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Here we report the draft genome sequence of the bacterium Nonlabens ulvanivorans, which was recently isolated. To our knowl-
edge, this is the first published genome of a characterized ulvan-degrading bacterium. Revealing the ulvan utilization pathways
may provide access to a vast marine biomass source that has yet to be exploited.
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lvales (Chlorophyta) are worldwide-distributed green sea-

weeds (1). Species of the genus Ulva are the main contributors
to green tides, which have become an increasing economic and
environmental problem (2). Although the majority of biomass
washed ashore is of little use, the algae’s dry weight is constituted
of up to 54% carbohydrates (1). The main carbohydrate portion is
attributed to the sulfated polysaccharide ulvan, embedded in the
algal cell wall (3). Ulvan composition and structure have been
studied in depth for its varied polymeric properties and biological
activities (1, 3). L-Rhamnose 3-sulfate, b-glucuronic acid, L-iduronic
acid, and D-xylose are the main polymer building blocks, conven-
tionally distributed along the polymer as disaccharides (ulvano-
biuronic acid type A and B) (3).

Nonlabens ulvanivorans was isolated from the feces of the sea
slug Aplysia punctata, which feeds on Ulva (4). A novel ulvan lyase
was purified from an N. ulvanivorans batch culture, sequenced,
and heterologously overexpressed in Escherichia coli, and its ability
to depolymerize ulvan was characterized (5). Unsaturated
B-glucuronyl hydrolase, an ulvan-cleaving enzyme that digests the
particular oligosaccharides produced by the ulvan lyase, was
found in the vicinity of the ulvan lyase on the N. ulvanivorans
genome (6). The other enzymes required for complete saccharifi-
cation of the ulvan polysaccharide remain unidentified.

De novo sequencing of the ulvan-degrading N. ulvanivorans,
was conducted by the Technion LS & E. Infrastructure Unit, Israel.
DNA libraries were generated using an Illumina TruSeq DNA kit.
The libraries were diluted to 2 nM and run on an Illumina HiSeq
2000 at a final concentration of 8 pM in 100-bp (X2) paired-end
sequencing. Four samples were loaded into one lane to receive 58
million passed filter reads for each sample. Data were analyzed
using the de-novo assemblers AbySS (7) and Velvet (8). The final
draft comprises 45 contigs (longer than 200 bp), with a mean size
of 720,575 bp and a maximum length of 1,660,217 bp. The total
length of the genome was 3,220,243 bp with a mean GC content of
35% and an average coverage of approximately 1,933 X. Contig
annotation was conducted using the Rapid Annotations using
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Subsystems Technology (RAST) server (9). The final draft con-
tains 2,954 coding sequences (of which 1,752 possess annotated
functions and 1,202 are hypothetical proteins), 21 tRNA genes,
and 1 rRNA operon. The number of rRNA operons is consistent
with the number of rRNA copies estimated by the Ribosomal RNA
Database (rrnDB) for the family Flavobacteriaceae (between 1 and
6 copies) (10). A plasmid-partitioning gene, parA, was detected on
contig 98, which suggests the occurrence of a plasmid.

The first draft genome sequence of an ulvan-degrading bacte-
rium provides a major step toward the unveiling of other enzymes
that participate in Ulva degradation and Ulvales cell wall polysac-
charide utilization. Furthermore, it may allow for better charac-
terization and even modification of these untapped polysaccha-
rides in the near future.

Nucleotide sequence accession numbers. This whole-genome
shotgun project has been deposited at DDBJ/EMBL/GenBank un-
der the accession number JPJI00000000. The version described in
this paper is version JPJI01000000

ACKNOWLEDGMENTS

This research was supported by the Ministry of Science, Technology and
Space, Israel (to M.K.) and by grant 3-9711 from the Chief Scientist Office
of the Ministry of Science, Israel (to E.B.).

We also thank the LS & E. Infrastructure Unit at the Technion Israel
Institute of Technology, Israel. We would also like to thank Michael Abe-
les for his support to this work.

REFERENCES

1. Lahaye M, Robic A. 2007. Structure and functional properties of ulvan, a
polysaccharide from green seaweeds. Biomacromolecules 8:1765-1774.
http://dx.doi.org/10.1021/bm061185q.

2. Hiraoka M, Ichihara K, Zhu W, Ma J, Shimada S. 2011. Culture and
hybridization experiments on an Ulva clade including the Qingdao strain
blooming in the Yellow Sea. PLoS One 6:¢19371. http://dx.doi.org/
10.1371/journal.pone.0019371.

3. Robic A, Gaillard C, Sassi JF, Lerat Y, Lahaye M. 2009. Ultrastructure of
ulvan: a polysaccharide from green seaweeds. Biopolymers 91:652—664.
http://dx.doi.org/10.1002/bip.21195.

genomea.asm.org 1


http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00793-14&domain=pdf&date_stamp=2014-8-14
http://genomea.asm.org

2 genomea.asm.org

Kopel et al.

. Barbeyron T, Lerat Y, Sassi JF, Le Panse S, Helbert W, Collén PN. 2011.
Persicivirga ulvanivorans sp. nov., a marine member of the family Flavo-
bacteriaceae that degrades ulvan from green algae. Int. J. Syst. Evol. Micro-
biol. 61:1899-1905. http://dx.doi.org/10.1099/ijs.0.024489-0.

. Nyvall Collén P, Sassi JF, Rogniaux H, Marfaing H, Helbert W. 2011.
Ulvan lyases isolated from the flavobacteria Persicivirga ulvanivorans are
the first members of a new polysaccharide lyase family. J. Biol. Chem.
286:42063—42071. http://dx.doi.org/10.1074/jbc.M111.271825.

. Collén PN, Jeudy A, Sassi JF, Groisillier A, Czjzek M, Coutinho PM,
Helbert W. 2014. A novel unsaturated 8-glucuronyl hydrolase involved in
ulvan degradation unveils the versatility of stereochemistry requirements
in family GH105. J. Biol. Chem. 289:6199—-6211. http://dx.doi.org/
10.1074/jbc.M113.537480.

. Simpson JT, Wong K, Jackman SD, Schein JE, Jones S]J, Birol I. 2009.

Genome Announcements

ABYSS: a parallel assembler for short read sequence data. Genome Res.
19:1117-1123. http://dx.doi.org/10.1101/gr.089532.108.

. Zerbino DR, Birney E. 2008. Velvet: algorithms for de novo short read

assembly using de Bruijn graphs. Genome Res. 18:821-829. http://
dx.doi.org/10.1101/gr.074492.107.

. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma

K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman
AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch
GD, Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O.
2008. The RAST server: rapid annotations using subsystems technology.
BMC Genomics 9:75. http://dx.doi.org/10.1186/1471-2164-9-75.

. Lee ZM, Bussema C, Schmidt TM. 2009. rrnDB: documenting the num-

ber of rRNA and tRNA genes in bacteria and archaea. Nucleic Acids Res.
37:D489-D493. http://dx.doi.org/10.1093/nar/gkn689.

July/August 2014 Volume 2 Issue 4 e00793-14


http://genomea.asm.org

	Draft Genome Sequence of Nonlabens ulvanivorans, an Ulvan-Degrading Bacterium
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES


