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Complete Genome Sequence of Hyphomicrobium nitrativorans Strain
NL23, a Denitrifying Bacterium Isolated from Biofilm of a Methanol-
Fed Denitrification System Treating Seawater at the Montreal
Biodome

Christine Martineau, Céline Villeneuve, Florian Mauffrey, Richard Villemur

INRS-Institut Armand-Frappier, Laval, Québec, Canada

Hyphomicrobium nitrativorans strain NL23 has been isolated from the biofilm of a denitrification system treating seawater. This
strain has the capacity to denitrify using methanol as a carbon source. Here, we report the complete genome sequence of this
strain in an effort to increase understanding of the function of this bacterium within the biofilm.
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Members of the genus Hyphomicrobium (class Alphaproteo-
bacteria) are restricted facultative methylotrophs that repro-

duce by budding at the tip of a polar prostheca (1). They are
ubiquitous in water and soil but can also be found in sewage treat-
ment plants. Some strains are characterized by their denitrifica-
tion capacities (2–5). Genome sequences are publicly available for
Hyphomicrobium denitrificans ATCC 51888 (6), Hyphomicrobium
denitrificans 1NES1 (7), Hyphomicrobium sp. strain MC1 (8), and
Hyphomicrobium zavarzinii ATCC 27496 (GenBank accession
number ARTG00000000). In previous work, we isolated strain
NL23 from the denitrifying biofilm of a methanol-fed denitrifica-
tion system treating the seawater of the St. Lawrence mesocosm at
the Montreal Biodome, Canada (9). The strain was recently de-
scribed as a new species, and the name Hyphomicrobium nitrativ-
orans has been validated (10). Here, we report the complete ge-
nome sequence of this strain, which we determined in an effort to
understand the function of this bacterium within the denitrifying
biofilm from which it was isolated.

Sequencing of the genome was performed using the Roche
Genome Sequencer FLX system and titanium chemistry (paired
ends with an insert size of 8 kb). Primary assembly of the sequenc-
ing reads was carried out with Newbler gsAssembler v 2.5.3
(Roche) to generate scaffolds from the 454 paired-end library. A
total of 354,899 reads were obtained (104,886 with paired-end
reads), for 22� coverage of the genome. After multiple rounds of
gap-closing steps using CONSED version 20.0 (11), a single contig
was obtained. The genome sequencing and assembly were per-
formed at the Plateforme d’Analyses Génomiques of the Institut
de Biologie Intégrative et des Systèmes (IBIS-Université Laval,
Québec, Canada). Nucleotide sequences of 19 remaining gaps (17
to 365 nt) in the genome sequence were determined by our group
using PCR and Sanger sequencing of both strands. Genome anno-
tation was added by the NCBI Prokaryotic Genome Annotation
Pipeline (release 2013).

The complete genome sequence of Hyphomicrobium nitrativ-

orans NL23 is composed of a single chromosome of 3,653,837 bp,
with a GC content of 63.8% and 3,469 putative genes. There are 3
rRNA operons (5S, 16S, and 23S), 49 tRNAs, and 1 noncoding
RNA. Crucial genes linked to denitrification, methylotrophy, and
assimilation of formaldehyde by the serine pathway were identi-
fied (10).

The genome of H. nitrativorans NL23 was compared to the
genome of its closest relative, H. zavarzinii ATCC 27496. The later
has a genome with 4,651,795 bp and 4,350 genes. Sequence-based
comparison of the two genomes in RAST (Rapid Annotation us-
ing Subsystem Technology) (12) identified 2,687 orthologous
genes with an overall identity of 73.85% (amino acid sequence).
An average nucleotide identity (ANI) of 82.48% was also calcu-
lated between the two genomes (http://enve-omics.ce.gatech.edu
/ani/index) (13). Together with phenotypic characteristics and re-
sults from DNA-DNA hybridization (10), genomic comparison
further confirms that the two strains belong to distinct species.

Nucleotide sequence accession number. The genome se-
quences and annotations of Hyphomicrobium nitrativorans strain
NL23 have been deposited in GenBank under accession number
CP006912.
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