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Title 

Assemblies of chromophore-containing proteins via supramolecular 
interaction and disulfide bonding toward hetero-oligomerization and 
energy transfer systems 
(ヘテロ多量体とエネルギー移動システムの構築を指向した超分子相互作用および

ジスルフィド結合による色素含有タンパク質の集合化) 
 

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 b562 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 b562 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 b562 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 b562–GFP heterodimers and GFP homo-oligomers, respectively. The eight Cyt b562–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 µM 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 b562 and HTHP, whilst the interprotein thiol-disulfide exchange 
reaction was utilized for the Cyt b562–GFP hetero-dimerization and GFP homo-oligomerization exhibiting 
efficient energy transfer.     
 
 
 
 
 
 
 
 
 
 

 



�

ä » ō �

5��$�.#�1�����/�

� � � � � � � é � ¡ � Ň � 1 � � 	 � � � � � � � � 
 � � � � � ň �

ĪÒµáÈ½ē�

� Ňĕň� é� � � � � ¡�

n�á�

��á�

��á�

��á�

��á�

��á�

��á�

��á�

��á�

��á�

ÏÌ�

ÏÌ�

ÏÌ�

ÏÌ�

ÏÌ�

ÏÌ�

ÏÌ�

ÏÌ�

ÏÌ�

ÏÌ�

ß� ņ��

³·� î�

ĖÛ� ŀo�

âü� Ĵ�

ę�� ī��

æs� Ę��

vm� �u�

~|� Öĉ�

m·� �i�

�ô� ±¼�

5��$�.#�1��

ù��05�ä�OSgZKĭ4Ł���°¦&�ù¥í�PÁĞOåĖD�àĀPħ¶&L�A�GBP��İº

05�u¹ĀPSgZKĭDŁ��AFAÆë�ĝÑĽÉABL�A�ÜĪÒ5�ėĊ£ÚSgZKĭDãÄĞĊN'

Au¹SgZKĭŁ��D;%&�į�¯ār�ú=�Úč�D�ú&IþąSgZKĭ4Ł��NSgZKĭŁ�

��4ėĊľP�"AHWeJhĄ�P.�LģıABL�A��

ć  Ć05�ĺ_e\FdgĻ�06A]bDėĊN&L£W]bSgZKĭDãÄĞĊN'AÕ§þąSgZK

ĭŁ��4ãĈP.�LıUL�A�ãÄĞĊN&L5�]bSgZKĭŌĹ�06A 
�
� N�Ä]bDSgZKĭ

ěŃP¶�&IOUKfb ����DĶÇ&L�A�GBHB��¸ãĲ4Įõ�>SĐĎ÷ãĲ�N&LåĖ'A��ö

Ýyk0�#B?Ŋ.4SgZKĭDñ�'A#N0�zÃ4Õ¾Ł���¿?BA#NDğ�&L�A�¿?BIŁ

��5NGRÍĿKf`ULc\Fh�>SMełêì���Ā�Ðp��ġċ¬¤�Q^KUeò´P>@Ĥ�&L

�@�¾Ä&IŁ��P�"AGBHB4ãÄĞĊ4Ä�èDĥČPÔ?�P&�óðm4ãĲDqò&L�A��

ćŊĆ05�OUKfb ����NďėĚ�SgZKĭ06A 	%� 4þąľSgZKĭŁ��NHWeJhĄ�P.�L

ıUL�A�Ł��P5PQe\FVč�¾ÄDú�L�A��þąľ04Ł��D�øĀPĵÄ'AI;�9(OU

Kfb ����P«þ¶�&IOQTGgD[dPePQe\FV¨P«Î&�	%� ěŃP¶�&IOQTGgD�ÂAF

AÅýDú�L�A�¿?BA]TfŁ��5Mełêì��>SĭĹ�Þ0Ĥ�AB�	%� 4Ě��OUKfb ����

m4]bT4HWeJhĄ�P>@�ø>!ï�'A#NDğ�&L�A�PQe\FV0ĳč'AbaXķç¨4

}đ�þOAĝÑ4Ł���ĨĜAB�ĥČO��²ĀĤ�P>@�Ù®0 ���4�ø0HWeJhĄ��Į#A#N

DĂĦ&L�A��

ćŋĆ05�PQe\FVč�0ĳOJI 	%� 4­Ĺ�4ĨĜNHWeJhĄ�P.�LıUL�A�	%� PŊ.4

OQTGgD¶�&I«þ�DĨĜ&�[dPePQe\FV¨D�ú&IPQe\FVtÎ�ÂD�ú'A#N0�

ėĊ4ãĲD�JI99�øĀPŁ��0 A#NDğ�&L�A�Ł��5Mełêì�=�¯ľ�ńÀļP>@

ĐĎ÷06A#N�ăAB�×ľ�Ģ�¢Ě�Ģïò´P>@��ËŁĖN&LĸĞNĒ9?BL�A iėĊľ04

HWeJhĄ���øĀPĮ#JL�A#NDÔ?�P&L�A��

xj4>8P�ÜĪÒ5�ÓĠYGI`Tde4ĽÿDÊ¢&L�ĝÑąŅ4ėĊ£ÚSgZKĭ4Ł��=¿?B

ASgZKĭŁ��P�"AHWeJhĄ�DĤ�&�¿?BIą�4čàP.�Lĥ&!ĬĪ&L�A��

>JLÜĪÒ5�ªĪÒN&L��6A<4NĦ;A��

 
  


