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The proteins within a cell participate in complex interactions that regulate cell growth, division and signal transduction pathways. There are numerous classical biophysical techniques that can provide quantitative information about these interactions and their

regulation. Advances in instrumentation and analysis methods continuously expand and modernize this powerful array of complementary approaches. The goal of this workshop is to present new developments and applications of a broad range of physical techniques that are appropriate to the study of protein-protein, protein-DNA and protein-lipid interactions. These techniques will include sedimentation velocity and equilibrium

analytical ultracentrifugation, surface plasmon resonance, titration calorimetry, dynamic light scattering, fluorescence and CD spectroscopy, and total internal reflection fluorescence microscopy. The systems for which these techniques are appropriate, often in a complementary manner, include soluble complexes, membrane associated receptors, simple A+B or A+2B systems, as well as more complicated scenarios involving multiple

binding partners, cooperative processes and complex formation linked to higher order self-association. There will be six 15 minute talks, each followed by a 5 minute discussion period, with a panel discussion at the end.
Analysis of Protein-Nucleic Acid Interactions by Sedimentation Equilibrium and Fluorescence Spectroscopy.
Jim Cole, University of Connecticut
Sedimentation equilibrium is a classical method to characterize the stoichiometry and energetics of molecular interactions. Unlike many techniques used to study protein-nucleic acid binding equilibria, in analytical ultracentrifugation the reactions are characterized in free solution.   However, detailed analysis of interactions involving dissimilar partners is challenging due to the large number of adjustable parameters. Frequently, it is necessary to apply constraints in the fitting process.  In the case of protein-nucleic acid interactions, where the two reactants have different absorption spectra, global analysis of data obtained at multiple wavelengths is particularly useful. This approach will be illustrated for several protein-nucleic acid systems to define assembly mechanisms, binding affinities and cooperativity parameters.  It is beneficial to employ multiple, complementary techniques to assess the reliability of models and fitted parameters. Fluorescence spectroscopy is a sensitive and convenient solution method to characterize protein-nucleic interaction using oligonucleotides labeled with extrinsic probes. The results obtained using these complementary approaches will be compared.

Cooperative Interactions in the Ca2+-Calmodulin and Ca2+-S100P Systems by Titration Calorimetry

George Makhatadze
Penn State College of Medicine, Hershey, Pennsylvania 17033

Protein-protein interactions can occur without changes in the conformations of the interacting partners. However, the majority of interacting systems actually do undergo conformational changes that sometimes involve folding of the unstructured segment of the protein into á-helical conformation. Thus the energy of protein protein interactions includes unfavorable energy of helix folding. The thermodynamic linkage of helix folding and complex formation occurs upon target recognition by two unrelated Ca2+- binding proteins: calmodulin (CaM) and S100P. We used isothermal titration calorimetry (ITC) to measure the thermodynamics of binding of various peptides to CaM and S100P, and several spectroscopic methods to monitor the conformational changes upon complex formation. The difference in the energetics of complex formation for different peptides was correlated with their intrinsic helix forming propensities. The major difference in the peptide target recognition by CaM and S100P is the stoichiometry of binding. CaM forms 1:1 complex with the target peptide molecule while S100P dimer binds two peptides molecules with a moderate cooperativity.

References: 1. Brokx RD, Lopez MM, Vogel HJ, Makhatadze GI (2001) J Biol Chem 276:14083-14091. 2. Gribenko AV, Guzman- Casado M, Lopez MM, Makhatadze GI (2002) Prot. Sci. 11:1367- 1375.

Quantifying the Energetics of Cooperativity in a Ternary Protein Complex

P.S. Andersen1, P.S. Schuck2, E.J. Sundberg3 and R.A. Mariuzza3
1Symphogen A/S, DK-2800 Lyngby, Denmark; 2Division of Bioengineering and Physical Science, National Institutes of Health, Bethesda, MD 20892-5766; 3Center for Advanced Research in Biotechnology, 9600 Gudelsky Drive, Rockville MD 20850

The formation of complexes involving more than two proteins is critical for many cellular processes. Energetically, these interactions cannot always be described simply by the additive effects of the individual binary reactions that make up the overall complex, due to cooperative interactions between proteins. Thus, understanding multiprotein complexes requires the quantitative analysis of cooperativity. We have used surface plasmon resonance techniques and mathematical modeling to describe the energetics of cooperativity in a trimolecular protein complex. As a model system, we studied the ternary complex formed by the simultaneous interaction of a superantigen with MHC and T cell receptor, for which structures are available. This system exhibits positive and negative cooperativity, as well as augmentation of the temperature dependence of binding kinetics upon the cooperative interaction of individual components in the complex. Our experimental and theoretical analysis may be applicable to other systems involving cooperativity.

Quantitative Characterization of Heterologous Interactions by Sedimentation Velocity.

Walter Stafford, BBRI

Genomic and Proteomic studies have produced a tremendous amount of information concerning the number and identity of the proteins coded by the genome. Identifying the functions of these proteins is a major challenge. Mapping the interactome, i.e. the identification of functional protein-protein interaction pairs, by high through-put array methods can produce only qualitative information that includes false negative and false positive responses. It will be the role of "classical" quantitative biophysical techniques to characterize the interaction pairs fully and to eliminate false positives. Analytical ultracentrifugation has played, and will continue to play, an important role in the investigation of protein-protein interactions. Global fitting to sedimentation velocity time difference data, thus eliminating systematic errors, with two programs, ABCD_Fitter (MAC, LINUX) and SedAnal (WINDOWS), will be described. Both interacting and non-interacting systems can be analyzed to determine interaction parameters including forward and reverse rate constants, association constants, molecular weights as well as concentration dependence of both sedimentation and diffusion coefficients. Analysis of tubulin indefinite self-association, tubulin-kinesin interaction, and GrpE-DnaK interaction, among others, will be presented.
Protein Dynamics Near Membrane Surfaces: Measurement by Total Internal Reflection with Fluorescence Correlation Spectroscopy
Nancy L. Thompson, Tammy E. Starr, Alena M. Lieto and Randall C. Cush
Department of Chemistry

Campus Box 3290

University of North Carolina

Chapel Hill, NC 27599-3290

Total internal reflection with fluorescence correlation spectroscopy (TIR-FCS) is a method for characterizing the dynamic behavior and absolute concentrations of fluorescent molecules near the interface of solution and a planar substrate.  The local diffusion coefficients and concentrations of a fluorescently labeled, monoclonal IgG in the solution adjacent to supported phospholipid bilayers have been measured by using TIR-FCS. TIR-FCS data were obtained as a function of membrane composition, pH, and ionic strength.  Best fits to previously determined theoretical forms provided measures of the average local IgG concentrations and diffusion coefficients.  These values were compared to the bulk concentrations and diffusion coefficients, measured far from the membrane, by using FCS with a focused beam. The IgG concentrations close to the membrane surface were not significantly different from those in the bulk.  However, the local diffusion coefficients, as measured by TIR-FCS, were faster at low ionic strength and slower at high ionic strength.  The observed ionic strength dependence of the local diffusion coefficient was not observed in the bulk. The construction of supported phospholipid bilayers on high refractive index substrates, which can be used to form much thinner evanescent waves, will also be discussed.

Hydrodynamic size-and-shape distributions of protein complexes by global modeling of sedimentation and dynamic light scattering
Peter Schuck, NIH
The measurement of the molar mass distribution of protein complexes in free solution is an important problem in many disciplines. The classical first-principle methods of sedimentation and dynamic light scattering are frequently methods of choice. However, their drawback is that they can give only either low resolution of the molar mass distribution, or higher resolution of more indirect measures such as Stokes radii and sedimentation coefficient distributions. The present paper describes the determination of a comprehensive two-dimensional size-and-shape distribution by global analysis of sedimentation and dynamic light scattering experiments. This is an extension of the well-known analysis of autocorrelation data to obtain a diffusion coefficient distribution, in combination with recent results on modeling sedimentation experiments directly with the underlying transport equation and sedimentation coefficient distributions. For macromolecular species that are stable on the time-scale of the experiment and in dilute solutions, this global analysis can give information on the distributions of molar mass, size, and shape of macromolecular mixtures at significantly higher resolution than previously possible.

