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Crystallographic Analysis of U1A RNA Binding Protein Interactions with U1 snRNA


While protein-DNA interactions and protein-protein interactions have been characterized largely with the help of structure analysis, protein-RNA interactions are not yet well understood due to the small amount of structure and interaction analysis experiments performed on these types of interactions.  The conventional wisdom is that protein-RNA interaction will be dominated by electrostatic and other polar interactions.  However, Dr. Baranger of Wesleyan University has reported a mutation resulting in a 5.5kcal/mol (five fold) destabilization of the normally tight (in the pM range) complex formed between the N-terminal RNP domain of the U1A RNA binding protein and stem loop 2 of U1 snRNA when the Phe56 residue is mutated to Ala.  Baranger predicts that ~80% of the destabilization of the Phe56Ala mutant to the loss of stacking interactions and ~20% to U1A adaptation to the mutated amino acid.  This prediction is quite contradictory to many protein-RNA interaction models because the interactions are dominated by stacking and non-polar interactions, not by electrostatic or polar interactions.  By obtaining the crystal structure of the Phe56Ala mutant, the goal is to determine the accuracy of the predictions of Dr. Baranger, and to explain any deviations in the results from Baranger’s model in terms of protein-RNA interactions.

The Phe56Ala mutants of the U1A RNA binding protein will be created by site-directed mutagenesis and cloned into an expression vector in E. coli (strain HMS 174) for overexpression.  In addition, a poly histidine tag will be engineered onto the U1A protein in order to simplify the purification process.  Once made, the protein-RNA complex will be crystallized and prepared for analysis via X-ray crystallography.  Protein-RNA interactions will be characterized in terms of contribution to free energy based upon the structural differences in the free and bound states of both molecules with the aid of the HINT (hydropathic interaction) software developed by Dr. Kellogg of Virginia Commonwealth University.  In the end, new insights will be made as to how protein-RNA interactions are dictated by the protein and RNA sequence, contributing to a continually evolving model based prediction of all protein-RNA interactions.
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