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The resolution of a macromolecular electron density map is crucial for proper biological 
interpretation of structure and function.  In crystallography, the resolution is set by the 
highest scattering angles recorded in the diffraction pattern.  The biggest limitation and 
frustration associated with X-ray crystallography is the fact that more often than not, 
macromolecular crystals do not yield diffraction patterns with Bragg peaks extending to high 
angles.  Such Bragg peaks are the result of the coherent addition of scattering from the 
many regularly arranged molecules in the crystal, and their absence at high scattering angles 
is due to a loss of periodicity at a particular length scale—either due to a variability in the 
molecular structures in the crystal, or due to a variability in the rigid-body positions of those 
molecules, or both.  

	 In the case of large macromolecular complexes, one may expect that the loss of high-
angle Bragg peaks is not the fault of the molecules, but just their arrangement.  That is, 
random translational disorder suppresses the coherent addition in Bragg peaks, as can be 
described by the familiar Debye-Waller factor.  But the molecules themselves still diffract as 
strongly as they would if they were perfectly periodically arranged.  At the high scattering 
angles beyond the Debye-Waller cut off, this “single molecule” continuous diffraction 
accumulates incoherently from all molecules.  That is, the disordered crystal provides the 
means to deliver a large number of aligned molecules into an X-ray beam, and a new 
concept for macromolecular structure determination.  The continuous diffraction allows for 
de novo phasing, using iterative phasing algorithms of coherent diffractive imaging, enabled 
by the large increase in information recorded as compared with the Bragg peaks alone.  We 
demonstrate these ideas on diffraction recorded at the LCLS from a large macromolecular 
complex, improving resolution from 4.5 Å to 3.5 Å and obtaining a model-free electron 
density image. 

Continuous “single molecule” diffraction measured from photosystem II crystals with 
translational disorder (left) and the three-dimensional electron density map that was 
reconstructed directly from the diffraction using iterative phasing (right). 
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