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Outline of the work:

Over the past 25 years, Dr. Keiji Tanaka has been engaged in first-class medical research aimed at elucidating the

divergent roles of proteolysis in the cells, with a special focus on the proteasome, a eukaryotic ATP-dependent protease

complex. He has made many break-through discoveries and world-renowned contributions to the structure, function,

and physiology of the proteasome. Summarized below are his contributions.

1. Structural and functional characterizations of the proteasome, a eukaryotic ATP-dependent protease

complex

Protein degradation plays a prominent role in the control of a diverse array of basic cellular activities by rapid and

unidirectional catalysis of biological reactions. In mid-1980’s, Dr. Tanaka was the first scientist to discover and

characterize in detail the unusually large multi-protease complex designated the ‘proteasome’. His success was in part

due to the use of various up-to-date biochemical, physicochemical, and molecular biological techniques, which led to

characterization of the structures of eukaryotic proteasomes, specifically in mammals. Subsequent studies found that

the proteasome is a highly sophisticated protein complex that comprises approximately 50 different subunits designed

to carry out selective, efficient, and processive hydrolysis of client proteins in an ATP-dependent fashion. Dr. Tanaka

added another milestone in his career when he recently discovered various proteasome assembling chaperones. This

discovery is important as it defines the possible mechanisms of proteasome assembly. He also introduced new

technology to analyze the mouse genome in order to define the biological functions of the proteasome. His research

addressed the importance of the proteasome, in conjunction with the ubiquitin system (representing a posttranslational

modifier serving as a degradation signal) in selective degradation of short-lived regulatory proteins as well as abnormal

proteins that must be eliminated from the cells.

2. Discovery and characterization of immunoproteasome and thymoproteasome

In 1994, the pioneer work of Dr. Tanaka led to the discovery of the ‘‘immunoproteasome’’ whose β1, β2, and β5

catalytic subunits are replaced by the structurally related and γ-interferon-induced β1i, β2i, and β5i, respectively. The

discovery was an important landmark in the understanding of the specialized functions of the immunoproteasomes in

immune responses as it defined their function as professional antigen processing enzymes. The discoveries did not end

there. He also identified recently another unique ‘‘thymoproteasome’’, which contains a novel catalytic subunit,

designated β5t, which is expressed exclusively in the thymus. More recently, he found that β5t-deficient mice

displayed severe impairment in CD8þ Tcell development, thus highlighting the importance of the thymoproteasome in

the thymic positive selection of the acquired immune system.
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3. In depth analysis of the ubiquitin and autophagy systems

On another front, Dr. Tanaka has continued his first-class research work in cell biology and mouse genetics to

define the role of familial Parkinson’s disease gene product, parkin as a ubiquitin-protein ligase, sugar-recognizing

ubiquitin ligase SCFFbs1 involved in the endoplasmic reticulum-associated degradation (ERAD) pathway, and autophagy

(a self-eating pathway). These studies will contribute to the creation of new bioscientific field and the development of

new therapies for many intractable diseases, such as cancers, infectious diseases, and neurodegenerative diseases. The

importance of such work can only be appreciated by realizing the ever increasing rates of these conditions in recent

years, especially in the elderly.
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