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This project aims to create a novel technology “Optolipidomics” to identify, control and
observe functional lipids using light; Development of the mass microscope in mass resolution
and sensitivity would allow us to identify important lipids in human diseases by imaging
mass spectrometry. To clarify the function of the identified lipids, the optically controllable
modules and florescent probes are required to regulate the candidate lipids spatiotemporally
and to observe the results of control, respectively. This seamless system to study the
functions of lipids will be a basis of the lipidome editing technology in the future, leading to
a new concept of drug discovery by targeting lipids.

To improve the mass resolution of the mass microscope, we installed a FT-ICR mass
spectrometer based on the assessment last year. Then we confirmed the mass accuracy of the
detected ions and established the methods of lipid imaging using authentic lipid samples and
tissues derived from mice. On the other hands, to improve the sensitivity of mass microscope,
we investigated the optic properties of matrices for MALDI-IMS and assembled the
instruments for post ionization. Furthermore, we tried to derivatize prostanoids and
obtained increased intensities of detected ions by 50,000-fold compared with normal samples.

By using the imaging mass spectrometry, we clarified an accumulation of arachidonic
acid-containing phosphatidylinositol at the outer edge of colorectal cancer (Ref.3), a
decreased arachidonic acid-containing phosphatidylinositol level in the post-mortem brains
with schizophrenia (Ref.7), the roles of adipocytes in the rupture of abdominal aortic
aneurysm (Ref.4), and an increased arachidonic acid-containing phosphatidylcholine in the
spinal cord after peripheral nerve injury (Ref.2). We further studied on the functions of lipids
by artificial regulation and reported a dynamic remodeling of membrane composition for
primary cilia excision (Ref.5) and a new therapeutic method for Tay-Sachs disease by enzyme
supplementation (Ref.1).

As a prototype of optically controllable modules, we generated a series of fusion genes
using the catalytic domain of phospholipase A2 or an endoplasmic reticulum-resident protein
with the iLID-SSPB system. We confirmed the module could be recruited to ER only under
blue light illumination and an activation of the signal pathway stimulated by increased
arachidonic acid. Meanwhile, we also assembled an optical instrument for exciting-damping
the optic modules to perform simultaneous analysis.

To construct fluorescent probes for functional lipids, we evaluated the mutant library of
fluorescent proteins for FRET and generated candidate probes to detect the phospholipids
altered in schizophrenia. As a technology for affiliation of observation and detection, we
developed a novel optical clearing method to keep lipids and evaluated the effects on lipids
in mouse brain tissue using imaging mass spectrometry.

To promote the collaboration, a group conference was held at Riken BSI on June 2016.
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