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oReport summary (English)

Principal investigator: Hokkaido University professor Ken’ichiro Matsumoto
R & D title: Bacterial synthesis of novel glycolate-based polymers from renewable
biomass

1. Purpose of R & D

Plastics are widespread and useful materials, which are mostly produced from petroleum, and after
use, many are finally incinerated. The use of petroleum-based plastic is a factor in the increase in
carbon dioxide. In order to reduce the carbon dioxide emission, the use of renewable biomass as a
raw material is potent approach. Polyhydroxyalkanoates (PHAs) are bacterial polyesters, which are
known as biobased and biodegradable plastic, and therefore, they are recognized as an
environmentally friendly material. The market of PHA is rapidly growing, and in 2019, PHAs are
used also in Japan. For the purpose of effective reduction of carbon dioxide emission, however, the
PHA production needs to be significantly increased. To achieve this goal, the expansion of polymer
property, which is closely related to the structural variety of the polymers, is important research
target.

The PI of the project has developed the biosynthesis of artificial PHAs containing unusual
monomer units. In particular, the PI reported the biosynthesis of glycolate-based PHA for the first
time. Glycolate-based polymers are known to be useful polymer due to their excellent degradability
including bioabsorbability. This project aimed at creating novel glycolate-based PHAs using
engineering approach and investigating the potential of the new polymer as a bioabsorbable material.
In addition, glycolate is an intermediate of photosynthetic organisms derived from the carbon
dioxide fixation pathway, the Calvin cycle. In the project, the part of Calvin cycle was utilized for
the glycolate-based PHA synthesis.

2. Outline of R & D

(1) Contents: Biosynthesis of glycolate-based PHAs using newly identified artificial PHA
biosynthetic system (Matsumoto). The construction of glycolate-based PHA production system using
the part of Calvin cycle enzymes (Matsumoto and Ashida). The bioabsorption test for several
biopolymers including the newly synthesized glycolate-based PHAs (Hokamura).

(2) Achievements: We succeeded in synthesizing a novel glycolate-based PHAs in engineered
Escherichia coli (Matsumoto). The bioabsorption test conditions were established and the
experiments were successfully performed for the new polymers (Hokamura). The hybrid pathway of
PHA biosynthesis and the partial Calvin cycle was constructed and glycolate-based PHA was
successfully synthesized using the pathway although the production was relatively low compared to
typical cases in E. coli (Matsumoto and Ashida). The biochemical analysis of relevant enzymes has
been performed (Ashida).

(3) Future developments: The developments of new polymers with desired properties and their usage
are important research target. The efficiency of the Calvin-cycle-mediated glycolate-based PHA
synthetic route will be improved.



