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Binding Sites for DNA on a DNA-Unwinding Protein, Probed by Hydrogen/ Deuterium Exchange Fourier Transform Ion Cyclotron Resonance Mass Spectrometry
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Introduction


The archaebacterial MCM A “helicase” protein from Sulfolobus solfactaricus is a model for understanding DNA unwinding. Although interactions of the DNA double-strand portion within the central channel are known, interactions with the excluded unwound single-strand on the exterior surface of the helicase have mostly been ignored. 

Experimental


By “spray-painting” the DNA:protein complex (by exposing it to D2O), we can map the DNA:protein contact regions as those that are protected against H/D exchange relative to the free protein.  Each H replaced by D increases the protein mass by 1 mass unit.  To determine the location of that replacement, we enzymatically cut the protein into small segments, and weigh them in the MagLab’s 14.5 tesla Fourier transform ion cyclotron resonance mass spectrometer.  That instrument readily resolves and identifies dozens of segments, to provide a detailed map of the contact surface(s (see Figure 1).

Results and Discussion


In this way, we provide direct evidence for binding of the unwound single-strand portion of the DNA, not just the previously characterized double-strand portion.
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Figure 1.  Maps of the surface of a DNA-unwinding protein, based on H/D exchange, hydrophobicity, and electrostatics.  Regions i, ii, and iii show regions that are solvent-exposed in the free protein, but protected against H/D exchange in the DNA:protein complex.  Comparison of the three maps helps to show which protein properties determine the sites of DNA:protein interaction.
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