
Molecular identification of anaerobic ammonia-oxidizing bacteria (Anammox) in batch
enrichment cultures from sludge and sediment samples

J. Cáliz1, A. Sànchez-Melsió1, G. Montserrat1, X. Vila1, M.D. Balaguer2, J. Colprim2

1Laboratory of Molecular Microbial Ecology, Instituteof AquaticEcology, Universityof Girona
2Laboratory of Environmental and Chemical Engineering (LEQUIA), Universityof Girona

The importance of Anaerobic Ammonia-Oxidizing bacteria (Anammox) has increased
recently due to the improvement of our knowledge about their contribution to N cycle, in 
both natural environments and N removal applications. LIFE-Environment project
CLONIC (CLOsing the NItrogen Cycle from urban landfill leachates by biological 
nitrogen removal over nitrite and thermal treatment) deals about the application of
Anammox for N removal in high ammonia-containing liquid wastes. Enrichment of
Anammox bacteria from sludge and sediment samples was one of the first aims of the
project. Their identification from enrichments with Anammox activity (detected by 
chemical analyses of N compounds) has been performed with molecular methods
(PCR, DGGE, FISH).

Enrichment cultures ���� Mineral medium composition ����

Composition of the mineral medium. Concentration of 
NH4

+ (10000ppm) and NO2
- (10000ppm) was

controlled with NH4Cl and NaNO2, respectively; both
solutions were prepared independently, and

additioned when it was necessary.

Enrichment batch cultures. Anammox enrichments
present a brownish colour instead of usual redish
colour.

Anammox cells from culture 3, hybridized
with the specific probe Amx820-Cy3

Progression of N compounds in SAC (6). Addition
of nitrite and ammonia is showed by the arrows

Progression of N compounds in SBR A sludge (10). 
Nitrite addition is showed by the arrow
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Anammox cells ����

Batch cultures were prepared with mineral medium for Anammox bacteria (modified from Van de 
Graaf et al. 1996) and selected samples of sediment and sludge as inocula.

Main N transformations in the cultures were identified from analyses of NO2
- and NO3

-, performed
by anionic chromatography (Methrom 761-Compact IC), and NH4

+ by destilation using a Büchi B-
324 instrument.

Anammox cells were visualized using a Confocal Scanning Laser Microscope after Fluorescence
In Situ Hybridization with Amx820-Cy3 specific probe.
DNA was extracted as described elsewhere (Lodhi et al. 1994) using a modified CTAB method. 

PCR was performed with primers Pla46f-Amx368r and Pla46f-Amx820r. A GC-clamp was added 
to the reverse primer for DGGE analysis. When Nested-PCR was necessary, primers Eub27f 
and Eub1492r were also used for the first PCR.
DGGE was performed in a polyacrylamide gel, from 20% to 80% of denaturing agent, during 16 
h at 100 V and 60ëC, using an INGENY phor U-2 equipment (Ingeny Int.). The gel was stained 
with EtBr and visualised with UV transillumination.
Main DNA bands were cut out from the gel and stored at -80ëC. DNA was extracted from the gel 
slices, amplified with specific primers, purified and sequenced. Finally, the sequences were 
analysed with Chromas software, similarities were calculated with the NCBI Blast program and a 
phylogenetic tree was constructed with Mega2 using neighbour-joining analysis with Tamura Nei.
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Pla46r/Amx820f Pla46r/Amx368

Electrophoresis agarose gel with PCR products obtained using
Anammox specific primers from enrichments 3 and 6 after incubation. 

Amplification was possible with direct PCR only from these DNA extracts.

The same sequences were obtained from both enrichments by direct
sequentiation of PCR products:

gi|5689605|emb|AJ131819.1| Anaerobic ammonium-oxidizing
planctomycete clone 14

gi|16506711|gb|AF375994.1| Candidatus Brocadia anammoxidans

gi|15594134|dbj|AB054006.1| Uncultured anoxic sludge bacterium KU1

NCBI Blast – 99% similarity
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Anammox(3): Progression of N compounds
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Denitrification Massona (5): N budget
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Denitrification Massona (5): Progression of N compounds
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Nitrification SBR B ("4"): N budget
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Nitrification SBR B ("4"): Progression of N compounds
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SBR A (10) Progression
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SAC (6) Progression
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N transformations in enrichment cultures ����

Anammox molecular screening of enrichment cultures ����
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AnammoxBatch 310

DenitrificationSBR sludgeA (anoxic)9

DenitrificationOris WWTP8

DenitrificationTaradell WWTP7

AnammoxSAC (artificial wetland)6

Denitrification (up to day 350)
Anammox (from day 350)

Massona (brackish coastal lagoon)5

NitrificationSBR sludgeB (oxic/anoxic)4#

Sulphate reductionSBR sludgeA (anoxic)3#

?SBR sludgeB (oxic/anoxic)4

AnammoxSBR sludgeA (anoxic)3

DenitrificationToplitzsee (freshwater lake)2

DenitrificationMangadel Mar Menor (harbour)1

Process identifiedInocula or iginCode

Conclusions ����

Chemical evidences and molecular detection of Anammox ����

1,25 ml/lTrace elements solution

0,007 mg/lEDTA·2H2O

0,012 mg/lFeSO4·7H20

0,165 mg/lMgCl2·6H20

0,3 mg/lCaCl2·2H20

0,025 mg/lKH2PO4

1,05 mg/lNaHCO3

DGGE gel with Nested-PCR products obtained using Eub primers and
Pla46f/Amx368r from several inocula and enrichments.

Numbers on the gel indicate DNA bands that have been successfully cut out 
and sequenced.

According to the phylogenetic tree, bands 32/33/34 belong to Anammox group, 
with a high similarity to Candidatus Brocadia Anammoxidans. Bands 1, 6/7, 25, 
27 spread across Planctomycetales phylogenetic branches. Other bands are 
related to sequences recovered from Bacterial environmental samples. 

* Sample obtained before Anammox activity was detected

According to a simultaneous removal of ammonia and nitrite and a low nitrate increase, 
Anammox activitiy has been detected in two batch enrichment cultures (3 and 6), obtained
respectively from an anoxic SBR sludge and a sediment sample from an artificial wetland.

The presence of Anammox bacteria in both cultures has been confirmed by PCR amplification
using specific Anammox primer pairs and hibridization with a fluorescent specific probe using
FISH techniques and CLSM.

Molecular screening by Nested-PCR and DGGE of both inocula and enrichments has allowed
the identification of a sequence retrieved from culture 3 (after incubation) as Candidatus
Brocadia anammoxidans.

Nested-PCR products contain some DNA fragments from unspecific amplifications, because
other Planctomycetales and unidentified Bacteria have been detected after DGGE and
phylogenetic analysis. 
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Primer Specificity Sequence (5’-3’) Reference

Eub27f Bacteria AGAGTTTGATCCTGGCTCAG Lane 1991

Eub1492f Bacteria ACGGTTACCTTGTTACGACTT Lane 1991

Pla46f Planctomycetales GGATTAGGCATGCAAGTC Neef, A., et al. 1998

Amx368r All Anammox organisms CCTTTCGGGCATTGCGAA
Amx820r                             Genera “Ca. Brocadia” and                  AAAACCCCTCTACTTAGTGCCC                   Schmid, M., et al. 2000
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