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Selected Publications

Protein molecules spontaneously fold into unique three-
dimensional structures specified by their amino acid sequences 
from random coils to carry out their functions. Many of 
protein studies have been performed by analyzing naturally 
occurring proteins. However, it is difficult to reach funda-
mental working principles of protein molecules only by ana-
lyzing naturally occurring proteins, since they evolved in their 
particular environments spending billions of years. In our lab, 
we explore the principles by computationally designing pro-
tein molecules completely from scratch and experimentally 
assessing how they behave.

Protein design holds promise for applications ranging 
from catalysis to therapeutics. There has been considerable 
recent progress in computationally designing new proteins. 
Many of protein design studies have been conducted using 
naturally occurring protein structures as design scaffolds. 
However, since naturally occurring proteins have evolu-
tionally optimized their structures for their func tions, imple-
menting new functions into the structures of naturally occur-
ring proteins is difficult for most of cases. Rational methods 
for building any arbitrary protein structures com pletely from 
scratch provide us opportunities for creating new functional 
proteins. In our lab, we tackle to establish theories and tech-

nologies for designing any arbitrary protein structures pre-
cisely from scratch. The established methods will open up an 
avenue of rational design for novel functional proteins that 
will contribute to industry and therapeutics.
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1.  State-Targeting Stabilization of 
Adenosine A2A Receptor by Fusing a 
Custom-Made De Novo Designed α-Helical 
Protein

G-protein coupled receptors (GPCRs) are known for their 
low stability and large conformational changes upon transi-
tions between multiple states. A widely used method for 
stabilizing these receptors is to make chimeric receptors by 
fusing soluble proteins (i.e., fusion partner proteins) into the 
intracellular loop 3 (ICL3) connecting the transmembrane 
helices 5 and 6 (TM5 and TM6). However, this fusion approach 
requires experimental trial and error to identify appropriate 
soluble proteins, residue positions, and linker lengths for 
making the fusion. Moreover, this approach has not provided 
state-targeting stabilization of GPCRs. 

We designed fusion partner proteins customized for stabi-
lizing one of the class A GPCRs, adenosine A2A receptor 
(A2AR), in an inactive state. Class A GPCRs are the largest 
subfamily of GPCRs, and the receptors in the class have been 
suggested to undergo large conformational changes in TM6 

associated with TM5 upon the state transitions. We assumed 
that the TM5 and TM6 conformation could be fixed in a 
specific state through straight helical connections between a 
fusion partner protein and A2AR. Therefore, we sought to 
design α-helical protein structures de novo, of which the N- 
and C-terminal helices are, respectively, connected to TM5 
and TM6 of an inactive state A2AR structure without any kinks 
or intervening loops.

The chimeric A2AR fused with one of the designs (FiX1) 
exhibited increased thermal stability. We studied the stability 
of A2AR–FiX1 by measuring the apparent melting tempera-
tures in the clear-native polyacrylamide gel electrophoresis 
(CN–PAGE) method. The melting temperature was found to 
be significantly increased. For comparison, the melting tem-
perature for A2AR–BRIL (BRIL is one of the major fusion 
partner proteins) was also measured; the value was compa-
rable to those of A2AR–FiX1. Moreover, compared with the 
wild type, the binding affinity of the chimera against the 
agonist NECA was significantly decreased, whereas that 
against the inverse agonist ZM241385 was similar, indicating 
that the inactive state was selectively stabilized. Our strategy 
contributes to the rational state-targeting stabilization of 
GPCRs.

Figure 2.  Experimental characteristics of A2AR fused with or without 
fusion partner proteins.
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Figure 1.  Strategy for state-targeting stabilization of GPCR, using de 
novo designed fusion partner proteins.
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