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Project Title Integrating cheminformatic resources for
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Main Title

We elucidate variations of lipid metabolism in microalgae through informatics.

General Objects and Main Issues

The purpose of this study is to enhance information and software resources to understand the
metabolism of various microalgae used in bio-fuel production.

Microalgae are the most efficient producer of biofuels. A wide variety of species have been
investigated and are known to produce various composition of lipids. This project aimed
to enhance information and software resources to identify algal lipids more efficiently and
comprehensively. Mass spectrometry is a standard technology to identify lipid species
easily and quantitatively, and what it requires for identification is spectral libraries, a
database for retention time, and the information of lipid category that the algae are
producing. In this project, the US side provided measurement information of various
algae and revealed the lipid category. The Japan side prepared the spectral library and
algal literature information for identification. Software platforms for the analysis were
jointly developed.

Methods and Technologies
Developing metabolome databases and annotation pipeline. Lipid analysis of Euglena gracilis
and investigation of its carbon utilization.




To identify lipids in microalgae rapidly, mass-spectral libraries and the database for
retention time are necessary. Our study focused on glycerophospholipids and neutral
lipids and prepared a theoretical library of their fragment information. The number of
molecular species registered exceeded 100,000. For these molecules, retention times were
estimated from about 200 actually measured records. We also conducted a thorough
literature survey on algal biosynthesis and collected sequence and functional information
of 96000 genes in 94 species. The information is useful in measuring gene expression levels
in microalgae.

The US side conducted metabolome analysis of a variety of microalgae. The Japan side
focused on Euglena and analyzed its gene expression and metabolome information under
different culture conditions. In particular, its lipid biosynthesis was investigated.

Results and Social Impacts

Our algal databases are freely available and they are useful resources for researchers in
metabolomics and analytical chemistry on lipids. The software programs are also free so
that anyone can reproduce the analysis we conducted.

We could confirm the accumulation of various lipid species in different microalgae. For
example, Chlamydomonas reinhardtii, the model microalgae, is known to have
diacylglycerol-O-trimethyl-homoserine (DGTS) instead of phosphatidylcholine, but
another alga, Nannochloropsis oculata, also has DGTS as a major component. The
Nannochloropsis and Euglena also accumulates neutral lipids (triglycerides) with various
highly unsaturated fatty acids. Artificial control of the composition of these lipids will
boost the biodiesel research.

We could also confirm the requirement of carbon dioxide under the anaerobic wax-ester
synthesis of Euglena. This means that the carbon source of wax-ester is not only starch but
also single carbons. This finding may lead to a new carbon fixation method in the future.

Synergies between US and Japanese Teams

The development of libraries and databases in this project would have been impossible
without either of the international team. Software development in the Japan group and
the analytical platform in the US group were indispensable and the dense discussion
through meetings and exchange researchers was the key to the development of our
next-generation metabolomics platform.

This project also strongly promoted organization of Japan-US joint workshops and
international conferences. The international metabolomics conference was coordinated by
the Japan Pl in Tsuruoka, 2014, and will be organized by the US PI in San Francisco 2015.



This conference series is a good venue of our research presentations and also a place to

introduce research in Japan to the world.
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