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oReport summary (English)

Principal investigator: Hiroshima University Associate Professor Ryuichi Hirota
R & D title: Development of Robust and Biologically Contained Culturing Technology
for Microalgae Using Phosphite

1. Purpose of R&D

Because microalgae can directly convert CO; into valuable substances, they are expected to be used
in bioproduction systems that can contribute to the formation of a recycling-oriented sustainable
society. However, due to perturbations in environmental conditions and contamination by other
microbes, it is difficult to realize the full potential of microalgal strains demonstrated under
laboratory conditions in outdoor cultivation. Genetic engineering can drastically increase the
production level of useful substances and the robustness of the host, and is expected to be an
effective means of overcoming these problems. However, it is extremely difficult to obtain approval
for the outdoor use of genetically modified microorganisms under legislation based on the Cartagena
Protocol, an international framework. We developed a technology that makes the growth of host
microorganisms dependent on phosphite, a rarely available phosphorus compound in the
environment. By applying this system to genetically engineered microalgae, they can be used for
outdoor cultivation in a biodiversity-conscious manner, to achieve high-purity cultivation of target
strains and reduce the cost and energy required for cultivation, which should contribute to the
realization of a low-carbon society. In the “innovative technological phase” of this project, a
phosphite-dependent biocontainment strategy was applied to a freshwater cyanobacterial strain. In
the “practical application phase”, we developed a marine cyanobacterial strain that produces
biopolymers to which phosphite-dependent biocontainment is applied.

2. Outline of R&D

(1) Contents:

In the innovative technology phase, we demonstrated the principle of phosphite-dependent
biocontainment in the freshwater cyanobacterium Synechococcus elongatus. In addition, various
elemental technologies were developed to expand the host range of this method to include eukaryotic
microalgae. For the practical application of the biocontainment system, we evaluated the
performance of the biocontained cyanobacterial strain using a pilot-scale photobioreactor and
identified several practical issues to be resolved. In the practical application phase, we produced the
biopolymer-producing marine cyanobacterium, Synechococcus, and applied a phosphite-dependent
biocontainment strategy.

(2) Achievements:

We successfully applied phosphite-dependent biocontainment to S. elongatus. In addition, we have
successfully introduced the phosphite oxidation pathway into various microalgal species, from
prokaryotic to eukaryotic microalgae, and established fundamental technologies and methodologies,
such as the identification of endogenous phosphate transporters. In addition, contamination
management was conducted on at a practical culture scale, although this was not originally planned
as part of the project. To create a strain for practical applications, we established several
requirements to achieve biopolymer production and biocontainment, although both could not be
integrated.

(3) Future developments:

We will expand the range of host microbes for the application of the phosphite-dependent
biocontainment strategy and evaluate its effectiveness as a biosafety measure under Cartagena Type |
Regulations. To construct a biopolymer-producing strain, we will introduce a complete metabolic
pathway for biopolymer production resulting in a production level that is acceptable for practical
use.



