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Genome Sequences for Three Denitrifying Bacterial Strains Isolated
from a Uranium- and Nitrate-Contaminated Subsurface Environment
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Genome sequences for three strains of denitrifying bacteria (Alphaproteobacteria—Afipia sp. strain INLS2 and Hyphomicro-
bium denitrificans strain 1NES1; Firmicutes—Bacillus sp. strain INLA3E) isolated from the nitrate- and uranium-contaminated
subsurface of the Oak Ridge Integrated Field Research Challenge (ORIFRC) site, Oak Ridge Reservation, TN, are reported.

Received 23 May 2013 Accepted 28 May 2013 Published 5 July 2013

Citation Venkatramanan R, Prakash O, Woyke T, Chain P, Goodwin LA, Watson D, Brooks S, Kostka JE, Green SJ. 2013. Genome sequences for three denitrifying bacterial strains
isolated from a uranium- and nitrate-contaminated subsurface environment. Genome Announc. 1(4):e00449-13. doi:10.1128/genomeA.00449-13.

Copyright © 2013 Venkatramanan et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 3.0 Unported license.

Address correspondence to Stefan J. Green, GreenDNA@uic.edu.

itrate is a key groundwater contaminant at nuclear legacy

sites such as the Oak Ridge Integrated Field Research Chal-
lenge (ORIFRC) site, Oak Ridge Reservation, TN, where nitrate
concentrations can exceed hundreds of millimoles (1). To better
understand the denitrification capacity of the bacterial commu-
nity, we isolated bacteria from the site under denitrifying condi-
tions (2). Bacteria from five genera were isolated (Afipia, Hypho-
microbium, Rhodanobacter, Intrasporangium, and Bacillus).
Genome sequences from Rhodanobacter isolates have been de-
scribed previously (3). Here, we present the complete or nearly
complete genomes of three additional denitrifying bacteria iso-
lated from the ORIFRC site (2).

Genomic DNA was extracted using the Bacterial CTAB Pro-
tocol provided by the Joint Genome Institute. Genome se-
quence data were generated using paired-end Illumina and
Roche 454 mate-pair sequencing and manual finishing steps,
essentially as described previously (e.g., reference 4). Sequence
data were assembled using NEWBLER v.2.3, and the Phred/
Phrap/Consed software was used for assembly and quality as-
sessment in the finishing process. Annotation was performed
using NCBI’s Prokaryotic Genomes Automatic Annotation
Pipeline (PGAAP).

Afipia sp. strain INLS2 (with 99% small-subunit [SSU] rRNA
gene sequence similarity to A. felis ATCC 53690 [accession no.
AGWZ01000001]) was grown with at least 25 mM nitrate under
denitrifying conditions, and it reduced nitrate to nitrogen gas. The
draft genome is composed of 10 contigs totaling 3,971,756 bases
(N5, 612,490 bases; maximum contig length, 1.78 Mb). GC content
is 61.3%, and 3,876 putative genes were identified. A single rRNA
operon and 50 tRNA genes were detected. Genes for complete deni-
trification to N, were identified, including genes encoding nitric and
nitrous oxide reductases. Nitrate and nitrite reductase genes were
similar to those in strain ATCC 53690, but no nitric or nitrous oxide
reductase genes were identified in ATCC 53690.

Hyphomicrobium denitrificans strain 1INES1 (with 99.7% SSU
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rRNA gene sequence similarity to H. denitrificans ATCC 51888
[accession no. CP002083]) reduced nitrate to nitrogen gas and did
not accumulate nitrous oxide during growth under denitrifying
conditions. Growth was markedly slower for H. denitrificans than
for Afipia and Bacillus strains. The complete genome is composed
of a single chromosome of 3,808,687 bases, with a GC content of
59.7% and 3,778 putative genes. A single rRNA operon and 47
tRNA genes were detected. Genes for complete denitrification to
N, were identified.

Bacillus sp. strain INLA3E (with 98% rRNA gene sequence
similarity to B. bataviensis [accession no. AJLS01000166]) re-
duced nitrate to nitrous oxide; no nitrogen gas was produced. The
complete genome is composed of a single chromosome of
4,815,602, with a GC content of 38.0% and 4,833 putative genes.
Twelve rRNA operons and 88 tRNA genes were identified. Some
denitrification genes were identified through automated annota-
tion (e.g., nitrate reductase, periplasmic, large subunit, napA; ni-
tric oxide reductase, qnorB). A gene for a putative copper-
containing nitrite reductase was identified by comparative BLAST
analysis but not through automated annotation (i.e., locus tag
BINLA3E_19505). Genes potentially involved in nitrous oxide
reduction were identified (n0sL, nosD), but no other nitrous oxide
reductase genes were detected.

Nucleotide sequence accession numbers. The genome se-
quences were deposited in GenBank under the following accession
numbers: Bacillus sp. strain 1INLA3E, CP005586; Hyphomicro-
bium denitrificans strain 1INES1, CP005587; and Afipia sp. strain
INLS2, ADVZ00000000.
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