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Abstract

Abstract

Viruses are the most abundant and diverse components of marine environment.
Viruses have significant influences on marine biogeochemical and ecological
processes. In order to better understand the dynamic of viral abundance, we
performed a seasonal investigation on the abundance of virus in typical marine
estuarine environment. We also performed some virus-related studies on an important
marine bacterial group—Roseobacter, including Gene transfer agents (GTAs) and
prophages in Roseobacter genomes, bacteriophages which infect Rosecbacter. The
main outcomes include:

(1) Seasonal investigation of virus dynamic was conducted in the Yangtze river
estuarine area. Total viral abundance varied with season and location, ranging from
6.75%x10°-1.68x10"/ml. There was a close correlation between viral abundance and
bacterial abundance but not chlorophyll-a or other environmental parameters. Viral
abundance peaked in both summer and winter. However, the driving forces for the
two peaks were different, the summer viral abundance peak coupled with the
development of bacterial hosts, while the winter one seemed to be multi-factor
controlled. The high virus-containing freshwater discharge turned out to be the first
factor contributing to the high winter viral abundance in winter.

(2) The genetic diversity of Roseobacter and Rhodobacter was studied in
Chesapeake Bay by using a specific PCR primer set targeting the conserved GTA
major capsid protein gene (g5). Four g5 clone libraries were constructed from
microbial assemblages representing different regions and seasons of the bay. In total,
12 g5 clusters could be identified among 158 clones. The composition of g5
sequences varied dramatically along the bay, and a distinct Roseobacter population
composition between winter and summer was observed. The congruence between g5
and 16S rRNA gene phylogenies indicates that g5 may serve as a useful genetic
marker to investigate diversity and abundance of Roseobacter in natural environments.
The presence of g5 gene in the natural populations of Roseobacter and Rhodobacter

implies that genetic exchange through GTA transduction could be an important
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mechanism for maintaining the metabolic flexibility of these bacteria groups.

(3) A “hidden” prophage (ISM-prol) was identified in Roseovarius nubinhibens
ISM genome by using genomic analysis method. We demonstrated that ISM-prol is
an inducible and functional prophage by using DNA and protein approaches.
Genomic analysis and reannotation showed that most of the ISM-prol open reading
frames (ORFs) display the highest sequence similarity with Rhodobacterales bacterial
genes and some ORFs are only distantly related to genes of other known phages or
prophages. Comparative genomic analyses indicated that ISM-prol-like prophage
structures are also present in other Rhodobacterales genomes. In addition, the lysis of
ISM by ISM-prol appeared to increase the production of GTAs. Our study suggests
that a combination of in silico genomic analyses and experimental laboratory work is
needed to fully understand the lysogenic features of a given bacterium.

(4) Four Roseophages that infect Silicibacter pomeroyi DSS-3 and Sulfitobacter
sp. EE-36 were isolated and characterized in terms of morphology, genome size,
protein fingerprint, host range and growth curve. Among these Roseophages, three are
podoviruses, the other one is siphovirus. All these Roseophages are host specific.
SDS-PAGE and PFGE analysis showed that three podoviruses have similar protein
fingerprinting profiles and genome sizes. However, restriction enzyme digestion
profiles showed that these Roseophages are different from each other.

(5) The genomes of DSS3®2 and EE36®1 were sequenced and analyzed.
Overall, the two Roseophages are highly closely related and they both resemble
bacteriophage N4 in terms of genomic structure. The genome sizes of DSS3®2 and
EE36d1 are 74.6 and 73.3 kb, respectively. Both ophages contain 26 N4-like genes,
including a large virion-encapsidated RNA polymerase gene (> 10 kb), a conserved
DNA replication module, DNA metabolism genes, structural genes and some other
genes. Both phages possess several genes that are most similar to the genes in
roseobacters. This is the first report of N4-like phages infecting marine bacteria and

the second report of N4-like phage since the discovery of phage N4 40 years ago.

Key words: Marine virus; Roseobacter; Prophage; Gene transfer agent; Roseophages
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