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Sequenced Precision Macromolecules:
Interdisciplinary Creation of Novel Polymer Science
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Overall Objectives: “What is macromolecule?” — While a typical answer might be “a giant molecule of a
high molecular weight”, more fundamental is “a giant molecule with an array of many repeat units”: as in
peptides, enzymes, and genes in vivo, macromolecules potentially consist of functional groups placed in a
particular order (sequence) along a backbone. These “sequenced” units function as “bits” for information
storage and cooperatively induce a particular shape, architecture, and eventually functions even in a single
molecule. There lies the most fundamental nature and potential of macromolecules: autonomously
functioning molecules of designed sequences, or “precision sequenced macromolecules”.

In sharp contrast, conventional synthetic polymers are of irregular sequences whose properties and
functions originate from a simple accumulation of interaction among numerous repeat units in assemblies.
Virtually no research has been focused on sequenced macromolecules and sequence regulation in
polymerization.  Obviously, sequence regulation requires novel catalysts and precision control of
polymerization, which should be achieved not simply by polymer chemistry but by an unprecedented
interdisciplinary unification of organic, organometallic, and biological chemistry, among others. This
project is in fact to establish methodologies for precision sequenced macromolecules and thereby “novel
polymer science”

Project Strategy: Given these concepts, the Project consists of three stages:

(A) Precision Catalyst Development: To design and develop catalysts for next-generation precision
polymerizations that serve as fundamentals for sequence control.

(B) Sequence Control Systems: To construct systems, based on precision catalysts in phase A, to create
precision sequenced macromolecules, including construction of specific “reaction space”.

(C) Function Expression: To analyze and recognize the architectures and the functions of sequenced
macromolecules in phase B stemming from their precisely controlled repeat-unit sequences.



