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Background: The “giant viruses” are exceptionally large physical size viruses, which
are larger than small bacteria. They also have a much larger genome (>100 kilobases
(kb)) than other viruses and contain many genes (> 50 genes) not found in other viruses.
Giant viral particles are composed of a lipid bilayer covering viral DNA and a protein
shell called capsid or tegument. Capsid and tegument show various structures. Although
the recent development of cryo-electron microscopy (cryo-EM) has revealed the
structures of many protein complexes and viruses at near-atomic resolution, structural
studies of giant virus are scarce. It is because of the large particle size (> 200 nm) that
is not suitable for observation with general cryo-EM with an accelerating voltage of
300kV or less. In this study, I use 1MV high-voltage cryo-electron microscope (cryo-
HVEM) for single particle analysis (SPA) to investigate the structure of a giant virus at
a higher resolution, and elucidate how the giant virus capsid is stably maintained and
functionally used for viral infection. Theoretically, using cryo-HVEM, images of large
specimens can be obtained at higher resolution.

Methods: 1 MV cryo-HVEM (JEM-1000EES, JEOL) installed in Osaka University was
used for single particle structural analysis (SPA) of an icosahedral giant virus,
tokyovirus (~250 nm), which is a species of Marseilleviridae. Tokyovirus was cultured
with a Acanthamoeba castellanii cells and harvested. Then, purified virus particles were
plunged frozen on holy-carbon supported EM grids for cryo-HVEM observation. SPA

of cryo-HVEM images was performed by RELION 3.1 software. A homology model of



the major capsid protein (MCP) was built based on the amino acid sequence and fitted
into the cryo-EM map to annotate the protein volume.

Results: the structure of tokyovirus was reconstructed at 7.7 A resolution from 1,182
particles from totally 304 images by imposing icosahedral symmetry. Tokyovirus mainly
consisted of four layers surrounding central viral DNA; externally, MCP arrays, minor
capsid protein (mCP) network, scaffold protein component (ScPC), and internal
membrane. The tokyovirus capsid exhibited a novel mCP network, supporting the outer
MCP, which were structurally classified into eight protein components. Based on their
role, these components are named lattice protein component, support protein component,
cement protein component, zipper protein component, glue protein component, and
pentasymmetron protein components a, B, y. In addition, newly identified scaffold
protein component (ScPC) makes a bridge between 5-fold vertices, stabilizing mCPs
and internal nuclear membrane. A homology model of the tokyovirus MCP fitted into
the cryo-EM map reveled that a cap structure exists above the MCP trimer. PAS staining
of SDS-PAGE gel of tokyovirus particles showed the presence of a glycosylated protein
of approximately 14kDa.

Discussion: In this study, I used 1 MV cryo-HVEM to investigate the structural of
tokyovirus, overcoming the resolution limit imposed by the depth-of-field effect of very
large objects. The 3D structure at 7.7 A resolution showed the highest resolution of a
giant virus larger than 200 nm without the block-based reconstruction technique. The
mCP network of tokyovirus was complex compared to other structurally know giant
viruses such as PBCV-1 and ASFV. Since the tokyovirus capsid (T = 309) is
considerably larger than that of PBCV-1 (T = 169) and ASFV (T = 277), it suggests that
the larger capsid is necessary to be maintained by the more complex system of mCPs
than these viruses. ScPCs running between the 5-fold vertices were directly interacting
with the internal membrane extrusion at both ends. ScPCs may played a role in forming

the membrane extrusion located under the 5-fold vertices, which is uniquely observed



in this virus family. The cap structure identified on the MCP trimer was suggested to be
glycosylated and play a role in host cell recognition, particularly inducing the bunch
formation in other lineages of the Marseilleviridae tfamily.

Conclusion: I performed SPA of the entire tokyovirus particle using 1 MV cryo-HVEM
and revealed the 3D structure of tokyovirus at 7.7 A resolution. The result showed that
1 MV cryo-HVEM has a potential for structural analysis of large biological specimens
such as giant viruses. The 1MV cryo-HVEM SPA is technically not sufficient for
hardware and software for higher resolution at present, but solving current problems
will make it a useful tool for analyzing the structure of the large biological specimens

in the future.
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