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oReport summary (English)

Principal investigator: Dr. Takashi Osanai, Meiji University, Associate Professor and
Cyanology Co. Ltd, CEO

R & D title: Metabolic Engineering of Cyanobacteria for Fermentative Production of
Succinate and Lactate

1. Purpose of R & D

The purpose of this study was to produce plastic materials such as succinic acid and lactic acid from
carbon dioxide using cyanobacteria, which are photosynthetic microalgae. It has been estimated that
converting petroleum-based resins to those derived from biomass has the effect of reducing CO; by
1.4 to 2 times its weight. Based on this information, an estimation was made that if succinic acid
were to be derived from biomass, there would be an annual reduction of 220,000 to 320,000 tons of
CO2, which is 0.17 to 0.34% of Japan's annual greenhouse gas emissions. In particular, microalgae
can absorb carbon dioxide during their growth process, which is expected to further reduce CO»
emissions. Therefore, it is expected that further progress in this research will make a significant
contribution to the reduction of CO2 emissions.

2. Outline of R & D

(1) Contents:

This study focused on two items: the development of a high-density culture system for cyanobacteria
and the development of a highly efficient production system for succinic acid and D-lactic acid. For
this purpose, methods such as cyanobacteria culture, genetic modification, metabolomics, and
enzyme biochemistry were used. Cyanobacteria culture was focused on by the Osanai and Miyamoto
groups, genetic modification, and metabolomics by the Osanai, Hasunuma, and Shirai groups, and
biochemistry of enzymes by the Osanai group.

(2) Achievements:

Metabolic engineering of cyanobacteria increased the succinate titer from the original 10 mg/L. In
2021, a titer of 4.2 g/L was achieved by combining overexpression of the malate dehydrogenase
gene citH with a stripping method of medium exchange (Iijima et al. 2021 Metab Eng). Furthermore,
a succinate titer of 5.7 g/L was achieved by combining genetic modifications such as
phosphonolpyruvate carboxylase ppc with the addition of corn steep liquor (Hidese et al. 2022 ASC
Synth Biol). This is the highest succinic acid production by fermentation of cyanobacteria currently.
In addition to the increase in production, the regulatory mechanisms of metabolism were also
elucidated. Metabolomics analysis and metabolic reconstruction of enzymes revealed that under
anaerobic conditions, the reductive TCA circuit is activated in a pH-dependent manner (Hasunuma et
al. 2018 Metab Eng; Ito et al. 2021 Plant J). We also elucidated the transcriptional regulatory
mechanism, revealing the regulon of the RNA polymerase sigma factor SigE, which activates
succinate production (Kariyazono and Osanai 2022 Plant J). It was also revealed that cyanobacteria
have a specialized TCA circuit in which malate enzymes operate (Katayama et al. 2022 mBio).

In June 2022, the final year of this research, a Meiji University venture, Cyanology Inc. Osanai
serves as the representative director. This company is designed for social implementation in
collaboration with companies based on the knowledge developed in JST-ALCA. From the
company's establishment to March 2023, 21 different products and services have been sold. Thus, in
this research plan, the company has achieved social implementation, from basic research to the
establishment of the company, to the launch of products and services, and to the making of sales.

(3) Future developments:

In the future, the team aims to produce carboxylic acid with reduced processes such as fermentation,
and to establish a bioplastic production system using carbon dioxide as a resource by utilizing the
established company to promote true social implementation.



