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Chapter 1. General introduction
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the hinge region. Our group has focused on hemoprotein Figure 1. Schematic representation of the present study:

oligomerization  through ~ 3D-DS However the (A) Stabilization of a building block protein based on the
' > cyt csss trimer. (B) Investigation of the relationship between

arrangement of proteins can easily change in 3D-DS by the  3D-DS and heme insertion in Mb.

loop formation at the hinge region. In this study, a helical linker is used at the hinge region to improve the

arrangement of hemoproteins for two cases: 1) Stabilization of a building block protein based on the Aquifex

aeolicus (AA) cytochrome (cyt) csss trimer, and 2) investigation of the relationship between 3D-DS and heme

insertion in myoglobin (Mb) (Figure 1).
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to monomers in (cp-csss)s. To stabilize the triangle structure, a

cyclic regular-triangle of three ~a-helix-linked ~cyt csss Figure 2. (A) Schematic representation of construction

molecules is constructed by covalently connecting terminal 2 stable cyclic regular-triangle CL-~(csss)s utilizing
SML. (B) Crystal structures of CL-(css5)3 and its

regions using sortase A-mediated ligation (SML). Six variants  nanoporous supramolecular assembly.




of cp-csss with different N- and C-terminal sequences were subjected to SML, in which the variant with GGG
at the N-terminal and LPETG at the C-terminal reacted most efficiently. OP-(csss)3, a genetically connected
molecule of three a-helix-linked cyt ¢sss molecules containing the optimized sequence for SML, was designed
to increase the SML product yield. OP-(csss); was expressed in E. coli cells and the terminal regions were
connected by SML, generating a cyclic regular-triangle CL-(¢ss5)3 (Figure 2A). CL-(csss5); showed higher
thermostability than (cp-csss); and OP-(csss)s. The structural stability of CL-(csss)3 was confirmed by high speed-
atomic force microscope observation. The crystal structure of CL-(csss); revealed two stacked CL-(csss)3
triangle molecules (Figure 2B) with covalent linkage across the terminal regions (red loops in Figure 2B).
Additionally, the stacked CL-(csss5)3 triangles packed into a nanoporous supramolecular structure (Figure 2B),
constructing two pores with diameters of approximately 16 and 30 A. Stabilization of the building block by

cyclization likely facilitates the formation of the nanoporous supramolecular protein assembly in the crystal.

Chapter 3. Apoprotein intermolecular interaction and heme insertion for 3D domain swapping in Mb

Many hemoproteins undergo 3D-DS, yet the relationship 5

between 3D-DS and heme insertion in Mb remains unclear. E helices gl 3% s
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same 3D-DS dimer structure as the 3D-DS WT Mb dimer. dﬁ ¥ g— : % ‘__\“%‘ﬁw

Upon expression in E. coli cells, the Mb dimer ratio increased holo monomer épo dimer : ,3D-DS‘

in the order WT (1%) < KsAH: (14%) < K3AzH (35%) < K3As holo dimer
Figure 3. (A) Crystal structure of 3D-DS WT Mb dimer

(78%), which was consistent with the dimer ratio order that linked with helical structure, (B) Schematic

. o . representation of the helical linker with Ala residues,
obtained by heme reconstitution from the apoprotein. The increasing apo Mb intermolecular interactions and holo

SEC-MALS analysis confirmed the existence of apo K3Aj; Mb dimer formation in vivo.
Mb dimers in addition to monomers. The apo K3;A3; Mb dimer exhibited larger Cotton effects than its monomer
and apo forms of other variants, indicating that the helical linker stabilizes the dimer. Molecular dynamics
studies supported the hypothesis that stabilization of the a-helices in the apo K3A3; Mb monomer may enhance
dimer formation in K3A3z Mb compared to WT Mb and other variants. These results suggest that the formation

of 3D-DS K3A; Mb dimers in vivo depends on the folding pathway (Figure 3B).

Chapter 4. Conclusions

Stabilization of hemoproteins is achieved by introducing a helical linker at the hinge region of the 3D-DS
structure. The helical linker, together with cyclization by SML, may stabilize the central hole of a building block
protein, which is beneficial for the development of nanoporous supramolecular protein assemblies. The
conditions for in vivo and in vitro 3D-DS of Mb are clarified. This study shows that helical linkers are useful
to increase the stability of a building block hemoprotein as well as to investigate the folding conditions of 3D-

DS structure in hemoprotein.
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