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Direct Observation of Hydrogen Bonds and NMR Structural
Analyses of Nucleotide-Binding Proteins
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Hydrogen bonds play key important roles for stabilizing biomolecular structure and
for recognition in biomolecules. Recently, the presence of scalar couplings between
atoms in donor and acceptor groups of a N-H---O=C hydrogen bond in proteins were
reported. These findings provide powerful tools for direct identification of hydrogen
bonds in proteins by heteronuclear NMR.

However, these scalar couplings across hydrogen bonds are very small, less
than 1 Hz. Therefore, the detection of hydrogen bonds is difficult, suffering from low
sensitivity in the experiments. Despite this difficulty, I was able to observe hydrogen
bonds through scalar couplings in a protein whose structure was unknown, and
demonstrated that the obtained information could facilitate the structural
determination.

I have determined the solution structure of hMTH1 (18 kDa) using the direct
determination method of hydrogen bonds. hMTHI1, a repair enzyme, is a
pyrophosphohydrolase which hydrolyses oxidized nucleoside triphosphates (8-oxo-
dGTP and 2-OH-dATP) to yield its monophosphate form, and thus prevents
misincorporation of the oxidized nucleoside into genome DNA. These oxidized DNA
precursors have potentials to produce alternations in DNA by GC-AT conversions,
which are thought to be related a wide variety of physiological phenomena. In

addition, from chemical point of view, the molecular recognition of h(MTHI is




intriguing, because the structure alternation on nucleotides caused by oxidation is
much smaller than other modifications, such as a thymine dimer formation caused by
ultra-violet irradiation. I was interested in the mechanism how the protein recognizes
such a small chemical modification.

To clarify structural basis for molecular recognition and enzymatic reaction of
proteins, tools for detailed analyses of interaction between proteins and
substrates/ligands are indispensable. In particular, protein-phosphate interaction is of
special importance as many protein ligands contain phosphate groups. Nevertheless,
using currently available NMR techniques, information concerning interactions
between proteins and phosphates of ligands is difficult to be obtained, due to rareness
of protons in the vicinity of phosphates. Development of the tool has been one of
principal aims of this study. I have developed a novel NMR technique, "HNPO",
which allows direct identification of intermolecular hydrogen bonds formed between
amide groups in protein and phosphates. Although this novel technique is a logical
extension of a previously reported method for detection of intra-molecular hydrogen
bonds in proteins, this is the first technique to identify unambiguously donor and
acceptor groups of N-H---O=P hydrogen bonds. A series of experiments were also
designed for measurements of the magnitude of the scalar coupling constants
between "N and *'P, and between 'H and *'P. I will discuss structure-function

relationship of hMTH1 and the methodological development in my thesis.
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