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A marine phototrophic bacterium Rhodovulum sulfidophilum releases DNA and RNA into
extracellular milieu during growth. Extracellular nucleic acids are accumulated in culture
medium due to low activity of extracellular nucleases. Previously, we succeeded in producing
a streptavidin RNA aptamer and hammerhead ribozymes extracellularly by using this
bacterium. However, the mechanisms of extracellular nucleic acids excretion remain to be
elucidated. Extracellular nucleic acids excretions have been found in many bacterial species,
and its mechanism and physiological significance are divergent. Today, genome-wide
analysis is powerful tool for comprehensive understanding of organism’s property.
Unfortunately, genetic information of Rhodovulum sulfidophilum were insufficient for
genome-wide analysis. In this study, I conducted whole-genome sequencing and RNA-seq
analysis of Rhodovulum sulfidophilum to obtain insights into the mechanism of extracellular
nucleic acids excretion. In addition, I applied this mechanism to functional RNA production
method.

First, complete genome sequences and transcriptome analyses were performed on the type
strain DSM 1374”7 and closely related strain DSM 2351. These strains differ in many
phenotypes including cell aggregation (flocculation), alcohol metabolism, potential of
transformation and extracellular nucleic acids excretion. Genomic and transcriptomic
comparative analyses were expected to reveal genotype of the strains and strain-specific
genes that may related typical phenotypes. Chromosome of DSM 1374" and DSM 2351 were
circular with a size of 4,132,586 bp and 4,454,432 bp, respectively. Number of coding
sequences are 3,876 for DSM 1374" and 4155 for DSM 2351. Although two plasmids were
conserved in these strains, a unique plasmid was possessed in DSM 2351. The unique plasmid
is 60,897 bp and carrying a number of exopolysaccharide (EPS)-related genes. It is well
known that bacterial EPS are involved in many biological process, e.g. cell aggregation,
phage absorption, virulence and protection against antibiotics. Non-conserved regions
between two genomes seemed to be acquired by horizontal gene transfer or phage infection.
DSM 2351 harbored alcohol dehydrogenase, aldehyde dehydrogenase and restriction enzymes
coding genes in non-conserved regions. Both genomes contain prophage regions and
structural genes of gene transfer agent (GTA).

Second, GTA of DSM 1374" was subjected to study. GTAs are shaped like bacteriophage
particles that containing fragments of host genome. It is known that lysis of subpopulation of
bacteria is required to release GTA particle. Previously, we noticed that the extracellular
soluble DNA preparation from DSM 1374" contained approximately 4.5 kbp-long DNA,




which is similar in that related bacterium Rhodobacter capsulatus produces GTA containing
4.5 kbp DNA. As described above, orthologue of GTA structural genes were found in DSM
1374" genome. Electron microscopy revealed that DSM 1374”7 produces GTA-like particle
into culture medium. This GTA-like particle contained 4.5 kbp DNA that was random
fragment from genomic DNA. The 4.5-kbp DNA was not produced when the quorum sensing
inhibitor o-cyclodextrin was added into the culture. This result suggested that GTA-like
particle production are regulated by quorum sensing. These result suggested that releasing
GTA-like particle is associated extracellular nucleic acids excretion in the bacterium.

Third, extracellular nucleic acids excretion deficient mutant SNK001 was obtained from
DSM 1374" by long-term subculturing. Amount of extracellular DNA of SNKO001 was
decreased 30-fold as compared with DSM 1374". Genome sequencing and transcriptome
analysis were performed in the strain. In SNK001, three chromosomal regions with size of 33
kbp (region 1), 16 kbp (region 2) and 8.6 kbp (region 3), and Plasmid 2 were deleted.
Transcriptome analysis revealed that expression profile of SNK001 was massively altered
compared with DSM 1374". Both increased and decreased expression of genes were detected,
suggested that transcriptional regulator(s) were defected in SNKO0OI. To determine the genes
related to extracellular nucleic acids excretion, extracellular RNA from culture supernatant of
DSM 1374" was analyzed by high-throughput sequencing followed by compared with
intracellular RNAs. Although most RNAs were detected in intracellular and extracellular
samples equally, some RNAs were significantly abundant in extracellular samples. The
extracellular-specific RNAs were transcribed from chromosome regions containing deleted
region 3 of SNKOO1. This result suggested that extracellular nucleic acids excretion is
occurred by expression of specific genes located in or downstream of the deleted region 3.

Finally, I developed extracellular production-method of short hairpin RNAs (shRNAs)
using DSM 1374”7 and engineered plasmid. The shRNA contains a long stem and loop
structure which is usually thought to cause transcriptional termination or pause for bacterial
RNA polymerases. As a result, shRNAs are successfully produced extracellularly by this
system and the yield of the shRNA is almost the same as that of the streptavidin RNA
aptamer. ,

Altogether, this study provides genome sequence, expression profiles and
insight of extracellular nucleic acids excretion mechanisms of Rhodovulum
sulfidophilum. These achievements are excepted to improve functional RNA
production method using the bacterium.




