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Crystals versus solution
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Based on existing high resolution protein structures from crystallography or NMR 
the corresponding SAXS profile can be calculated.
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Svergun et al. (1995). J. Appl. Cryst.

 

28, 768 
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(neutrons):

 

Svergun et al. (1998) P.N.A.S. USA, 95, 2267

This allows one to verify high resolution structures 
especially in the case of multimeric protein and 
larger protein complexes. 

Example: The muscle protein titin was found in 
different conformations in the crystal.

Crystals Structure Validation



Refinement of Rigid Domains
Rigid Body Refinement: Moving protein sub-parts (called domains) as 
rigid bodies to fit the scattering data

PX-structure with 
ligand

Ligand

SAXS Shape obtained by 
GASBOR -

 

unliganded state

Rigid Body refinement
using MASSHA

Example: Structural changes upon ligand binding



Adding Missing Linkers
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Remodeling of proteins from high resolution fragments/constructs
Program BUNCH (M. Petoukhov; Biophysical J.)‏

High resolution protein fragments
from X-ray crystallography

+ sequence data 
(TrEMBL/Swissprot)‏

Model for the entire protein 
including not resolved 
linker components

SAXS Data
of constructs
AB
BC
ABC

Domains A+B
Domains B+C
Entire Protein (ABC)‏

Linkers?!?



Ab-initio
 

Modelling
Vector of model parameters:

Position ( j ) = x( j ) = 

(phase assignments) ‏

The number of model parameters 
M ≈

 

(Dmax /

 

r0

 

)3 ≈

 

103

 

is  too large for 
conventional minimization methods. 

A Monte-Carlo type search starting from a 
random X can be employed to find a 
configuration that yields the calculated 
scattering curve fitting the experimental 
data

Chacón, P. et al.

 

(1998) Biophys. J.

 

74, 2760-

 
2775.

Svergun, D.I. (1999) Biophys. J.

 

76, 2879-2886

Solvent Particle
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DAMMIN modelling penalties
Using simulated annealing, finds a compact dummy atoms configuration X that fits 
the scattering data by minimizing

where χ is the discrepancy between the experimental and calculated curves, P(X)

 
is the penalty to ensure compactness and connectivity, α>0

 

its weight.
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Ab-initio
 

Modelling



Ab-initio
 

Can it be Trusted?
Ab initio bead models compared to high 
resolution X-ray structures



Summary

Complete high resolution structure known: validation of crystal structure in 
solution under physiological conditions

Ligand binding reactions: Internal structure of multicomponent particles 
and large macromolecular complexes

High resolution structure of domains/subunits known: quaternary structure 
using docking/rigid body refinement

Incomplete high resolution structure known: probable configuration of 
missing portions

Nothing known: ab initio low resolution structure

What can we learn from solution SAXS



Solution scattering data collection

X-ray detector
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ID14-3 Experimental Hutch Setup



ID14-3  Sample Exposure System



ID14-3 Beamline Control Interface



ID14-3 Beamline Control Interface



Primary Data Processing
 PRIMUS



Quality Control Tests
Multiple time frames used to check for radiation damage!

Thanks to A. Kikhney for this slide

Log I(s)‏

s, nm-1

sample
same sample again

RADIATION DAMAGE!



Merging Data
Low

 
and High

 
Concentration
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Thanks to A. Kikhney for this slide
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Merging Data
Low

 
and High

 
Concentration
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Thanks to A. Kikhney for this slide



Rg and I(0) 
Radius of Gyration and Zero Angle Intensity



Rg and I(0) 
Radius of Gyration and Zero Angle Intensity



Using calibration data
BSA as a standard.... Comparison with unknown proteins

The difference at low 
angles < 1 nm-1

 

is due to 
the different molecular 
weights (MW).

The scattering at low 
angles is proportional the 
product of cprotein

 

· MW.

With known protein 
concentration  the 
molecular weight of the 
sample can be estimated 
using the parameters 
estimated from the Guinier-

 
plot.

Thanks

 

to

 

M.

 

Roessle

 

for

 

this

 

slide
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Thanks to M. Roessle for this slide

Using calibration data
BSA as a standard.... Comparison with unknown proteins



Porod Analysis in Primus gives excluded volume



Porod Analysis in Primus gives excluded volume



Distance Distribution P(r) Function 
Calculated by GNOM give the Dmax and the input file required for

 

Ab-initio

 

modeling



Distance Distribution P(r) Function 

Indirect Fourier Transform!
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Distance Distribution P(r) Function 
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Summary 
what should be done while at the beamline

•
 

Data collection

•
 

Radial averaging → 1D

•
 

Normalization

•
 

Background subtraction

•
 

Checks for effects of

–
 

Radiation

–
 

Concentration

•
 

Log plot

•
 

Guinier plot (Rg

 

, MM) ‏

•
 

Porod plot (volume) ‏

•
 

P(r) plot

•
 

Lo-res 3D model
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Automation!

Making life easier! 
The future of ID14-3



ID14-3 BioSAXS Data collection to be Automated



Automated Data Processing Pipeline

Automatic data 
transformation of 2D raw 

data into 1D scattering curves

AUTOPilatus

Data 

Automatic sample-

 
buffer subtraction 

with automatic 
estimation of radius of 
gyration (AUTORG)‏

AUTOSUB

AUTOGNOM

Automatic estimation of 
distance distribution 

function 

Automaticly start the ab- 
initio shape determination 
program and fitting with 
simple geometrical bodies

DAMMIF

Results:
Sample checks for radiation damage and 

concentration effects

Sample Size: Rg, Dmax, Volume and Mw

Low Resolution particle shape



Closing Remarks
• SAXS is a powerful tool for structural biology

• Structure validation
• Structure of multi domain proteins

• With addition of missing linkers if needed
• Ab-initio

 

modeling

• Optimized data collection at ID14-3
• Standard experimental setup greatly improves efficiency
• Easy access using rolling application procedure

• The future is Automation 
•

 

Data collection through collaboration between ESRF and the EMBL

 

Grenoble and 
Hamburg outstations 
• Data Processing based on the Hamburg SAXS data processing pipeline
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