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Development of a method to build a protein atom model including hydrogen and
proton by quantum chemical calculations
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In X-ray crystallography of protein molecules, hydrogen atoms and protons
are generally not observed, and their positions cannot be determined. Therefore, a method was
developed to find candidates from exhaustively generated hydrogen-bonding network models with
positions of observed non-hydrogen atoms adopted by comparing their energies using quantum chemical
calculations.

The strategy of this method is a straightforward one, but since quantum chemical calculations for a
large number of models are computationally very resource-intensive, it is important to clarify the
necessary computational accuracy and efficient computational procedures in order to improve the
effectiveness of the method. We applied the method to systems including several carboxyl groups and
explored the method®s improvements and limitations.
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