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In this study, we developed middle-size lipid-conjugate molecules, with focusing on the protein-
lipid interaction (PLI), which resembles PPI in the view of wider interaction surface. We aimed to
design and create active molecules based on the analysis of protein receptors and middle-size lipid-
conjugate molecules. Regarding the recognition of hydrophobic sites of lipids, which was believed
to be non-specific recognition, we searched special and highly selective interaction, “hot spot”, in the
hydrophobic area on the receptor protein, to control the lipid ligand’s activity.

As one of the key basis of the project, we aimed to elucidate the detailed molecular recognition by
using a focused molecule library (immunomodulatory middle-size lipid-conjugate molecules)
obtained by an organic chemical method as a core structure. In order to design the lipid modification
of the molecules for stronger binding, we have established a method by linking the results of various
structure-activity relationships with the results of molecular dynamics (MD) calculations. Because of
the difficulties of protein-lipid interaction simulation with other calculation methods, we decided to
utilize the way to include molecular dynamics (MD) simulation.

Regarding the synthesis of middle-size lipid-conjugate molecules, we established synthetic
methods that enabled the comprehensive synthesis of glycolipid-type, inositol phospholipid-type, and
glycerolipid-type molecules as the compound library focusing on variations in their lipid moieties.
Utilizing the synthesized compound library, the molecules were analyzed on the immunological
functions (e.g. cytokine induction with mouse splenocytes) and molecular interaction with the target
receptor proteins. The structure-activity relationships were also analyzed with the MD simulation for
feedback the results to the molecular design, and very selective immounomodulatory compounds
were found among the synthesized middle-size molecule library.

Having several promising immunomodulatory compounds, further analyses for drug discovery
process were performed. Namely, some compounds were tested in vivo using DSS enterocolitis
model mice as a disease model for inflammatory bowel disease, and succeeded in finding compounds
showing a clear anti-inflammatory effect. The pharmacokinetics of the active compounds were also
analyzed. In addition, compounds in which highly selective cytokine induction was observed, were
further developed into other autoimmune diseases that are difficult to treat. We proceeded with the in
vivo evaluation with the autoimmune disease mouse model, and succeeded in obtaining promising
results.

The results of this project for the middle-size lipid-conjugate molecules have succeeded in
constructing the knowledge that will be the basis of molecular design for drug discovery development

of the middle-size lipid molecules.



