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The current thesis contains four chapters. Chapter 1 describes background, motivation, and the purpose of the study.
The hydrophobic helical block of polypeptides formed self-assembled structures with a block of hydrophilic components
Chapter 2 demonstrates that the hybrid vesicular assembly, having phase-separated membrane was prepared from a
combination of amphiphilic polypeptide and phospholipid. Chapter 3 shows the network-like branched tubular assembly
by fusing several nanotubes, which were composed of two different types of amphiphilic polypeptides having different
hydrophilic chains. Finally, Chapter 4 summarizes the achievements, conclusion and perspective of this research.

Chapter 1 describes the general introduction on the self-assembled structures made of amphiphilic polypeptides and
the composite with other components. Especially amphiphilic polypeptides composed of hydrophobic helical structure
and hydrophilic parts were designed and their investigation was reviewed. Different lengths of hydrophobic helical
polypeptides were conjugated with different types of amphiphilic molecules such as poly(sarcosine), polyethylene
glycol (PEG), and the self-assembled structures were investigated. The helical structure-forming hydrophobic sequence
was composed of leucine- and aminoisobutyric acid-alternating sequence. When the hydrophobic part composed of 8
residues was conjugated with poly(sarcosine)(SL8), it formed a 3,, helix structure. When the parts composed of more
than 12 residues (SL12), (SL14, SL16, SL18, and SL20), they formed an a-helix structure. Transmission electron
microscope (TEM) observation showed that SL8 formed a fiber structure and SL12, SL14, SL16, SL18 and SL20 had
sheet-based structures (SL12, SL14: tube, SL16: vesicle, SL18, SL20: sheet). The tube and vesicle were considered to
be formed by rolling up of sheet. The parameters affecting the structures of tubes, vesicles and sheets in the assemblies
of SL12 to SL20 were discussed and the different packing pattern and interaction between the neighbor helices were
also considered. When co-assembly of SL12 and SL16 was prepared, it did not form a homogeneous miscible membrane
but formed a co-assembled structure composed of a phase-separated membrane. TEM observation showed the SL12

tube was capped with the L16 vesicle. In order to investigate the influence of the hydrophilic part, the hydrophobic part



composed of 12 residues was conjugated with PEG (PL12). Like SL12 with poly(sarcosine), TEM observation showed
nanotube structure with a diameter of 80 nm was formed. This result demonstrated that the influence of hydrophilic
part on the assembly shape was not so large as hydrophobic helical block, and that the hydrophobic helix determined
the assembled structure. Co-assembly with phospholipids was performed and it formed phase-separated membrane
composed of polypeptides and phospholipids.

In Chapter 2, based on the findings in Chapter 1, the phase-separated co-assembly of phospholipids and amphiphilic
polypeptides was developed. The co-assembly had a temperature-responsive drug release ability. A mixture of L14
and phospholipid 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) formed a 75 nm diameter co-assembled
vesicle (peptide-lipid hybrid vesicle (PLHV)) in saline at a mixing ratio of 4:1 to 1:1, which was confirmed by TEM
observation and dynamic light scattering measurement. Spectroscopic analysis using the fluorescence resonance energy
transfer phenomenon revealed that PLHV was composed of a phase-separated membrane with independent peptidic
and lipidic membranes, not a homogeneous miscible membrane of peptide and lipid. The lipid membrane in the vesicle
showed the phase-transition behavior similar to liposome composed of pure lipid membrane. The phase-transition
temperature of PLHV was 38 °C, which was higher than the phase-transition temperature (25 °C) of the pure DMPC
membrane. This shift was considered to be induced by the smaller size of the lipid membrane and surrounding with the
harder peptide membrane. Because PLHV was a closed structure, it can encapsulate hydrophilic molecules, retain them
at 37 °C, and show the release of inclusions at 42 °C. Lipid membrane in PLHV worked as a temperature-responsive
gate. The controll of the release rate of inclusion in response to the size of the lipid membrane was also suggested.

Chapter 3 summarized the research on hybrid tubular network structure formation by co-assembling of PL12 and
SL12. As shown in Chapter 1, both PL12 and SL12 formed nanotubes, but the elongation (fusion) speeds of their
nanotubes by heating were different from each other. When the membrane fluidity of their nanotubes was measured,
PL12 membrane was more fluidic than the SL12 membrane, because a lot of water molecules involved in the
hydrophilic/hydrophobic interface of PL12. This was considered to affect the difference in elongation rates. When PL12
and SL12 were co-assembled at the mixing ratio of 7:3, 6:4, and 5:5, they formed three-way open ends and formed
tubular networks as a result. Excessive amount of PL12 was considered to promote the networks formation because of
the higher fluidity.

Chapter 4 summarizes the conclusions obtained in this research and describes future research developments of self-

assembled amphiphilic polypeptides with other components.
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