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Muitiplewavelength Anomalous Diffraction method
with Genetic Engineered Proteins
—Rapid Structure Determination of Biological Macromolecules—

Atsushi NAKAGAWA
Institute for Protein Research, Osaka University

Macromolecular crystallography is a powerful tool used to study complex biological systems. Recent
progress of structural biology reveals many biological activities from atomic structures of biological macro-
molecules. However, by comparison with molecular genetics, progress in research on protein structure has
been painfully slow, not only because of the great diversity that protein structures have proven to have; but
also because of the technical problem of obtaining protein crystals and solving the crystallographic phase
problem Multiplewavelength anomalous diffraction (MAD) method is a powerful technique to solve the
crystallographic phases. In principle, MAD method requires heavy atom (s) in a sample, however, most bio-
logical macromolecules, such as proteins; do not contain heavy atoms in a native molecule Genetic en-
gineering technique enable us to produce a selenomethionyl proteins, of which methionine residues are
replaced by selenomethionine; and anomalous scattering effect of selenium atom can be used for phase de-
termination by MAD method. When an expression system of protein is constructed, it is straightforward to
make a selenomethionyl protein, and it is almost true that the structure determination can be done success-
fully when a MAD diffraction data of selenomethionyl protein crystal is collected, and no other crystals are
required. Combination of MAD method and genetic engineering technique enable us rapid and almost
direct structure determination of biological macromolecules.
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Figure 2. Flow chart of overproduction system of selenomethionyl protein.
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Figure 4. Expected anomalous signal size versus number of amino acid residues (a) Maximum Bijvoet diffraction ra-
tio. (b) Maximal dispersive diffraction ratio. Expected values for K-edge experiments are shown by the thinner solid
lines for the case of 1 site per molecule and by the dashed lones for 5 sites per molecule. Expected Ly-edge experiments
are shown by the thicker solid lines for 1 site per molecule and by the shorter dashed lines for 5 sites per molecules. This
figure is produced using the same formula as shown in the Ref. 28.
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Figure 7. Experimental map of Yb-MRPS calculated by SAD
method superimposed with refined model.
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