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Abstract of Thesis

Protein self-organization predominantly leads to their functional forms in nature. Therefore, there has been an
increasing number of efforts to investigation and design highly ordered artificial protein assemblies, from
heteromeric to homomeric structures, to gain more insight into understanding natural systems and devise novel
biomolecular architectures with new structures and functions. From this perspective, the dissertation presents
two approaches, supramolecular interaction and the covalent disulfide bonding to construct three protein
assembly systems. Chapter 1 describes the heteromeric assembly via the heme—heme pocket interaction of the
engineered Cyt bse2 and HTHP, which are a simple electron transfer hemoprotein and a ring-shaped hexameric
hemoprotein, respectively. The incorporation of the exposed artificial heme moiety on Cyt bse2 into the apoHTHP
heme—pocket was found to proceed smoothly at 45 °C forming the star-shaped structures. The analyses and
characterization of the resulting structures were carried out by UV-vis spectroscopy, SDS-PAGE, and light
scattering, indicating that the proportion of the Cyt bse2 and HTHP impacts the assemblies. Chapters 2, and 3
utilized the pyridyl disulfide moiety to selectively react with the active thiol group forming the disulfide bonding
as a linker in the Cyt bs62—GFP heterodimers and GFP homo-oligomers, respectively. The eight Cyt bse2—GFP
heterodimers exhibited efficient energy transfers up to 96%. The results imply that the chromophore distances
and favorable conformations are crucial for efficient energy transfer. Moreover, the findings from GFP homo-
oligomerization via the thiol-disulfide exchange reaction suggest favorable conditions at 800 uM and 25 °C. An
equimolar ratio of the modified GEP and reduced GFP was found to be most suitable for the oligomerization.
The resulting oligomers characterized by size exclusion chromatography, mass analysis, SDS-PAGE, and atomic
force microscopic imaging indicate that the oligomers are flexible fibers. The anisotropy decay measurements
demonstrated homo-FRET in the higher-ordered GFP oligomers in comparison to the monomer and dimers.

The findings of this study contribute to the established methods in designing artificial protein assemblies. In
particular, for the pertaining of both hetero- and homo-protein assembling systems via site-specific and efficient
pathways. The supramolecular interaction between the heme and heme pocket of hemoproteins afforded the
hetero-protein assemblies of the engineered Cyt bsé2 and HTHP, whilst the interprotein thiol-disulfide exchange
reaction was utilized for the Cyt bs62—GFP hetero-dimerization and GFP homo-oligomerization exhibiting

efficient energy transfer.
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