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During the past five years, we have supported the drug-design activities of numerous scientists in Japan by
providing various isotope-labeled amino acids, including novel SAIL amino acids with specialized labeling patterns.
In so doing, we facilitated the dissemination of the SAIL method and searched for useful information for

structure-based drug design.

(1) Preparation of SAIL proteins using in vivo expression systems: Considering the fact that the cell-free
expression imposes an extra obstacle to disseminating the SAIL method, we re-examined conventional E. coli
expression protocols for preparing labeled proteins. To do so, we used mass spectrometry to measure the
relationships between the incorporation rates vs. the amounts of added amino acids under various conditions; i.e.,
by controlling the enzymatic activities related to the amino acid metabolism with various inhibitors, or by using
auxotrophic mutants lacking pertinent genes. Consequently, we successfully prepared proteins with as many as 13
labeled amino acids.

(2) Residue-selective SAIL labeling: Having established a practical alternative to prepare residue-selectively
labeled proteins using in vivo expression systems, we pursued further innovation of the SAIL method, in order to
obtain structural and dynamic information for the selected regions of drug targets, such as larger protein complexes,

antibodies, or membrane proteins. To this goal, we closely collaborated with the NMR research scientists at Nagoya
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University, and developed various novel methodologies aiming to support drug development activities.

(a) Obtaining valuable structural information for larger proteins: Nowadays, the structures of proteins can be
readily determined by X-ray analysis or electron microscopy; therefore, the role of NMR as a structure
determination tool has rapidly diminished in drug development endeavors. For this reason, the methyl NMR signals
are widely used as the sole structural probes for larger proteins with known structures. We have extended this
“methyl only” approach by including aromatic ring signals, which could be observed for the first time by using
relaxation optimized SAIL amino acids. The “methyl and aromatic ring” approach allows us to obtain more reliable
information from residues that are ubiquitously distributed in the protein interiors and surfaces.

(b) Interface dynamics for protein-drug complexes: The most prominent feature of the structural information
obtained by NMR is that it contains a time variance together with the coordinates for atomic positions.
Conventional NMR approaches for drug development activities largely depend on the chemical shift changes in
proteins induced by drug binding. We investigated the interfacial dynamics for protein-drug complexes by using
proteins selectively labeled with SAIL aromatic amino acids, and found that even though the static structures are
almost identical, the large-amplitude dynamics, monitored by the aromatic ring flipping rates, could be distinct for

different drugs. The observation opens a new possibility for “dynamic structure-based drug design”.
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