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e X M OH Redesign of a B-sheet model protein

In this study, we report a protein redesign of the B-sheet model protein Outer surface protein A (OspA) based on
the B-meander structure (a structure consisting of two or more inverted parallel B-strands continuously connected
by a turn structure). Protein redesign is an effective design method for understanding the principle of protein
structure formation because characterizations of redesigned proteins often give us insights into the principle of
protein structure formation. Through the redesign of OspA, we aimed to establish two different designs: the
design of a domain-swapped protein and the design of a protein that mimics the amyloid structure in the process
of elongation.

This thesis consists of five chapters: introduction, results and discussion, conclusion, experimental methods,
and references.

In Chapter 1, we present the background of the protein design and the model protein OspA., the purpose of this
study, and the structure of this thesis.

In Chapter 2, we describe results and discussion of the study. This Chapter is organized as follows. In the st
section, "Establishment of a design that enables domain swapping of various monomeric proteins," we report our
attempts to establish the domain-swapping design that can induce domain-swapping dimerization of various
monomeric proteins. We tried to establish the domain-swapping design by redesigning the loop structure located
at the border of the B-meander structure of OspA. As a result, polyproline rod insertion into the loop structure
was found to be effective in designing the domain-swapped dimer. By applying the design to the loop structure
of a protein G, we have successfully obtained a domain-swapped dimer of protein G. The results suggest the
possibility that the domain-swapping can be applied to a variety of monomeric proteins. In the 2nd section,
"Design of a meial ion-responsive molecular switch," we describe the design of a metal ion-induced
domain-swapped dimer, using the domain-swapping design in 1st section as a starting point. We found that poly
(His-Pro) insertion into the loop structure of OspA, induce dimers in response to various metal ions. We explored
the mechanism of dimer formation through detailed physical properties evaluation. In the 3rd section, "Design of
a stable domain-swapped dimer in solution,” we report on the redesign of the tum structure in the B-meander
structure of OspA to stabilize the domain-swapped dimer, which is unstable in solution. Based on the information
of crystal structure of the domain-swapped dimer obtained in our previous study, we redesigned the turn structure
fo a sequence that favors the B-strand, and attempted to stabilize the dimer by allowing the f-strands to form
p-sheet between molecules. A mutant of the turn structure consisting of three residues, Cys-Thr-Cys, was found
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to form a dimer even in solution. The crystal structures of the obtained dimers revealed the formation of the
domain-swapped dimer. In the 4th section, " Design of a model protein that mimic amyloid structure in the
process of elongation,” we describe the design of a protein with an exposed f-sheet edge by deleting the
C-terminal capping domain of OspA. The designed protein was found to exist as a2 monomer in solution. Crystal
sttucture analysis shows that the B-sheet structure is maintained withowt the capping domain. Molecular
dynamics simulstions over 50 ns suggest that the f-sheet with exposed edge retains its structure. From the
evaluation of these fluctuations, we inferred the structural characteristics of amyloid fibrils in the process of
elongation,

in Chapter 3, we describe some conclusion and future work.

In Chapter 4, we present experimental methods.

In Chapter 3, we list references,
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