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oReport summary (English)

Principal investigator: Gunma University, Lecturer, Yukari Ohta
R & D title: Development of bioprocess using marine microbial enzymes for efficient
lignin degradation and application toward artificial urushi materials

1. Purpose of R & D

Biorefinary of non-eatable plant biomass such as wood requires high cost to separate its components,
cellulose, hemicellulose, and lignin. In addition, lignins are severely denatured during the separation
process, which makes lignin difficult to be applied for further transformation to value-added products.
In this research, for the purpose of sustainable use of woody biomass, one of the most important
renewable resources, we aimed for the valorization of lignin and the contribution to the development
of low-carbon society.

2. Outline of R & D

(1) Contents:

In this research, we will develop a new environmentally benign method for lignin conversion, which
enables further understanding of molecular basis of lignin. Specific production method of
guaiacylhydroxypropanone (GHP) and syringylhydroxypropanone (SHP), which can be converted to
various functional chemicals, will be developed by the combination of enzymes derived from marine
bacteria closely related to “Sphingomonads”. Molecular transformation method of lignin-derived
aromatic monomers GHP/SHP will be also developed to create novel “super-urushiol” materials.
Although the current market size of urushi materials is small due to the limited production of natural
urushi, biomass-derived renewable “super-urushiol” is expected to expand the market size as the
artificial coating and adhesive materials.

(2) Achievements:

In this study, we successfully achieved highly specific production of aromatic monomers with a
phenylpropane structure directly from extracted lignin fraction using a cascade reaction of B-O-4-
cleaving bacterial enzymes in one pot. Guaiacylhydroxylpropanone (GHP) and the
GHP/syringylhydroxylpropanone (SHP) mixture are major monomers from lignin isolated from
softwood (Cryptomeria japonica) and hardwood (Eucalyptus globulus). In order to prepare a lignin
fraction suitable for the enzyme reaction, an environment-friendly low-denatured lignin extraction
method was developed using acetic acid / peracetic acid (AAPA) and microwave heating. The yield
of GHP / SHP production was > 10% w / w (lignin) when AAPA-lignin was used as a raw material.
It was highest value compare to those obtained from any other lignin preparations.

Furthermore, by designing a super urushiol synthesis route and studying protective groups that
prevent isomerization during the synthesis, we succeeded in obtaining multiple types of urushiol
analogs as designed, and structure-property relationship studies of newly created super urushis were
also conducted.

(3) Future developments:

The AAPA method is useful for obtaining natural lignin with low environmental impact. Since
selective degradation of lignin is the key to lignin valorization, further development of technology
for enzymatic conversion of lignin is required. In addition to obtaining superior enzymes with higher
stability and activity, we further analyze the remaining biomass components and promoting use of
whole biomass. If molecules with a defined structure can be mass-produced at low cost from lignin,
new polymer from artificial lacquer materials can be widely used as environmentally conscious
materials.



