The QIR Project: Quantum-Based Refinement of Biomacromolecules
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Protein structure determination is largely reliant on crystallography (X-ray, neutron or electron), electron
cryo-microscopy (Cryo-EM) or NMR experiments. Refinement is the final step in obtaining accurate three-
dimensional atomic model based on experimental data. Since the quality of the data (e.g., resolution) is
rarely sufficient to utilize these data alone, this step has traditionally relied on parameterized libraries that
describe stereochemistry of the molecules in question. The libraries used in major refinement packages do
not describe unusual local arrangements of protein residues in the Ramachandran space, novel ligands, or
non-covalent interactions such as = stacking, halogen, hydrogen or salt bridges. In particular, structures
obtained using low-to-medium resolution data are biased by simple harmonic geometry restraints derived
from these libraries. Quantum chemical computations can yield accurate geometries for standard protein or
RNA/DNA molecules as well as novel ligands.

The methods we are developing in the Q|R project [1-4], an open-source software package
(http://github.com/grefine), combine experimental data with chemical restraints derived from quantum-
chemical computations [1-5]. These procedures allow at present rather straightforward quantum refinement
of proteins containing amino acids and organic ligands, in conjunction to both X-ray crystallography and
Cryo-EM experiments. Replacing standard restraints by the ones derived from QM has shown to
significantly improve model geometry, considering both the overall aspects of model and model-to-data fit
statistics, as well as specific detailed structural features, in particular the hydrogen bonding. However,
extension of the Q|R procedures to very large proteins, and its routine use by the community still poses
challenges on the employed algorithms and QM-based computations, which will be discussed in this talk.

Crystallography methods + Software development + QM resources
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Figure 1. Q|R: blend of expertise and software tools
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