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The introduction of isotopic enrichment of macromolecules with 13C and 15N and the
advent of multidimensional, heteronuclear techniques has increased the molecular weight
limit for studies by high resolution NMR into the 50-100 kDa range. Besides providing
structural and dynamical information, NMR is a unique tool for the study of biomolecular
interactions in solution. The studied interactions traditionally comprise ligand binding,
macromolecular aggregation, and solvent interactions, but more recently also hydrogen bonds
(H-bonds).

In the first part, we will show results on the spectroscopy of individual H-bonds. The
study of such interactions has been made possible by the discovery of electron-mediated,
scalar couplings across H-bonds in RNA, DNA, proteins, and their complexes. These scalar
couplings give evidence for the correlated motion of electrons on both sides of the hydrogen
bridge. As a practical application, they can be used to identify all three H-bond partners, i.e.
the donor, the acceptor and the proton from a single COSY experiment. The size of the trans-
hydrogen bond scalar couplings is a sensitive function of the donor-acceptor distance.
Therefore, the couplings are a precise monitor of the H-bond geometry. We will describe
applications to a number of different folded and unfolded biomacromolecules and discuss the
possibility to obtain insights into macromolecular stability and macromolecular interactions
from the exact quantitation of the H-bond couplings.

In the second part, we will show results on the NMR determination of structure and
interactions of several macromolecular complexes. NMR spectroscopy is one of the few
methods yielding information on weak molecular interactions. Classically, contact surfaces
for such interactions can be derived by chemical shift perturbations. However, more recently
the information from weak anisotropic alignment forces and from anisotropic diffusion can
be used to orient reaction partners relative to each other. We will give examples for protein
complexes involved in cell-cell adhesion and multidrug resistance.

1. Bax, A. and S. Grzesiek, Methodological Advances in Protein NMR. Accounts of Chemical Research, 1993. 26(4): p. 131-138.
2. Grzesiek, S., A. Bax, G.M. Clore, A.M. Gronenborn, J.S. Hu, J. Kaufman, I. Palmer, S.J. Stahl, and P.T. Wingfield, The solution

structure of HIV-1 Nef reveals an unexpected fold and permits delineation of the binding surface for the SH3 domain of Hck tyrosine
protein kinase. Nature Structural Biology, 1996. 3(4): p. 340-345.

3. Dingley, A.J. and S. Grzesiek, Direct observation of hydrogen bonds in nucleic acid base pairs by internucleotide (2)J(NN) couplings.
Journal of the American Chemical Society, 1998. 120(33): p. 8293-8297.

4. Cordier, F. and S. Grzesiek, Direct Observation of Hydrogen Bonds in Proteins by Interresidue 3hJNC’ Scalar Couplings. J. Am. Chem.
Soc., 1999. 121: p. 1601–1602.

5. Cordier, F., C. Wang, S. Grzesiek, and L.K. Nicholson, Ligand-induced strain in hydrogen bonds of the c-Src SH3 domain detected by
NMR. J Mol Biol, 2000. 304(4): p. 497-505.

6. Jaravine, V.A., A.T. Alexandrescu, and S. Grzesiek, Observation of the closing of individual hydrogen bonds during TFE-induced helix
formation in a peptide. Protein Science, 2001. 10(5): p. 943-950.

7. Cordier, F. and S. Grzesiek, Temperature-dependence of Protein Hydrogen Bond Properties as Studied by High-resolution NMR. J Mol
Biol, 2002. 317(5): p. 739-52.

8. Sass, J., F. Cordier, A. Hoffmann, A. Cousin, J.G. Omichinski, H. Lowen, and S. Grzesiek, Purple membrane induced alignment of
biological macromolecules in the magnetic field. Journal of the American Chemical Society, 1999. 121(10): p. 2047-2055.

9. Sass, H.-J., G. Musco, S.J. Stahl, P.T. Wingfield, and S. Grzesiek, Solution NMR of proteins within polyacrylamide gels: diffusional
properties and residual alignment by mechanical stress or embedding of oriented purple membranes. J Biomol NMR, 2000. 18: p. 305-
311.


