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Nuclear magnetic resonance (NMR) is one of the most powerful tools for the structural
studies of biological macromolecules. Here a novel method is developed to obtain the
structural information of the protein using a paramagnetic metal. The paramagnetic metal
chelate complex Cu’’-iminodiacetic acid (Cu*’~IDA) was mixed with ubiquitin, a small
globular protein. Quantitative analyses of 'H aﬁd N chemical shift changes aﬁd line
broadenings induced by the paramagnetic effects indicated that Cu”"-IDA was localized to a
histidine residue (His68) on the ubiquitin surface. The distances between the backbone amide
proton and the Cu** relaxation center were evaluated from the proton transverse relaxation
rates enhanced by the paramagnetic effect. These correlated well with the distances calculated
from the crystal structure up to 20 A. Here, 1 show that a Cu**~IDA is the first paramagnetic
reagent that specifically localizes to a histidine residue on the protein surface and gives the
long-range distance information which is useful for the structure determination of proteins.

The structure of the trinucleotide disease related DNA oligomers with its recognition
drugs was studied. The NMR structure of the CGG/CGG triad DNA complexed with
naphthyridine carbame dimer (NC) was determined by the complete relaxation matrix
calculation approach. The binding stoichiometry of NC to the CGG/CGG triad was exclusively
2:1, and two NC intercalated to the CGG/CGG ﬁ’iad. The four chromophores of NC formed
hydrogen bonds with the guanine in the CGG/CGG ftriad, and were stacking each others. Two
cytosine bases in the CGG/CGG triad were flipping out. The residual dipolar couplings
(RDCs) of the DNA bases and the NC chromophores confirmed the flipping out of these two
cytosine bases and revealed the non-flexible nature. The 1-ns molecular dynamics (MD)
simulations by AMBERS showed these two flipped cytosine bases interacted with the
hydrophobic surfaces consisting of the alkyl linkers and chromophores of NC and DNA bases.
This new type stacking interaction can stabilize the flipped out structure, Comparison with the
structures of naphtyridine azaquinolone (NA) complexed with the CAG/CAG triads revealed
the common mechanisms of the recognition. This informaﬁon is useful for the drug design to

enhance the specificity and affinity to the CAG/CAG, CGG/CGG, and other CXG/CXG triads.
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