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Abstraet of Thesis

Humanin, a bioactive peptide consisting of 24 amino acid residues, was isolated from
brain tissues of patients of Alzheimer’s diseases. It have been reported that Humanin significantly
suppresses various aging-related cell death that caused by amyloid fibrils aggregates and
oxidative stress. Previous literature suggested that the cytoprotective activity of humanin peptide
remarkably enhanced by optical isomerization of the Serl4 residue from L- to D-form as
post-translational modification. As a result, Humanin D-Serl4 variant can significantly inhibit
cell death with extremely low concentration, and thereby it is considered that Humanin is
promising molecules in an effort to develop new drugs against aging-related cell degenerative
diseases such as AD. However, molecular mechanisms of enhancement of the cytoprotective

activity of Humanin caused by D-isomerization of the specific serine residue are remains unclear.

In this study, we demonstrated that Humanin D-Ser14 exhibited potent inhibitory activity
against fibrillation of amyloid-p and remarkably higher binding affinity for amyloid-p than that of
the Humanin wild-type and S14G mutant. In addition, we determined the solution structure of
Humanin D-Ser14 by nuclear magnetic resonance (NMR) and showed that D-isomerization of the
Seri4 residue enables drastic conformational rearrangement of Humanin. Furthermore, we
identified an amyloid-B-binding site on Humanin D-Serl4 at atomic resolution by NMR. These
biophysical and high-resolution structural analyses clearly revealed structure-—function

relationships of Humanin and explained the driving force of the drastic conformational change




and molecular basis of the potent anti-amyloid-B fibrillation activity of Humanin caused by
D-isomerization of the Serl4 residue. This work has shown the correlations between the
functional activity, tertiary structure, and partner recognition mode of Humanin and may lead to
elucidation of the molecular mechanisms of the cytoprotective activity of Humanin.

In addition, it is considered that interaction between amyloid-beta, Humanin, and zinc ion
has an important consequence for pathogenesis or development of AD. However, detail of the
zine ion recognition mode of the Humanin has not been clarified. We identified zinc ion binding
site on the Humanin with atomic resolution.

Ceramide transfer protein (CERT) mediates ER-to Golgi trafficking of ceramide. CERT
consists of two main functional domains, the plecksterin homology domain (PH), which serves to
target the Golgi apparatus, and the START domain, capable of catalyzing inter-membrane
transfer of ceramide. CERT-PH specifically binds phosphatidylinositol 4-phosphate (PI4P). In
this work PI4P incorporated phospholipid bilayer nanodisc were used to assess the
PH-domain—PI4P interaction using solution NMR techniques.

We identified a CERT PH biding site on the phospholipid bilayer by NMR. The NMR
study revealed a nonspecific electrostatic interaction between the basic anino acids on the CERT
PH and the lipids head groups and this derives the CERT PH domain to PI4P recognition and
localization to the membrane. lisothermal titration calorimetry (ITC) were used to gain insights
into the thermodynamic signatures of the interaction, the result reveals that CERT PH domain
binds to PI4P containing membranes with a high affinity. This binding mode reflects the function

of PH domain of CERT.
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