartiensis” ) FISH 5Z
55, [R B R4 T DAPI Ye{t, | L Plad6,/DAPI il Kst1275/
DAPL 1 LU AE R AE W] — 4% i vb P2 25 0 T 1 i A )
“K. stuttgartiensis” 71506 T AIFHXT F B, N A iz
172 a JFWIREE A A58 FISH 25 B an/E 4 Fros,

anaerolimosa ”

anaerolimosa”

IRrobe)Bla46]

Brobe)Ks1273)

IRla46

Dheho Rtl27S

A&B:H FiFR R, C&D: S HIFR R 1&2 [l B | JORL
2R J 5 R4EE plad6 K kst1275 N Cy3 FRiT; HEBIR 10 um
B3 RESFWET R H&S # FISH £
Fig. 3 Fluorescence in situ hybridization of ANAMMOX enrichment
cultures H and S with Cy3-labled probes pla46 and Kst1275

15 Ve IO A W BE S R Plad6-Cy3 72 A28
(K4 A), W5HEE Kst1275-Cy3 7= R 9% (4
B) , B AL 15 e h v & T T 1 i £
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1, 2&3: fidHZE | RAIZ25C . DAPL 9EIEIE R 384 plad6 B kst1275 4 Cy3 #ric; AR 10 pm
4 EBf72a RESEWITIE S # FISH &7
Fig. 4 Fluorescence in situ hybridization of ANAMMOX sludge S with Cy3-labled probes pla46 and Kst1275 after two years of operation

EIRAEE AR K. stuttgartiensis™ . PEHL 5 MMFE
LT 115 Plad6/DAPI F1 Kst1275/DAPI 1 LE{H , 15
AT 2 a JE Ry IG5 VR h B R W AR W F K.
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