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Study of the structure and maturation process of the giant

virus, medusavirus
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Medusavirus is a giant virus discovered from a hot spring water in Japan using an
Acanthamoeba culture system, and is classified into an independent family because it
exhibits a characteristic capsid structure, behavior, and replication system. Medusavirus
especially does not form a viral factory and is replicated in the cytoplasm, while the
viral DNA duplicated in the host nucleus. However, details of the replication process
were unknown. Therefore, I investigated the details of the particle morphology of
medusavirus inside and outside the virus-infected amoeba cells using conventional
transmission electron microscopy (c-TEM) and cryo-electron microscopy (cryo-EM).

Observation of intracellular virus particles using c-TEM identified four types of
medusavirus particles (named pseudo-DNA-empty, DNA-empty, semi-DNA-full, and
DNA-full particles) that showed different proportions depending on the time after
infection. The pseudo-DNA-empty particles were filled with low-density materials
rather than viral DNAs, whereas the DNA-empty particles exhibited a completely empty
capsid. The semi-DNA-full particles were partially filled with viral DNA, whereas the
DNA-full particles were completely filled with viral DNA (Fig. 1). Since these four
types of particles were expected to represent each stage of the virus maturation process,
the virus-infected amoeba cells fixed every two hours were investigated by c-TEM to
clarify their number and localization. The results suggest that pseudo-DNA-empty
particles are initially generated randomly in cytoplasm, and transform into DNA-empty
particles by releasing internal scaffold proteins. The empty capsids then incorporate
viral DNA and become semi-DNA-full particles near the nucleus, eventually forming

DNA-full particles.



Cryo-EM of medusavirus outside the host cells showed the detailed capsid structures
of four types of particles. Further, cryo-electron tomography revealed that the internal
membrane of the DNA-empty and pseudo-DNA-empty particles has open structures,
suggesting that the structures are used for an exchange of the scaffold proteins and the
viral DNA during the maturation process. In addition, DNA-empty and DNA-full
particles were investigated by single-particle analyses of cryo-EM, and the maps
reconstructed at 21.5 A and 19.5 A resolutions (left panel in Fig. 2). A comparison of
the capsid structures between DNA-empty and DNA-full particles revealed that the
DNA-full particle was approximately 1 nm smaller than the DNA-empty particle.
Furthermore, block-based reconstruction method was performed for these particles to
extend the resolution; the icosahedral viral particles are divided into three blocks around
5, 3, 2-fold axes, respectively, and corrected individual defocus gradients within each
block. The resultant cryo-EM maps improved the resolutions to 7-10 A (right panel in
Fig. 2), and revealed the boundaries and their molecular interactions between the major
capsid proteins (MCPs) and the inner minor capsid proteins (mCPs) and between the
MCPs and the outer spikes, respectively. Under the 5-fold axis of the icosahedral capsid,
drastic conformation changes of the mCPs were observed with and without the internal
membrane in the DNA-empty particles, suggesting that the structural changes may
relate to form the open structure of the internal membrane. Compared to DNA-empty
particles, DNA-full particles lacked a part of the penton protein on the 5-fold axis,
proposing that the lacking was caused by the force of contraction of the internal
membrane. On the other hand, despite significant structural changes in the internal
membrane, the distance between the internal membrane and hooks, which are one of
mCP components located near the 2-fold axes, was unchanged in DNA-empty and DNA-
full particles. This suggested that the hook components play a crucial role in
maintaining the space surrounding by the internal membrane for the uptake of intact

viral DNA.



In this study, I clarified the maturation process of medusavirus by combining ¢c-TEM
of the medusavirus-infected amoeba cells and cryo-EM of medusavirus particles. C-
TEM using ultrathin sections of the virus-infected cells showed a medusavirus-specific
replication process that does not use a viral factory. Furthermore, cryo-EM revealed
detailed particle structure and conformational changes involved in the viral particle
maturation. The novel structure and maturation process of medusavirus provide new

insights into the structural and behavioral diversity of giant viruses.
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Figure 1. C-TEM images of four types of medusavirus infected in the amoeba cells
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Figure 2. Left: comparison of medusavirus particle structures between DNA-empty

and DNA-full particles. Right: magnified image of the 5-fold vertex.
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