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oReport summary (English)

Principal investigator: Tokushima University professor Eiji SAKURADANI
R & D title: Development of a new bio-lipid platform utilizing free fatty acid as a basic
compound

1. Purpose of R & D

From the viewpoint of material production, two important challenging for the realization of a
low-carbon society are: (1) conversion of raw materials from petroleum to biomass, and (2)
reduction of energy consumption by streamlining the manufacturing process. Specifically, we will
develop the construction of host strains for free fatty acid (FFA) production, the improvement of
FFA productivity based on lipidome analysis, and the production of useful lipid compounds in the
same host by enzymatic conversion using FFA as a basic compound. We will build the basic
technology of the bio-lipid platform that replaces the lipid compounds created by the petroleum
industry/chemical industry with the biotechnology technology. Through the whole research, we will
effectively promote the link between the biotechnology (synthetic biology) field and the chemical
industry and aim to significantly reduce greenhouse gas emissions.

2. Outline of R & D

(1) Contents:

The following issues were addressed under three research groups (Tokushima Univ./Sakuradani
Group, Kyoto Univ./Kishino Group, Kyushu Univ./Bamba Group). First, we tried to improve lipid
(FFA) productivity and extracellular lipid production by overexpressing endogenous genes using
Mortierella alpina as a host. We focused especially on hydroxy fatty acids as FFAs, which can be a
raw material for chemical products, obtained new hydroxy fatty acid-producing strains, isolated the
oleic acid hydrase gene from a filamentous fungus, and expressed it in M. alpina (Tokushima Univ.).
A new lipidome analysis method was constructed for the detailed qualitative and quantitative
analysis of lipids from mutant strains and recombinant strains obtained at Kyoto University and
Tokushima University (Kyushu Univ.). Based on the information of these lipidome analysis, we
estimated how the lipid containing FFA is biosynthesized in the cell and which reactions are the
bottleneck (Kyushu Univ.).

(2) Achievements:

Filamentous fungus Fusarium sp. D2 isolated from the natural sample as a free fatty acid
(FFA)-producing strain showed the productivity of hydroxy fatty acids, HYA (10(OH)c12-18:1) and
HYB (10(OH)-18:0) in cells. When the oleic acid hydrase gene was isolated from D2 strain and
expressed in M. alpina, the production of HYB was confirmed (Tokushima Univ.). Overexpression
of endogenous lipase (TGL4) and acyl CoA thioesterase (ACOTS8R) genes in M. alpina was
confirmed to significantly improve the productivity of free fatty acids (FFA) (Kyoto Univ.). Analysis
of proteins leaked out of the cells revealed that overexpression of specific proteins significantly
increased extracellular lipid levels (Kyoto Univ.). In addition to FFA, we constructed a lipidome
analysis method that enables accurate quantitative analysis of polar and neutral lipids (Kyushu
Univ.). From the lipidome analysis of the mutants and the recombinants obtained through the above
process, the factors (reaction steps) contributing to the accumulation of FFA was estimated (Kyushu
Univ.).

(3) Future developments:

The lipid-accumulating ability and the possibility of extracellular lipid production of M. alpina are
attractive characteristics. On the other hand, strain D2 was expected to have a higher ability to
accumulate free hydroxylated fatty acids. We believe that it is important to conduct a basic research
on both strains and to bring out their capabilities. We will focus on analysis of proteins involved in
extracellular lipid leakage in M. alpina and expression of enzymes that react with FFA in strain D2.
We will continue to analyze lipids inside and outside the cells and analysis of amphipathic lipids
using the newly constructed lipidome analysis method.



