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Background 
  Scattering properties (scattering length, electron 

density) difference between solute, solvent, and solvent 
layer 

    

   Crysol 

  Criticism of  the implicit model 
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Structure factor correction 

A Rapid Coarse Residue-Based Computational Method for X-Ray Solution Scattering Characterization of  
Protein Folds and Multiple Conformational States of  Large Protein Complexes. Sichun Yang et al, 
Biophysical Journal, 2009, 96, 4449–4463 
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Solvent molecule assignment 

Improved Fitting of  Solution X-ray Scattering Data to Macromolecular Structures and Structural Ensembles 
by Explicit Water Modeling. Alexander Grishaev et. al., J. AM. CHEM. SOC. 2010, 132, 15484–15486 

•  r < rvdw: displaced 
•  rvdw+rwat < r  < rvdw+rwat+3: surface 
•  rvdw < r < rvdw+rwat:  

mol wat 

r

solv surf  disp 

Avoid cavity 

  Solvent molecule assignment 
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Spherical method 

Modeling the Hydration Layer around Proteins: Applications to Small- and 
Wide-Angle X-Ray Scattering. Jouko Juhani Virtanen et al. Biophysical Journal 2011, 101 2061–2069 

  Babinet’s principle: expansion 

  Boundary effects 
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f/g: the electron density of  the 
water/protein envelop sphere  



Cube method 

Modeling the Hydration Layer around Proteins: HyPred. Jouko Juhani Virtanen et al. Biophysical Journal 
2010, 99, 1611–1619 

  HyPred 

  Cube method 

Modeling the Hydration Layer around Proteins: Applications to Small- and 
Wide-Angle X-Ray Scattering. Jouko Juhani Virtanen et al. Biophysical Journal 2011, 101 2061–2069 
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Difference scattering 

Simulated x-ray scattering of  protein solutions using explicit-solvent models. Park et al. J. Chem. Phys. 2009, 
130, 134114 

homogenous 

Assuming no electron density correlation between proteins 
Assuming  
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Difference scattering 

Atomic-resolution structural information from scattering experiments on macromolecules 
in solution. Jurgen Kofinger and Gerhard Hummer. PHYSICAL REVIEW E 87, 052712 (2013) 

f: volume fraction of  protein in solution 
(:=0 at low scattering angle) 

{
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Summary 
  Explicit vs Implicit 

  Implicit solvent subtraction 

  Experimental background subtraction 

  Fully atomistic model 

  SASSIE? 
  Sophisticated solvent layer construction 
  Scattering factor correction 
  Spherical or cube method? 
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