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oReport summary (English)

Principal investigator: University of Hyogo, Associate Professor, Yasuhiro Kashino
R & D title: Generation of Diatom Factory through Physiolomics toward a Novel
Energy Source
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2.

. Purpose of R & D

Diatoms possess infinite potential as a biofactory to convert CO; into valuable materials such as
lipid and fucoxanthin using energy derived from solar light. In this research project, we will bring
out their potential by 1) developing a powerful molecular-biology tool specifically for diatom, 2)
manipulating light harvesting system of shade-adapted diatoms to ensure rapid growth under
ambient light at the surface of earth, and 3) clarifying and manipulating the metabolic pathway of
lipid to drastically increase lipid productivity. The generated diatom strain will become a useful
platform to produce biofuel as well as other valuable materials by consuming vast atmospheric CO»
using solar energy.

Outline of R & D

(1) Contents: A marine diatom, Chaetoceros gracilis was chosen for the key species of our project.

Genome analysis of C. gracilis was performed to build a genome database as a core information
center. Based on genome information, development of transformation method for C. gracilis,
functional analysis of carbon concentration mechanisms, biochemical and physiological analysis of
photosynthesis were performed. Using newly developed transformation method, several
transformants were manipulated to convert CO; into valuable materials such as recinoleic acid or
isoprenoid. Looking ahead to the establishment of transformants, large scale cultivation system was
developed toward the stable and high-density growth of diatom.

(2) Achievements: Our newly established genome database of C. gracilis contributed the analysis

of photosystems I and II associating light-harvestig pigment protein complex unique to diatom to
be published in Nature Plants and Nature Communications. Based on the genome information and
gene expression analyses, 10 promoters of highly-expressing genes were found and they were used
to develop transformation vectors for C. gracilis. In combination with our newly developed multi-
pulse electroporation method, highly efficient transformation method was established to obtain two
independent patents. Applying the transformation method, transformants to produce recinoleic acid
or isoprenoid was obtained showing that our method is truly useful platform to obtain transformants
for the conversion of CO; into valuable materials using solar light energy. Further, we have
established gene editing method and trying to obtain biological containment strain.

In addition to the molecular-engineering progress, using wild-type diatom, usage of high-value
materials was developed. Extract from the same genus diatom, C. calcitrans containing fucoxanthin
obtained a name of Chaetoceros Calcitrans Extract from an American cosmetics organization and
it is now contained in 9 products on store from 8 companies. Large scale cultivation of C. gracilis
using non-sterilized sewage-water achieved high density of cells reaching OD ~0.9 under the solar
light. A unique low-cost extraction/concentration method for high-value materials was also
developed using micro-bubble treatment to achieve the yield of ~70% for fucoxanthin into ~2% of
original volume.

(3) Future developments: Transformants that are able to convert CO, into valuable materials will

be cultivated in a large scale to contribute the decrease the atmospheric CO; concentration although
it will be performed at the early stage in physically closed photobioreactors. In the future, the
transformed diatom as well as wild-type diatom will contribute the reduction of atmospheric CO»
of ~3,000tCO»/ha/year.



