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3. Research projects and annual reports

Energy is necessary to sustain life. Bioenergetics is an important scientific field, whose aim is how life changes energy into
a form that is easy to use and how it is used. ATP, the energy currency of life, is synthesized by ATP synthase, which exists
in mitochondria or in bacterial plasma membranes. The produced ATP is used in variety of biological processes, such as
muscle contraction, the synthesis and degradation of biomolecules. For example, the vacuolar proton ATPase (V-ATPase)
uses ATP to transport ions into vesicles which are responsible for various physiological phenomena through its acidification.
How molecular machines made up of tiny proteins converts the energy of ATP into transport and motion is a very interesting
question and one that needs to be solved in the life sciences. To understand the mechanism of these molecular machines, we
need to see its movement and shape. For this purpose, we have used single-molecule rotation observation and structural
biology with cryo-electron microscopy. Our final goal is to clarify and describe how living organism transform and use
energy to live.

On the other hand, the process by which life utilizes energy is likely related to aging and age-related diseases. Several
enzymes involved in energy metabolism are reported to be involved in life-span altering genes, and the amount of energy
intake itself determines lifespan. We have started to study the relationship between the intracellular concentration of ATP,
the energy currency, and lifespan using molecular imaging techniques. The results revealed a close relationship between
aging, anesthetic effects, and metabolic control and ATP levels in the individual. Thus, we are addressing the issues of aging,

lifespan and disease from the perspective of bioenergetics.

This year’'s accomplishments
1) Structure of the Vo domain of V/A-ATPase

Single particle analysis using cryo-EM is one of the most powerful methods for protein structure determination. With the

advent of direct electron detectors and the development of analytical techniques, we can easily determine the structure of
protein molecules, sometimes with near atomic resolution. In this study, we have determined the structure of the Vo part of
V-ATPase at atomic resolution using Titan Krios (FEI), which is equipped with an automated imaging system at Osaka
University. The hydrophilic V; part of V-ATPase has been desorbed, and the leakage of protons from the remaining Vo part
of V-ATPase was expected to be somehow prevented. The results of the present study reveal that the inhibition of proton
leakage is caused by a large structural change in the hydrophilic arm, which inhibits rotation. These results will be published

in the next year.CryoEM structure of V type ATP synthase.

2) Relationship between anesthetic action and ATP concentration change

The mitochondrial respiratory chain complex plays an important role in the synthesis of adenosine triphosphate (ATP), which
is required for various biological activities, but it has been reported that pharmacologically and genetically decreasing the
activity of the mitochondrial respiratory chain complex prolongs the lifespan of Caenorhabditis elegans. Therefore, we used
the MASC assay to search for inhibitors of mitochondrial ATP synthesis among 2,500 existing drugs to determine whether
they affect the lifespan of C. elegans. As a result, we found 8 inhibitors of ATP synthesis among 2500 existing drugs in

mammalian cells (Figure 1A). Furthermore, we found that these eight drugs also reduced ATP levels in C. elegans.
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1. Nakanishi Atsuko, Kishikawa Jun-ichi, Mitsuoka Kaoru, Yokoyama Ken  Cryo-EM studies of the rotary H*-
ATPase/synthase from Thermus thermophilus. (2019) Biophysics and Physicobiology 140-146
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