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Japan Academy Prize to:

Sakayu Shimizu
Emeritus Professor, Kyoto University
Visiting Professor, Toyama Prefectural University

for “Novel Microbial Functions, their Discovery
through Screening, and their Application in the
Large-Scale Production of Useful Compounds”

Outline of the work:

Microorganisms have survived on Earth for nearly four billion years, and their diversity
is immense. Their functions and products are highly varied. Dr. Sakayu Shimizu recognizes
the significance of these microbial communities as crucial resources. He has dedicated years
of research to exploring the wide-ranging, unknown capabilities of these microorganisms and
delving deep into their discoveries. His perspective revolves around using research findings to
benefit human life by unveiling the untapped potential of these microorganisms.

Dr. Shimizu first took on the challenge of researching lipid production by microorganisms,
choosing arachidonic acid, a physiologically crucial fatty acid for humans, as the target. In
the 1980s, when he began this research, it became clear that animals and plants cannot directly
produce arachidonic acid because certain enzymes are missing the synthesis pathway. It is widely
believed that microorganisms share the same biosynthetic pathways as plants. He examined
numerous microorganisms for their fatty acid profiles and eventually discovered that the fungus
Mortierella alpina accumulated oil containing arachidonic acid. The yield reached up to 600
mg/g of dried fungal biomass, with approximately 70% of the total fatty acids being arachidonic
acid. This discovery was highly significant as it demonstrated for the first time the existence
of microorganisms capable of directly producing arachidonic acid. Dr. Shimizu subsequently
established a method for the large-scale production of arachidonic acid-containing oil using this
fungus, which is now widely added as an essential component to infant formula, especially for
premature babies.

Dr. Shimizu continued to examine the biosynthetic pathway of polyunsaturated fatty acids
(PUFAs) in this fungus. He elucidated various biosynthetic pathways, successfully revealing
them in detail. Furthermore, he achieved individual induction of these pathways, demonstrating
the selective and comprehensive synthesis of 30 rare and valuable PUFAs. During the course
of his research, Dr. Shimizu also discovered the saturation reaction of linoleic acid’s double
bonds by lactic acid bacteria, unraveling the intricacies of this complex process. Additionally, he
revealed that sesamin, a component of sesame seeds, acts as a specific inhibitor of the enzyme
in the final stage of arachidonic acid synthesis. Dr. Shimizu’s series of pioneering studies have
given rise to a new industrial field known as “oil fermentation.”

Dr. Shimizu then embarked on the study of the enzymatic synthesis of optically active
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compounds. Choosing the production process of D-pantothenic acid as his target, he introduced
microbial reactions into the process of manufacturing its intermediate, D-pantolactone. He dis-
covered a novel enzyme, lactonohydrolase, in a Fusarium fungus. This enzyme selectively hy-
drolyzed only the D-form of DL-pantolactone, splitting it into D-pantoic acid and L-pantolactone.
The application of this fungus to the optical resolution of DL-pantolactone for the production
of D-pantothenic acid offers a new manufacturing method. This method has been applied on
an industrial scale, producing several thousand tons of D-pantothenic acid annually. The new
method resulted in an approximately 30% reduction in energy consumption and reduced various
environmental burdens compared with conventional chemical optical resolution methods. These
achievements are highly appreciated from the perspective of the current emphasis on sustainable
development goals.

Dr. Shimizu aimed constructed a versatile asymmetric reduction system capable of convert-
ing various ketones into optically active alcohols. He organized the gene library of the enzymes
responsible for the asymmetric reduction of various ketones obtained through screening. Then,
he designed recombinant Escherichia coli strain that expressed one of these enzymes along with
glucose dehydrogenase as an NAD(P)H regenerator. By using this engineered bacterial cell as a
biocatalyst, he successfully converted various prochiral ketone compounds into their correspond-
ing optically active alcohols, which had high reaction yields and optical purity. This method has
spread globally as an industrial synthesis approach for diverse optically active intermediates in
pharmaceutical synthesis.

Dr. Shimizu’s accomplishments have been documented in approximately 700 research pa-
pers. Moreover, he has received several prestigious awards for his work, including from the
American Oil Chemists’ Society, the Chemical Society of Japan, the Japan Society for Bio-
science, Biotechnology, and Agrochemistry, and the Engineering Foundation, USA, among oth-
ers. His contributions are highly esteemed both nationally and internationally. In addition, in
2022, he was honored as a Person of Cultural Merit in Japan.

As described above, Dr. Shimizu has made groundbreaking discoveries regarding novel mi-
crobial functions through his exploratory research. He has advanced academic studies based on
these findings and has successfully translated the outcomes into high-quality societal implemen-
tations, contributing significantly to the development of the biotechnology industry. His research
achievements are highly esteemed, and he is worthy of the Japan Academy Prize in recognition
of his outstanding contributions.
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