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DIVISION OF BIOINFORMATICS AND CHEMICAL GENOMICS

The phenomena of life are driven by well-regulat-
ed chemical reactions and equilibrium of many 
organic compounds. Abnormalities in this regula-
tion can cause disease, and organic compounds 
are often used as the medicine to treat disease. It is 
thus essential to understand the underlying organic 
chemistry of drug discovery and treatment of dis-
ease. Since highly effective medicines have 
already been developed for many druggable ther-
apeutic targets, we have to consider how to dis-
cover drugs for difficult-to-treat diseases. This chal-
lenging situation can be solved by making avail-
able compounds that are hard to synthesize with 
existing methods in drug discovery, or by controlling 
the interaction of biomolecules that have hitherto 
been difficult to control. In our laboratory, the fol-
lowing research projects are underway that focus 
on organic chemistry-driven drug discovery.

1) Synthesis of structurally complex bioactive 
compounds: Small molecule drug discovery has 
become increasingly challenging. Despite advanc-
es in combinatorial synthesis and high-throughput 
screening, such technologies still have limitations. 
Another problem is the lack of therapeutic targets 
since drugs have already been developed for 
many diseases. Our approach is to use complex 
molecules to target biomolecular interactions that 
have not yet been probed in drug discovery. We 
are interested in the synthesis of biologically-active 
compounds, such as alkaloids containing highly 
complex ring systems, and macrocyclic peptides.

2) Novel methods for the synthesis of complex 
structures and their applications: Structure-activity 
relationship (SAR) studies and structural optimiza-
tion are needed to improve the biological activity 
and bioavailability of potential drug candidates. 
This becomes very costly in terms of time and 
money when using very complex molecules. We 
are developing new synthetic methodologies that 
can be used to construct complex core structures 
commonly found in biologically active molecules. 
We are particularly interested in atom-economic 
transition metal catalysis using elements such as 
gold and palladium. Such methodologies are 
applied to drug discovery and structural studies to 
evaluate the utility of the developed reactions.

3) Identification of functional molecules based on 
designs, synthetic studies and chemical modifica-
tions of biomolecules: Biomolecules such as gly-
cans, lipids, and peptides possess a wide range of 
biological activities, and are involved in various 
physiological functions and pathological condi-
tions. By implementing rational designs, synthetic 
studies and chemical modifications on the basis of 
organic chemistry and bioorganic chemistry, we 
aim to develop functional molecules that can 
modulate and help us understand physiological 
functions and pathologies. Furthermore, by using 
these functional molecules as biological probes, 
we investigate the localization and intracellular 
behavior of target molecules for the elucidation of 
biological mechanisms and the discovery of new 
drug leads.

4) Development of a novel screening platform 
u s i n g  s y n t h e t i c  p e p t i d e s  a n d  p r o t e i n s : 
Recombinant DNA technology facilitates the 
preparation of peptides and proteins. In contrast, 
chemical synthesis of peptides and proteins via the 
stepwise assembly of amino acids and/or chemical 
ligation can provide an alternative approach for 
the preparation of bioactive peptides with unique 
structures (secondary metabolites) and peptides/
proteins containing post-translational modifications. 
Using these synthetic peptides and proteins, we are 
developing a unique screening platform to identify 
unprecedented drug leads from unexplored class-
es of substances.

5) Drug screening programs using in-house 
chemical libraries: Identification of novel bioactive 
compounds as drug candidates is an important 
subject in drug discovery. We have synthesized nat-
ural products with unique bioactivity (e.g. alkaloids) 
and biomolecules with important physiological 
functions (e.g. peptide hormones) and constructed 
a chemical library containing these compounds. 
Synthetic intermediates of these functional mole-
cules are also included in our library. These com-
pounds cannot be obtained commercially and we 
are engaged in a number of ongoing collaborative 
screening projects.
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