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Rational design of protein molecular functions ('Graduate School of Arts and Sciences, The
University of Tokyo, *Graduate School of Science, The University of Tokyo)OMunehito Arai'-?

Protein molecules are essential for life phenomena and have diverse functions including binding
and catalysis. Rational design of such protein functions has been a great challenge. In this talk, I
will present our efforts of theoretical protein design to strengthen protein-protein interactions and
to accelerate an enzyme reaction. I will also show an example of sophisticating protein function
by rational connection and multimerization of proteins.

Many proteins exert their functions through protein-protein interaction (PPI) with other proteins
in vivo. Since PPI is also involved in various diseases, designing proteins for PPI inhibition is
directly related to drug discovery. We focused on the interactions of the KIX domain of the
transcriptional coactivator CBP with various transcriptional activators. These PPIs are involved in
leukemia, cancer, and viral infections. Using fragments of the KIX-binding transcriptional
activators MLL and c-Myb as templates, we attempted to theoretically design peptides that bind
KIX more tightly than the wild type. We were able to create such peptides by rational design using
the Rosetta software and secondary structure prediction.

We are also working on the development of the methods to rationally improve enzymatic activity.
We searched for the mutants that could accelerate the rate-limiting step in the catalytic cycle of
dihydrofolate reductase (DHFR) by theoretical comprehensive mutation analysis. Many of the
designed mutants showed high activity as predicted. Moreover, we succeeded in increasing the
DHEFR activity by 4-fold with a single amino-acid substitution.

In addition, we rationally designed a protein that changes its binding partner in a pH-dependent
manner. Specifically, by connecting an antibody-binding protein, Protein A, with a protein that
dimerizes at low pH, we created a chimera that binds to antibody at neutral pH and dissociates it by
dimerization at low pH. This chimera is expected to be used for purification of antibodies. Rational
design of such "mutually exclusive binding" will be useful in regulating protein functions.
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