How well do we understand macromolecular crystals?
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In X-ray structure determination, the R-value reports how well a model agrees with the experimental data. In small molecule crystallography, R-values of 3% are routinely reached. However, for biological macromolecules, R-values are normally around 20% and even when the data extend to atomic resolution, the average R-value is 14%. 

This is clear evidence that something is amiss; our current models of macromolecular crystal structures seem to be lacking. But what is this difference between our models and reality and how would we observe this difference, given that our prior knowledge about macromolecular structures is used to generate phases (and hence electron density) in the first place? 

In this talk, some answers to these questions will be presented. It will also be shown how model deficiencies hamper in particular the structure determination of problematic structures, such as membrane proteins and large macromolecular complexes. In these cases, only low resolution data might be available and the poor phase estimates currently obtainable result in noisy electron density maps. A better understanding of the shortcomings in our current models (and methods) could be an important factor to solving the most difficult structures and to improving the others.
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