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Yong Guo,? " Tomo Aoyagi,® ‘’ Tomohiro Inaba,® Yuya Sato,® Hiroshi Habe,@ Tomoyuki Hori2

2Environmental Management Research Institute, National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, Ibaraki, Japan

Yong Guo and Tomo Aoyagi contributed equally to this work. Author order was determined in order of increasing seniority.

ABSTRACT Desulfuromonas sp. strain AOP6, with iron(lll)-reducing activity, was iso-
lated from subseafloor sediment in Nankai Trough. We report the complete genome
of this strain determined by lllumina MiSeq sequencing and PCR/Sanger sequencing-
based gap closing. The genome includes the genes encoding c-type cytochromes,
type IV pili, and fatty acid degradation enzymes.

icrobial dissimilatory iron(lll) reduction is an important anaerobic respiration

process (1-4). Some iron(lll)-reducing bacteria, such as Geobacter spp., can reduce
not only soluble ferric iron but also poorly crystalline Fe(lll) oxides (1, 5). However, the
mechanisms underlying electron transfer from microorganisms to crystalline Fe(lll)
oxides are largely unknown, partially because of the limited number of available
genome sequences. In our previous work, Desulfuromonas sp. strain AOP6 (formerly
described as Pelobacter sp. AOP6) was isolated from subseafloor sediment in Nankai
Trough using acetate and goethite (a-FeOOH) as the electron donor and acceptor,
respectively (6). The phylogenetically closest relative of this strain was Desulfuromonas
palmitatis (7), followed by Pelobacter acetylenicus (8) and Geoalkalibacter subterraneus
(9). Here, we determined the complete genome sequence of the strain by a two-step
assembly of the paired-end and mate pair reads. The gaps were further closed by PCR
and Sanger sequencing.

Strain AOP6 was anaerobically grown in a modified Widdel medium containing
acetate and ferric nitrilotriacetic acid [Fe(lll)-NTA] as the electron donor and acceptor,
respectively (6). The genomic DNA was extracted by a phenol extraction method,
including chemical cell lysis. A paired-end library (insert size, ~500 bp) and a mate pair
library (insert size, ~4,000 bp) were prepared using a NEBNext Ultra DNA library prep
kit for lllumina (New England BiolLabs, Ipswich, MA, USA) and a Nextera mate pair
sample prep kit (Illumina, San Diego, CA, USA), respectively (10). These two libraries
were sequenced with the lllumina MiSeq platform. The paired-end and mate pair
libraries yielded 1,965,922 and 897,788 250-bp paired-end reads, respectively. After a
preassembly read quality check using Sickle v1.33 (https://github.com/najoshi/sickle/
releases/tag/v1.33) with default settings, a two-step combination of the genome
assembly was performed. Briefly, the obtained sequence was preassembled using
Unicycler v0.4.8 (11) with default settings and then assembled using SPAdes v3.13.0
(12) with the option “trusted-contigs” (13). This resulted in one scaffold with a total size
of 3.27 Mbp. To obtain a complete genome sequence, the gaps within the scaffold were
closed by sequencing the PCR-amplified DNA fragments with a 3730xI DNA analyzer
(Applied Biosystems, Thermo Fisher Scientific, Waltham, MA, USA). Detailed information
about the PCR primer and conditions is provided at https://doi.org/10.6084/m9.figshare
.11912058.v1 and https://doi.org/10.6084/m9.figshare.11912082.v1.

The complete genome sequence of strain AOP6 consists of a 3,269,909-bp circular
chromosome (GC content, 56.44%; coverage, 191X). Two rrn operons, 2 CRISPR fea-
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FIG 1 Schematic spherical illustration of the complete genome of Desulfuromonas sp. strain AOP6. Ring 1, GC skew at 5-kb windows (red, >0; blue, <0); ring
2, GC content at 5-kb windows (yellow, >56.44%; green, <56.44%); ring 3, rRNA operons (red and blue) and tRNA loci (black); rings 4 and 5, predicted CDSs
transcribed in a counterclockwise/clockwise direction and colored by COG category; ring 6, CRISPR (orange), nitrogen fixating (green), and flagellar biosynthesis
(yellow) gene clusters; ring 7, scale in megabases. The red and blue circles next to rings 4 and 5 indicate the genes encoding c-type cytochromes and type IV
pili, respectively, and the gray circles indicate the genes responsible for fatty acid degradation. The positions of the dnaA-encoding chromosomal replication
initiator (bold italic) and the genes involved in the tricarboxylic acid (TCA) cycle (italic) are shown around the scale ring.

tures, 50 tRNA loci, and 3,000 protein-coding sequences (CDSs) were predicted using
the DDBJ Fast Annotation and Submission Tool (DFAST) v1.2.2 (14) with default settings
except for using Prodigal v2.6.3 for gene identification (Fig. 1). Functional predictions
of CDSs using the DFAST default reference database v1.1.5, TIGRFAMs v15.0, and the
NCBI Clusters of Orthologous Groups of proteins (COG) 2003-2014 database showed
that the genome of strain AOP6 possessed 31 and 71 CDSs for type IV pili and c-type
cytochrome biosynthesis, respectively. Some Geobacter spp. can produce type IV pili
that directly transport electrons to crystalline Fe(lll) oxides (15, 16). Moreover, the
genome possessed 20 genes responsible for fatty acid degradation, which was ex-
pected to be associated with Fe(lll) reduction (7). Additionally, the complete gene set
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for the tricarboxylic acid (TCA) cycle, as well as gene clusters for flagellar biosynthesis
and nitrogen fixation, were found in the genome. The information gleaned from the
complete genome reveals the ability of strain AOP6 to transfer electrons to Fe(lll), which
furthers our understanding of Desulfuromonas species-driven, carbon, and nitrogen
transformation in natural environments.

Data availability. The complete genome sequence of Desulfuromonas sp. strain

AOP6 has been deposited in DDBJ/ENA/GenBank under accession number AP022810.
The raw sequence reads for the paired-end and mate pair libraries are available at
accession numbers DRR194005 and DRR194004, respectively.

ACKNOWLEDGMENTS

This work was supported in part by Japan Society for the Promotion of Science

(JSPS) KAKENHI grants (numbers 16H05886, 18K18184, and 19H04244) and by research
grants from the Institute for Fermentation, Osaka (IFO), to T.A. and T.H.

REFERENCES

1.

Volume 9

Hori T, Mller A, Igarashi Y, Conrad R, Friedrich MW. 2010. Identification
of iron-reducing microorganisms in anoxic rice paddy soil by *C-acetate
probing. ISME J 4:267-278. https://doi.org/10.1038/ismej.2009.100.

. Lovley DR, Phillips EJ. 1986. Organic matter mineralization with reduc-

tion of ferric iron in anaerobic sediments. Appl Environ Microbiol 51:
683-689. https://doi.org/10.1128/AEM.51.4.683-689.1986.

. Nielsen JL, Juretschko S, Wagner M, Nielsen PH. 2002. Abundance and

phylogenetic affiliation of iron reducers in activated sludge as assessed
by fluorescence in situ hybridization and microautoradiography. Appl
Environ Microbiol 68:4629-4636. https://doi.org/10.1128/aem.68.9.4629
-4636.2002.

. King GM, Garey MA. 1999. Ferric iron reduction by bacteria associated

with the roots of freshwater and marine macrophytes. Appl Environ
Microbiol 65:4393-4398. https://doi.org/10.1128/AEM.65.10.4393-4398
.1999.

. Lovley DR, Holmes DE, Nevin KP. 2004. Dissimilatory Fe(lll) and Mn(IV)

reduction. Adv Microb Physiol 49:219-286. https://doi.org/10.1016/
S0065-2911(04)49005-5.

. Hori T, Aoyagi T, Itoh H, Narihiro T, Oikawa A, Suzuki K, Ogata A, Friedrich

MW, Conrad R, Kamagata Y. 2015. Isolation of microorganisms involved
in reduction of crystalline iron(lll) oxides in natural environments. Front
Microbiol 6:386. https://doi.org/10.3389/fmicb.2015.00386.

. Coates JD, Lonergan DJ, Philips EJP, Jenter H, Lovley DR. 1995. Desulfu-

romonas palmitatis sp. nov., a marine dissimilatory Fe(lll) reducer that
can oxidize long-chain fatty acids. Arch Microbiol 164:406-413. https://
doi.org/10.1007/BF02529738.

. Schink B. 1985. Fermentation of acetylene by an obligate anaerobe,

Pelobacter acetylenicus sp. nov. Arch Microbiol 142:295-301. https://doi
.org/10.1007/BF00693407.

. Greene AC, Patel BKC, Yacob S. 2009. Geoalkalibacter subterraneus sp.

Issue 12 e01325-19

nov., an anaerobic Fe(lll)- and Mn(IV)-reducing bacterium from a petro-
leum reservoir, and emended descriptions of the family Desulfuromon-
adaceae and the genus Geoalkalibacter. Int J Syst Evol Microbiol 59:
781-785. https://doi.org/10.1099/ijs.0.001537-0.

. Saika A, Koike H, Hori T, Fukuoka T, Sato S, Habe H, Kitamoto D, Morita

T. 2014. Draft genome sequence of the yeast Pseudozyma antarctica type
strain JCM10317, a producer of the glycolipid biosurfactants, man-
nosylerythritol lipids. Genome Announc 2:e00878-14. https://doi.org/
10.1128/genomeA.00878-14.

. Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving bacterial

genome assemblies from short and long sequencing reads. PLoS Com-
put Biol 13:e1005595. https://doi.org/10.1371/journal.pcbi.1005595.

. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,

Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV,
Vyahhi N, Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new
genome assembly algorithm and its applications to single-cell sequenc-
ing. J Comput Biol 19:455-477. https://doi.org/10.1089/cmb.2012.0021.

. Guo Y, Matsuoka Y, Miura T, Nishizawa T, Ohta H, Narisawa K. 2018.

Complete genome sequence of Agrobacterium pusense VsBac-Y9, a bac-
terial symbiont of the dark septate endophytic fungus Veronaeopsis
simplex Y34 with potential for improving fungal colonization in roots. J
Biotechnol 284:31-36. https://doi.org/10.1016/j.jbiotec.2018.07.045.

. Tanizawa Y, Fujisawa T, Nakamura Y. 2018. DFAST: a flexible prokaryotic

genome annotation pipeline for faster genome publication. Bioinformat-
ics 34:1037-1039. https://doi.org/10.1093/bioinformatics/btx713.

. Reguera G, McCarthy KD, Mehta T, Nicoll JS, Tuominen MT, Lovley DR.

2005. Extracellular electron transfer via microbial nanowires. Nature
435:1098-1101. https://doi.org/10.1038/nature03661.

. Lovley DR, Walker DJF. 2019. Geobacter protein nanowires. Front Micro-

biol 10:2078. https://doi.org/10.3389/fmicb.2019.02078.

mra.asm.org 3


http://getentry.ddbj.nig.ac.jp/getentry/na/AP022810
https://www.ncbi.nlm.nih.gov/sra/DRX184460
https://www.ncbi.nlm.nih.gov/sra/DRX184459
https://doi.org/10.1038/ismej.2009.100
https://doi.org/10.1128/AEM.51.4.683-689.1986
https://doi.org/10.1128/aem.68.9.4629-4636.2002
https://doi.org/10.1128/aem.68.9.4629-4636.2002
https://doi.org/10.1128/AEM.65.10.4393-4398.1999
https://doi.org/10.1128/AEM.65.10.4393-4398.1999
https://doi.org/10.1016/S0065-2911(04)49005-5
https://doi.org/10.1016/S0065-2911(04)49005-5
https://doi.org/10.3389/fmicb.2015.00386
https://doi.org/10.1007/BF02529738
https://doi.org/10.1007/BF02529738
https://doi.org/10.1007/BF00693407
https://doi.org/10.1007/BF00693407
https://doi.org/10.1099/ijs.0.001537-0
https://doi.org/10.1128/genomeA.00878-14
https://doi.org/10.1128/genomeA.00878-14
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.1016/j.jbiotec.2018.07.045
https://doi.org/10.1093/bioinformatics/btx713
https://doi.org/10.1038/nature03661
https://doi.org/10.3389/fmicb.2019.02078
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

