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Solution SAS Experiment

?

Solution Scattering Data 
from Protein of Interest

Black Box

Neutron/X-ray beamline
Home source
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Radius of Gyration and Zero Angle Intensity

The size of your protein
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Radius of Gyration and Zero Angle Intensity

The size of your protein
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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

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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A sphere with diameter Dmax is filled by densely 

packed beads of radius r0<< Dmax. A configuration 

vector X indicates whether the j-th atom belongs 

to the particle or to the solvent.

Dmax

⎪⎩

⎪
⎨
⎧

solventif0

particleif1

Thanks to D. Svergun for this slide



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.

)()],(),([)( exp
2 XPXsIsIXf αχ +=

compactcompact
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disconnecteddisconnected

Ab-initio Modelling

Thanks to D. Svergun for this slide

Ab-initio Can it be Trusted?
Ab initio bead models compared to high 

resolution X-ray structures



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

Thanks to M. Roessle for this slide

Adding Missing Linkers

A B

C

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?!?

Thanks to M. Roessle for this slide



Most recent Published Results from ID14-3 
08 November 2009

J Santiago et al. Nature 000, 1-4 (2009) doi:10.1038/nature08591

Experimental X-ray scattering of the PYR1 protein 
in solution in the presence of 1mM (+) ABA.

Scattering curves for possible ensembles were 
calculated. 

Only the curve for ensembles AB/CD produced a 
good fit to the experimental data (χ=0.72) 

SAXS demonstrated that the AB 
ensemble corresponds to the 

biologically relevant form found 
under physiological conditions.

01.02.2010

CRYSOL (X-rays): Svergun et al. (1995). J. Appl. Cryst. 28, 768 

CRYSON (neutrons): Svergun et al. (1998) P.N.A.S. USA, 95, 2267
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Summary

Model independent parameters: Size! Rg, Dmax, Volume and MM estimates.
Basic shape (Extended or Globular)

Behaviour in different buffer conditions: To assess if interparticle effects or flexibility could 
be preventing crystallisation (find optimum conditions)

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

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 shape

Dynamic investigations under physiological conditions: Conformational changes with 
temperature, pH, binding etc.

What can we learn from solution SAXS
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Part 2
Data collection at the ESRF Bio-SAXS beamline ID14-3

27.06.09

Solution scattering data collection

X-ray detector

Sample

X-ray Beam

X-ray Scattering

sample
sample

buffer
sample – buffer

(subtracted) ‏

Log I(s)‏

s, nm-1

Thanks to A. Kikhney for this slide
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Experimental Procedure

Clean
Water
Detergent
Water
Dry

Load New 
Sample/Buffer

Interlock
Measure

01.02.201018

Automation: Sample loading and cleaning
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Automation: Sample loading and cleaning

27.06.09

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!
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Merging Data

Low and High Concentration

Log I(s)‏

s, nm-1

c = 2 mg/ml

c = 5 mg/ml

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

Log I(s)‏

s, nm-1

c = 2 mg/ml

c = 5 mg/ml

Thanks to A. Kikhney for this slide

27.06.09

Merging Data
Low and High Concentration

Log I(s)‏

s, nm-1

c = 2 mg/ml

c = 5 mg/ml

Thanks to A. Kikhney for this slide
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Rg and I(0) 
Radius of Gyration and Zero Angle Intensity

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!

Calculated by GNOM give the Dmax and the input file required for Ab-initio modeling



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 
Calculated by GNOM give the Dmax and the input file required for Ab-initio modeling



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

s

Log I(s)‏

s2

Ln I(s)‏

s

I(s)*s4

r

P(r)‏
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Automation: Data Processing

Processing Routines Developed at EMBL Hamburg
Results To be Stored in ESRF IspyB Databse 

(Currently being modified for bio-SAXS)

ID14 Review Bio-SAXS17.01.1034

Automation: Data Processing

Developed at EMBL Hamburg

Image courtesy of A. Kikhney



27.06.09

Part 3
Preparation for Bio-SAXS Data collection

01.02.201036

Sample Preparation
In solution SAXS we observe the Average

Average

Monodisperse Mixture
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Sample Preparation

If your samples are pure the scattering represents the individual 
subunit

With this assumption we have one single shape that represents 
the scattering data and we can calculate models of the low 
resolution shape of unknown proteins

Contamination will affect the average make the assumption of 
an individual shape invalid and although you will get models 
they will be increasingly different from the true shape the more
contamination you have.

01.02.201038

Sample Preparation
A good experiment requires:

MONODISPERSE!
samples in solution

Pure protein (>90%)! 
In only 1 oligomeric state!

NO agregation!
Free from antiparticle effects!

Check before you go to the beamline

MALS/DLS
Analytical ultra centrifugation
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Sample Preparation

0.0 5.0 10.0 15.0 ml

0.0 5.0 10.0 15.0 20.0 ml

Good

Bad

01.02.201040

Sample Preparation

Know your protein!

In solution samples can degrade, aggregate, react!

Know the best buffer conditions for stability!

Know what storage temperature is required!
Take adequate precautions when shipping samples

Extra ice! It may take longer than you expect!

If you cant purify and store stock solution for shipping you can
request access to preparation facilities to do a final purification 
immediately prior to measurements
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SummaryBio-SAXS gives: 

Size! Rg, Dmax, Volume and MM estimates.

Basic shape (Extended or Globular) 

Information on why crystallisation isn't happening (find optimum conditions) 

Validation of crystal structure in solution under physiological conditions 

ab-initio low resolution shape 

Quaternary structure using docking/rigid body refinement 

Dynamic investigations under physiological conditions

ESRF Bip-SAXS Beamline is easy to use: 

High level of automation for

Data collection (collaboration between ESRF and EMBL GR and HH outstations)

Data processing (ESRF BLISS)

Data Analysis (EMBL-Hamburg data processing pipeline)

Sample preparation and experimental design are important: 

Monodispersity

Interparticle effects

Information from complimentary techniques is very helpful: 

MX, NMR, Electron Microscopy
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