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Small angle X-ray 
scattering - SAXS Crystallography 
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Average conformation in solution 

X-ray Detector !
Diffused 

X-ray!

Incident X-ray!

Solution!

qmax 

Model or envelope 
Data processing 

Analysis 
Ab initio  

Molecular model 

Crystal structure 

Crystal!

θmax 

3D structure 

Resolution 
Molecular replacement 

MAD, SAD, MIR,… 

Limiting factors: 
Aggregation and heterogeneity 

Bottle-neck: 
crystallization 

SAXS Crystallography 

Incident X-ray!

X-ray Detector !
Diffused 

X-ray!

Data processing 
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High concentration solution Frozen crystal 

SAXS 
Sample 

Limitations  
-  Purity 
-  Quantity 
-  Concentration  
-  Solubility 
- Crystallization = Bottle neck 

Limitations  
- Purity 
- Quantity 
- Concentration 
- Solubility  

For a given project, if crystals can grow then the sample solution is 
compatible with SAXS constraints.  

BUT, a sample solution compatible with SAXS may never crystallize. 

Crystallography 
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SAXS 
Data acquisition 

Crystallography 
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SAXS Crystallography 
Data acquisition 
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SAXS Crystallography 
Data acquisition 
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SAXS 
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Solution!

λ  ~ 1 Å λ  ~ 1 Å 

distance ~ 200–400 cm 
θ max ~ 5° 

distance ~20–40 cm 
θ max ~ 50° 

d d 

360° 

2 d sin θ = λ	


! d = λ / 2 sin θ	

dmax ~ 6 Å dmax ~ 0.6 Å 

The notion of resolution in SAXS should be 
modulated because we obtain an average of 

conformations 

Monochromatic 
beam 

Crystallography 
Data acquisition 

Diffused 
X-ray!

Incident X-ray!

qmax 

Crystal!

θmax 

Incident X-ray!

X-ray Detector !
Diffused 

X-ray!

Monochromatic 
beam 
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SAXS 
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360° 

Mixture of molecules in 
solution spatially 

disordered 

Crystal of molecules 
spatially ordered 

We record a diffusion intensity 
according to the diffusion angle 

Information 1D 

We record a set of diffracted 
intensities at each hkl position in the 

reciprocal space 
Information 3D 

Crystallography 
Data acquisition 

Incident 
X-ray!

Incident 
X-ray!
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SAXS 
Direct informations 

Guinier Plot 
Giration radius 
MW of the sample if the 
concentration is known 

Diffraction quality 
(monocrystal) 

Diffusion curve 
Aggregation, interaction  
Signal quality at high angles 

Unit cell parameters 

Crystallography 
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SAXS 
Direct informations 

Resolution circles (Å) 

Crystallography 
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SAXS 

P(R) 
Rg, Dmax 
First evaluation of the particle shape 

Kratky plot 
Evaluation of the structuration level of 
the partice 

Patterson function 
Patterson difference map  
Position of heavy atoms or anomalous peaks 

We calculate a Patterson difference map with 
the coefficients:  
ΔFiso ou ΔFano  

Calculated informations  
(Fourier transform) 

Crystallography 
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SAXS 
Data analysis 

ab initio 
Approaches 

envelope 
calculation 

3D model 
calculation 

Molecular 
replacement 

Experimental 
approaches  

MIR, SAD, MAD, 
SIRAS,… 

Crystallography 

Structure 
resolution 
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Envelope or 3D model  3D Structure 

SAXS 
Result 

3D average conformation in solution 
3D structure of the particle in the 

crystal 

Atomic scale analysis of the crystal 
structure: conformation, distance, 

electron delocalization,… 

Global properties analysis of the 
particle in solution: proportions, 

flexibility, assembly,… 

Crystallography 
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SAXS 

Results evaluation 

Agreement between calculated and 
experimental data 

1,E$07'
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Residual = (Ith – Iexp)/sigma(Iexp) 

Chi = 1/(N-1) ∑
1

N 
 [(Ith – Iexp)/sigma(Iexp)]2 

Based on few hundreds of intensities 

Data collection  
Wavelength (Å) 0.98 
Space-group P212121 
Diffraction limits (last shell) 2.95 Å (3.13 Å – 2.95 Å) 
Unit cells (axbxcxαxβxγ) 40.6×102.9×116.8 

90×90×90 
Rmerge 0.138 (0.688) 
Number of unique reflections 9831 
I/σ 14,32 (3.39) 
Completeness 0.901 (0.688) 
Molecular replacement LLG = 1305.76 
Refinement Buster5 
Resolution 2.95 Å 
Rwork 0.1923 
Rfree 0.2650 
Figure of merit  0.869 
Number of residues 223 
Number of bases 62 
Number of water molecules 6 
RMSD bond 0.0010 
RMSD angles 1.48 
Average B-factor (protein, Å2) 62  
Average B-factor (DNA, Å2) 100 
Average B-factor (residues 675-601, Å2) 69 
PDB entry 3UKG 
 

Multiple evaluation parameters of the structure 
Few thousand to hundred thousand of 

diffraction intensities 
A few thousand atoms 

Reliability ++ 

Crystallography 
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SAXS 

Methodological limits 

!   Pur  
  > 95% 

!   Large quantity 
  in the order of mg 

!   High concentration solubility 
   in the order of mg/ml 

!   Resisting the irradiation during 
the experiment (no sample 
freezing) 

!   Not aggregating 

!   Pur  
  > 95% 

!   Large quantity 
  in the order of mg 

!   High concentration solubility 
   in the order of mg/ml 

!   Able to crystallize 
!   Diffracting crystals 
!   Allowing to calculate an electron 

density map 

Crystallography 
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SAXS 

Information Limits 

Analysis of the global propeties of 
the particle in solution: proportions, 

flexibility, assembly,… 

Atomic scale analysis: 
conformation, distance, electron 

delocalisation,… 

Envelope or 3D model 
Average 3D conformation in solution 

3D Structure of the crystallized 
particle 

Average model 
No atomic scale information 
No experimental structure 

No information in solution 
No or very few information on 

the particle dynamics 

Crystallography 
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SAXS 
Complementarity 

Ambiguity of multimers 
assembly 

Allow to verify which assembly 
is compatible with the 

diffusion curve ion 

Ambiguity of domain 
organisation Allow to estimate the domain 

organisation flexibility 

Solid state 3D structure 
Average conformation in 

solution 

Possible modelisation of 
flexible regions 

Crystallography 
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SAXS 

Crystallography 

Data analysis,… 

« Beginners » 
Data analysis 

Molecular replacement 

Electron density map 
manipulation 

« Advanced » 
Data analysis 

Experimental phasing 

Electron density map 
manipulation 

Tutorials 
Formation of 3-4 working groups 


