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Scope of Research

We are interested in understanding the functioning and
evolution of biological systems at varying scales from tiny
microbes up to the Earth’s environment, by leveraging rap-
idly accumulating big data in life science and bioinformat-
ics approaches. We currently focus on 1) the evolution of
viruses and their links to the origin of life, 2) microbial
ecology in different ecosystems, and 3) the development of
bioinformatics methods and biological knowledge resourc-
es for biomedical and industrial applications. To fuel these
research activities, we take part in environmental sampling
campaigns such as 7ara Oceans. Our resources and devel-
oped tools are accessible through GenomeNet (www.
genome.jp) to scientific communities and the public.
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Topics

A Giant Virus Remodels the Host Nuclear
Environment

Medusavirus, a recently isolated giant virus, has a nucleo-
cytoplasmic replication cycle in amoebas during which the
host nuclear membrane apparently remains intact, a unique
feature among amoeba-infecting giant viruses. To investi-
gate its infection strategy, we performed a time course RNA
sequencing experiment. All viral genes were transcribed
and classified into five temporal expression clusters. The
immediate early genes (42 genes) were mostly (83 %) of
unknown functions, frequently (95 %) associated with a
palindromic promoter-like motif, and often (45 %) encoded
putative nucleus-localized proteins. These results suggest
massive reshaping of the host nuclear environment by
viral proteins at an early stage of infection. Genes in the
following clusters were assigned to various functional
categories. The different expression profile between viral
core histone genes and linker histone H1 gene suggests
that they have distinct roles during the course of the virus
infection. The transcriptional profile of the host Acanthamoeba
castellanii genes was greatly altered postinfection. This
work has been published in Zhang et al., Microbiol.
Spectr., 2021, doi: 10.1128/Spectrum.00064-21.
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Figure 1. Predicted subcellular locations of viral proteins.

A Motor Protein Gene Discovered in Giant Viruses

Nucleocytoplasmic large DNA viruses (NCLDVs) are a
group of giant viruses. A typical phage particle is 150 nm
and encapsulates a tens of thousands base pairs (bp)
genome. In contrast, Mimivirus, a member of NCLDVs, is
750 nm in diameter and possesses a genome over 1,000
kbp. Although most of phage genes are essential for their
replication and morphogenesis, NCLDVs sometimes encode
genes, such as actin genes, that are apparently non-essential
for their replication. In this study, we discovered myosin
genes, named “virmyosin”, from NCLDV genomes. Our
phylogenetic analysis revealed that some /mitervirales and
Phycodnaviridae encode virmyosin. Especially, virmyosin-
encoding Imitervirales are scattered in the phylogeny of
Imiternirales family. Further investigation suggested that
virmyosin of Imitervirales might have been recruited from
marine plankton. Additional study showed an incongru-
ence between the phylogenetic tree of NCLDVs and that of
virmyosins, which suggested that horizontal gene transfers
occurred not only between NCLDVs and eukaryotes but
also between members of NCLDVs for the actin gene. We
predicted the function of virmyosin in host cells based on
previous studies. It has been known that myosins are motor
proteins to walk along actin filaments, located at the pe-
ripheric side of cytoplasm. Some classes of myosin carry
specific materials such as influenza virus. We thus consider
that virmyosins may function as transporters of NCLDV
particles. This work has been published in Kijima et al.,
Front. Microbiol., 2021, doi: 10.3389/fmicb.2021.683294.
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Figure 2. Phylogenetic tree of myosin genes of NCLDVs and eukaryotes,

based on a maximum-likelihood framework. Color of each branch rep-
resents its taxonomic group (orange branches correspond to virmyosins).
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