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oReport summary (English)

Principal investigator: Hirosaki University, Associate Professor, Tomonori SONOKI
R & D title: Sugar-free muconic acid production from lignin.

1. Purpose of R & D

The production of the materials that substitute for petrochemical-derived polymers from
lignocellulose is one of the technologies contributing to realize a Low carbon society. In this R &
D, we focused on the availability of sugars that are highly used as feedstocks in bioproduction, a
technical bottleneck in developing materials production from biomass. Thus, in this study, we
aimed to create the microbial strains enabling the bioproduction of useful chemicals such as
muconic acid (ccMA) from lignin-derived phenols. ccMA has potential use as a platform chemical
to synthesize a variety of petrochemical-derived polymers such as polyamides (Nylon-6,6, etc.),
polyurethanes, and polyethylene terephthalate. Therefore, the establishment of ccMA production
from lignin-derived phenols contributes to realizing a Low carbon society.

2. Outline of R & D

(1) Contents:
Since lignin produces a heterogeneous mixture of phenols by physicochemical and biological
degradation, it is not easy to obtain a specific compound in high yield. However, microbial strains
that can grow using these various lignin-derived phenols retain a metabolic pathway that converts a
mixture of these phenols by a specific enzyme reaction system. In this study, improvement of the
metabolic pathways and optimization of the culture conditions were conducted to develop [i] the
microbial strains capable of producing ccMA from lignin-derived phenols in high yield and [ii] the
ccMA-producing strains without using glucose.

(2) Achievements:
[i] Development of a microbial strain capable of producing ccMA in high yield from lignin-derived
phenols.

A Pseudomonas putida KT2440-based engineered strain capable of producing theoretical yields

of ccMA from a mixture of lignin-related phenols was developed. This microbial strain was

also able to produce ccMA from lignin-derived phenols extracted from cedar (a softwood).
[ii)] Development of ccMA-producing strains without consuming sugars.

a. two kinds of bacterial strains producing ccMA without using glucose were developed, one is
preferable for softwood lignin (P. putida KT2440-based) and the other is preferable for
hardwood lignin (Sphingobium sp. SYK-6 based).

b. Using the metabolic pathway of a newly isolated Pseudomonas sp strain NGC7 that is able to
grow on a variety of lignin-related phenols, microbial strains capable of producing ccMA
from various types of lignin-related phenols based on the composition of softwood lignin,
hardwood lignin, and herbaceous lignin were developed.

(3) Future developments:

In this study, the concept of biological funneling of the heterogeneous mixture of lignin-derived
phenols into a specific chemical was proved. We are going to apply this concept to develop the
microbial reactions that produce aliphatic and aromatic compounds for industrial use and lead the
activity to produce biomass-based and emerging polymers that will be able to substitute for
petrochemical-derived polymers from lignin. In addition, we will promote cooperative works with
the teams that have technologies that can efficiently depolymerize lignin in large quantities, and
develop practical technologies for producing useful polymer feedstocks from lignin.



