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Outline of the work:

All the functions of living organisms are realized by biological macromolecules, such as proteins and nucleic acids, 
and their assemblies. They are literally nanomachines that form dynamic networks of material transfer, energy conver-
sion and information processing in the cells. Biological nanomachines are distinct from man-made machines in that 
they are flexible, well regulated and highly energy efficient, working properly even at an extremely low energy level 
close to thermal noise. Understanding how they assemble and interact with one another to carry out highly well-regulat-
ed energy transduction and information processing is important in understanding how all the intricate cellular functions 
are achieved. Prof. Keiichi Namba has focused on nanomachines, such as tobacco mosaic virus, the bacterial flagellar 
motor and muscle actin filament, and has revealed the mechanisms of self-assembly and sophisticated functions with 
extremely high-energy efficiency by developing and applying techniques of X-ray diffraction and electron microscopy 
to carry out three-dimensional (3D) structural analyses of these nanomachines at atomic resolution.

In early to mid 1980s, Prof. Namba devised and developed a new method of X-ray fiber diffraction analysis and ap-
plied it to the structural analysis of tobacco mosaic virus, a rod-shaped plant virus. The atomic resolution structural 
analysis of a non-crystalline specimen was itself unprecedented, but this structure also provided an atomic-level mecha-
nistic understanding of virus assembly and disassembly regulated by the association and dissociation of protons to their 
specific binding sites made of carboxyl groups of neighboring molecules of the virus coat protein. Prof. Namba also de-
veloped state-of-the-art computer graphic programs at that time to produce beautiful figures for comprehensible expla-
nations of the virus assembly/disassembly mechanism, aimed not only to scientific fields but also to the general public.

In the late 1980s, Prof. Namba initiated studies on the bacterial flagellum, a motile organelle made of a rotary motor 
and a helical propeller used by many bacteria to swim through liquid environments. The bacterial flagellum is a huge 
macromolecular complex composed of about 30 different proteins, each of which self-assembles to form sub-structures 
with a few to a few tens of thousand copies of subunits. Prof. Namba and his group analyzed the structures of different 
parts of the flagellum and revealed an extremely precise, sub-angstrom level mechanical switch in the structure of fla-
gellin that is essential for polymorphic supercoiling of the filament to build the helical propeller and make it switch be-
tween left- and right-handed forms for bacterial behaviors called taxis. Based on the 3D structures, one after another he 
unraveled various mechanisms of the flagellum, such as the promotion of flagellar protein assembly by the distal cap, 
the universal joint motion of the hook that connects the motor and helical propeller, the left-right handedness switch of 
the filament, and the translocation of flagellar proteins by the type 3 protein export apparatus in the flagellar basal body. 
Such studies also revealed the mechanism of type 3 protein export in which the energy is not provided by ATP hydroly-
sis as had long been thought but by proton motive force across the cytoplasmic membrane. This unexpected result ad-
vanced the mechanistic understanding of type 3 virulence protein secretion by bacterial pathogens, such as Salmonella 
and Shigella. He also developed various methods of electron cryomicroscopy and image analysis and succeeded in 
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solving the atomic structure of the flagellar filament. This achievement marked an important milestone in structural bi-
ology, demonstrating for the first time that it is possible to solve the atomic structures of biological macromolecular as-
semblies without crystallizing the target specimen. This is potentially a very powerful method in that there is no need 
for crystallization and even a solution specimen as little as 0.1 ml can be used to visualize the structure. This technolog-
ical development stimulated the interest of molecular biologists all over the world by demonstrating the potential power 
of electron cryomicroscopy and image analysis as a basic technique for future biological sciences. 

The biggest problem in the structural analysis of biological macromolecular complexes by electron cryomicroscopy 
is that it takes months or even years to collect many high-quality images and carry out precise image analysis to recon-
struct high-resolution 3D images. Prof. Namba and his group made key technical advances to shorten this period to sev-
eral days, turning the once-slow method into a remarkably high-throughput one. High-resolution structure of muscle 
actin filament, for example, had been elusive despite intensive efforts made by many groups over a few decades be-
cause of its thin, flexible structure. Now, the newly developed method allows the secondary structures of actin in the fil-
ament structure to be visualized within a week from data collection to the 3D image reconstruction. This has moved the 
field of structural biology into a completely new era.

Prof. Namba has been highly recognized within the international community as indicated, for example, by the many 
keynote lectures he has delivered at international meetings. There is no doubt that he will continue to be a leading figure 
well into the future. Many of his achievements have been highly recognized as news topics, not only in international re-
search journals but also in magazines and the TV media, for the public in the US and Europe as well as in Japan. He has 
been awarded many prizes, such as the Osaka Science Prize and the Biophysical Society Founders Award as the first 
Japanese to receive it, as well as honors such as Associate Member of the European Molecular Biology Organization 
and Fellow of American Academy of Microbiology. These achievements and international recognitions undoubtedly 
qualify him for the Japan Academy Prize.

References

 1.  Namba, K., Caspar, D.L.D. & Stubbs, G. (1985) Computer Graphics Representation of Levels of Organization in 
Tobacco Mosaic Virus Structure. Science 227, 773-776.

 2.  Namba, K. & Stubbs, G. (1986) Structure of Tobacco Mosaic Virus at 3.6 Å Resolution: Implications for Assembly. 
Science 231, 1401-1406.

 3.  Namba, K., Pattanayek, R. & Stubbs, G. (1989) Visualization of Protein-Nucleic Acid Interactions in a Virus: Re-
fined Structure of Intact Tobacco Mosaic Virus at 2.9 Å Resolution by X-ray Fiber Diffraction. J. Mol. Biol. 208, 
307-325.

 4.  Namba, K., Yamashita, I. & Vonderviszt, F. (1989) Structure of the Core and Central Channel of Bacterial Flagella. 
Nature 342, 648-654.

 5.  Vonderviszt, F., Aizawa, S.-I. & Namba, K. (1991) Role of the Disordered Terminal Regions of Flagellin in Fila-
ment Formation and Stability. J. Mol. Biol. 221, 1461-1474.

 6. �Akiba, T., Yoshimura, H. & Namba, K. (1991) Monolayer Crystallization of Flagellar L-P Rings by Sequential Ad-
dition and Depletion of Lipid. Science 252, 1544-1546.

 7.  Mimori, Y., Yamashita, I., Murata, K., Fujiyoshi, Y., Yonekura, K., Toyoshima, C. & Namba, K. (1995) The Struc-
ture of the R-type Straight Flagellar Filament of Salmonella at 9 Å Resolution by Electron Cryomicroscopy.  
J. Mol. Biol. 249, 69-87.

 8.  Yamashita, I., Hasegawa, K., Suzuki, H., Vonderviszt, F., Mimori-Kiyosue, Y. & Namba, K. (1998) Structure and 
Switching of Bacterial Flagellar Filament Studied by X-ray Fiber Diffraction. Nature Struct. Biol. 5, 125-132.

 9.  Yonekura, K., Maki, S., Morgan, D.G., DeRosier, D. J., Vonderviszt, F., Imada, K. & Namba, K. (2000) The Bacte-
rial Flagellar Cap as the Rotary Promoter of Flagellin Self-Assembly. Science 290, 2148-2152.



6

10. �Namba, K. (2001) Roles of Partly Unfolded Conformations in Macromolecular Self-Assembly. Genes to Cells 6, 
1-12.

11. �Samatey, F. A., Imada, K., Nagashima, S., Kumasaka, T., Yamamoto, M., Vonderviszt, F. & Namba, K. (2001) 
Structure of the Bacterial Flagellar Protofilament and Implication for a Switch for Supercoiling. Nature 410, 331-
337.

12. �Yonekura, K., Maki-Yonekura, S. & Namba, K. (2003) Complete Atomic Model of the Bacterial Flagellar Filament 
by Electron Cryomicroscopy. Nature 424, 643-650.

13. �Samatey, F. A., Matsunami, H., Imada, K., Nagashima, S., Shaikh, T. R., Thomas, D. R., Chen, J. Z., DeRosier, D. J. 
& Namba, K. (2004) Structure of the Bacterial Flagellar Hook and Implication for the Molecular Universal Joint 
Mechanism. Nature 431, 1062-1068.

14. �Minamino, T. & Namba, K. (2008) Distinct Roles of the ATPase and Proton Motive Force in Bacterial Flagellar 
Protein Export. Nature 451, 485-488.

15. �Fujii, T., Kato, T. & Namba, K. (2009) Specific Arrangement of α-helical Coiled Coils in the Core Domain of the 
Bacterial Flagellar Hook for the Universal Joint Function. Structure 17, 1485-1493.

16. �Maki-Yonekura, S., Yonekura, K. & Namba, K. (2010) Conformational Change of Flagellin for Polymorphic Su-
percoiling of the Flagellar Filament. Nature Struct. Mol. Biol. 17, 417–422.

17. �Nakamura, S., Kami-ike, N., Yokota, J. P., Minamino, T. & Namba, K. (2010) Evidence for Symmetry in the Ele-
mentary Process of Bidirectional Torque Generation by the Bacterial Flagellar Motor. Proc. Natl. Acad. Sci. USA 
107, 17616-17620.

18. �Fujii, T., Iwane, A. H., Yanagida, T. & Namba, K. (2010) Direct Visualization of Secondary Structures of F-actin by 
Electron Cryomicroscopy. Nature 467, 724-728.

19. �Ibuki, T., Imada, K., Minamino, T., Kato, T., Miyata, T. & Namba, K. (2011) Common Architecture of the Flagellar 
Type III Protein Export Apparatus and F- and V-type ATPases. Nature Struct. Mol. Biol. 18, 277-282.

20. �Minamino, T., Morimoto, Y.V., Hara, N. & Namba, K. (2011) An Energy Transduction Mechanism Used in Bacte-
rial Flagellar Type III Protein Export. Nature Commun. 2, 475 (9pp). 

21. �Fujii, T., Cheung, M., Blanco, A., Kato, T., Blocker, A. & Namba, K. (2012) Structure of a Type III Secretion Nee-
dle at 7-Å Resolution Provides Insights into Its Assembly and Signaling Mechanisms. Proc. Natl. Acad. Sci. USA 
109, 4461-4466.


