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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 proteins with 

new functions. Many of protein design studies have been 
conducted using naturally occurring protein structures as 
design scaffolds. However, since naturally occurring proteins 
have evolutionally optimized their structures for their func-
tions, implementing new functions into the structures of
naturally occurring proteins is difficult for most of cases. 
Rational methods for building any arbitrary protein structures 
completely from scratch provide us opportunities for creating 
new functional proteins. In our lab, we tackle to establish
theories and technologies for designing any arbitrary protein 
structures precisely from scratch. The established methods 
will open up an avenue of rational design for novel functional 
proteins that will contribute to industry and therapeutics.

Keywords Structural Biology, Protein Folding, Protein Design for Structure and Function

KOGA, Nobuyasu
Associate Professor
[nkoga@ims.ac.jp]

Member
Research Fellow

KOGA, Rie

Secretary
SUZUKI, HirokoEducation

2001 B.S. Kobe University
2006 Ph.D. Kobe University

Professional Employment
2003 JSPS Research Fellow
2006 Postdoctoral Fellow, Kobe University
2007 Postdoctoral Fellow, Kyoto Universtiy
2007 JSPS Postdoctoral Fellow for Research Abroad
2009 Postdoctoral Fellow, University of Washington
2014 Associate Professor, Institute for Molecular Science

Associate Professor, The Graduate University for Advanced 
Studies

2014 JST-PRESTO Researcher (additional post) ( –2017)

Awards
2013 Young Scientist Award, The 13th Annual Meeting of the  

Protein Science Society of Japan
2013 Young Scientist Award, The 51st Annual Meeting of the  

Biophysical Society of Japan

Protein Design Using Computational and 
Experimental Approaches

Research Center of Integrative Molecular Systems
Division of Trans-Hierarchical Molecular Systems



81

Annual Review 2014

1.  Principles for Designing Ideal Protein 
Structures

Understanding the principles for protein folding is com-
plicated by energetically unfavorable non-ideal features—for 
example kinked α-helices, bulged β-strands, strained loops 
and buried polar groups—that arise in proteins from evolu-
tionary selection for biological function or from neutral drift. 
Here, we uncovered the principles for protein folding by
designing “ideal” protein structures, which are stabilized by 
completely consistent local and non-local interactions. We 
discovered a set of rules relating local backbone structures 
(secondary structure patterns) to tertiary motifs (Figure 1 left), 
which were identified using a combination of folding simula-
tions and analyses of naturally occurring proteins. Building 
backbone structures according to the rules (Figure 1 top right) 
and placing side chains stabilizing the backbone structures, we 
can readily design the proteins that have funnel-shaped folding 
energy landscapes leading into the target folded state. Using 

this approach, we designed sequences predicted to fold into 
ideal protein structures consisting of α-helices, β-strands and 
minimal loops, using the Rosetta program. Designs for five 
different topologies were found to be monomeric and very 
stable and to adopt structures in solution nearly identical to the 
computational models (Figure 1 bottom right). These results 
suggest that the tertiary folded structures are determined by 
the local backbone structures rather than the details of amino 
acid sequences.
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Figure 1.  Left: Rules relating local backbone structures to tertiary motifs. Right: De novo designed protein structures.
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