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INTRODUCTION 
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C > 0.1 mg/ml 

V > 6 µl 
2D detector 

q = 4́  sinq /l, in Å-1 

Ln ( I )  

Radial average 

(isotropic sample) 

SAXS provides structural information about macromolecules in solution  

Å Limits  

Å spherically averaged information Ą low resolution 

Å non unicity of the solution 

Å does not distinguish elements in a mixture 

ÅAdvantages 

Å solution ( no crystal ) Ą kinetics, titration, TÁ, P 

Å relatively easy to carry experiments  

Å can be checked against atomic models 

Principles of Small Angle X-ray Scattering in solution 

SWING 

SAXS is at its best when complementary (structural) information is available 

file://FILER-EXP/Experiences/PEREZ/Rapport2008/HPLC 010.MOV
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Structural  information  directly  obtained from a scattering curve 

Åbiophysical parameters: size and type of shape (globular, multidomains, unfolded, é) 

Åmolecular weight, oligomerization state and volume 

Ą Models « compatible with SAXS data » 

NOT unique models, NO electronic density maps. 

Principles of Small Angle X-ray Scattering in solution 

SWING 

3D structural  modeling 

Åpossible low resolution molecular shape (ab initio methods) 

Ådirect comparison with high resolution model 

Åpossible model of (un)structured missing parts 

Årigid body orientations within multidomain structures 

file://FILER-EXP/Experiences/PEREZ/Rapport2008/HPLC 010.MOV
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Structural information about macromolecules in solution 

DAMMIN  

DAMMIF  

DENFERT 

CRYSOL 

FOXS 

SASREF 

BUNCH 

CORAL  

DADIMODO 

EOM 

MES 

Zones of supposed high flexibility 

Selection within an Ensemble 

of Random Conformations 

Nothing known (except the curve) 

Shape determination 

Known or supposed all-atom models 

Model validation / elimination 
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What may solution scattering yield? 

Shape 

Internal 

structure 

Atomic 

structure 

Slide from Dmitri Svergun, EMBL Hamburg  

q, nm-1 
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SAXS BASICS 
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Å r0 is called the electron classical radius  

Å What scatter X-rays are the electrons 



Solution X-ray Scattering from Biological Macromolecules     5th School of Saxs Data Analysis, 2016 May 2nd ï 6th, LNLS, Campinas 

Particle scattering « length » (or Amplitude): 

Coherent scattering : 

summing up amplitudes 

Å « Number » of electrons in volume d3r  : dɟ=ɟe(r )d3r  
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Scattering amplitude by a a particle 
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Å The scattered wave is the sum of the waves scattered 

by the electrons of « all the volumes d3r  » 
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Intensity scattered by a sample ï Auto-correlation function  
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ÅIn a matrix, what contributes to scattering is the contrast of electron density 
between the particle and the matrix ȹɟ(r ) = ɟp (r ) - ɟ0 that may be very small for 
biological samples. 

rD
0.43 r = 

0 
0.334 r = 

el. A-3 

r

particle 

matrix 

ÅA particle is described by the associated electron density distribution ɟp (r ).  

Particles in a matrix (or buffer) 
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Å Scattering amplitude 

Electronic Density Contrast 
Particles volume 

() ()()qfqf
V

qI *1
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Å Scattering intensity per unit volume 

Irradiated volume 

Å ȹɟ(Òᴆ) is the contrast of electronic density and describes the scattering object 

Å f(Ñ) is the Scattering Amplitude of the ensemble of the particles 

Particles 

Particles inserted in a òmatrixò 

Å I(q) is expressed in cm-1 and is directly related to the measured intensity   
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Particles in solution have random orientation, both in time (thermal motion) and in 

space (no long range correlations). The sample as a whole is therefore isotropic. As a 

result, the scattering intensity only depends on the modulus of      , Q = 4́  sin(ɗ) /ɚ. 

Particles in solution 

Q
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Scattering from a single particle 

in solution, averaged over time: 
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Basic law of reciprocity in scattering 

All, including large, distances ȹr 

in the particle 

Small scattering angle q 

Short distances ȹr in the particle Large scattering angle q 

( )
ññ

-Ö-
DD=

1 2

21

2

3

1

3

21

2

0 )()()(
V V

rrqi

ee dderɟrɟ
V

r
qI rr

Phase : q·ȹr 



Solution X-ray Scattering from Biological Macromolecules     5th School of Saxs Data Analysis, 2016 May 2nd ï 6th, LNLS, Campinas 

Rotavirus VLP : diameter = 750 Å, 44 MDa 

Lysozyme  

Dmax=45 Å  

14.4 kDa 
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Long distance correlations                 modulations at small q 

Basic law of reciprocity in scattering 

Typical range on beamline SWING 

2 10-3 < q < 7 10-1 Å-1 

750 Å > Dmax  

3100 Å > dBragg > 9 Å 
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 To obtain  scattering  solely from  the  contrasting  particles,  intrinsic  
solvent  scattering  must be measured very  accurately  and subtracted , 
which also permits  to  subtract  contribution  from  parasitic  background 
(slits,  sample holder  etc ) which should be reduced  to  a minimum. 

 

 

  

A SAXS curve results from a pair of 
measurements : solution & buffer 

I particles  (q) = I solution  (q) - I buffer  (q)  

I solution  (q)  I buffer  (q)  I particles  (q)  

I solution  (q)  

I buffer  (q)  

- = 

= - 

Log scale 
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Solution X-ray Scattering from Biological Macromolecules     5th School of Saxs Data Analysis, 2016 May 2nd ï 6th, LNLS, Campinas 

Monodispersity and ideality 

Å Monodispersity 

 

 

 

Å Ideality  

 

Å Yes ă Identical particles 

Å No ă Size and Shape polydispersity 

Å Yes ă No correlations between particles positions 

  (No short-range or long-range interactions) 

Å No ă Correlations between particles positions 

(Existence of short-range or long-range interactions) 
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Ideal and monodisperse solutions 

Å Ideal 
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Ideality  

One must check that both 

assumptions are valid for the 

sample under study. 

! 

Monodispersity 

molecule 

1i ( )q

experimental

I( )q
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ü Ideality  : reached by working in buffers with screened interactions or at high dilution  

 Ą In practice : measurements at decreasing concentrations and checks whether 

 the scattering pattern is independent of concentration.  

Checking the validity  of both assumptions  for the sample 

under study is crucial for non erroneous data interpretation   

ü Size Monodispersity must be checked independently 

 Ą Purification protocol :SEC, DLS, AUC, MALS, etc. 
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Pump 

Injection-mixing 

Size Exclusion Incident X-ray 

SAXS 

Cell 

UV Detector (280 nm) 

Flow rate 250 µl/min Å Monodisperse solution 

Å Aggregation is eliminated 

Å Oligomeric conformations can be distinguished 

Å Equilibrium states can be transiently separated 

Å Perfect background subtraction 

Å Automatic concentration series  

Å Small volumes (~ 10 µl) 

Å No dilution 

Å High rate (a few minutes) 

Pure sample 

Flow rate 5-40 µl/min 

SE-HPLC / Solution Sampler 

UV-Vis 

in 

UV-Vis  

out 

SWING 
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DATA ANALYSIS 



Solution X-ray Scattering from Biological Macromolecules     5th School of Saxs Data Analysis, 2016 May 2nd ï 6th, LNLS, Campinas 

ÅGuinier Analysis 

 

ÅKratky plot : why is it so interesting ? 

 

Å« Real-space SAXS » : Distance correlation function P(r) 

 

Data Analysis 
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ÅGuinier Analysis 

 

ÅKratky plot : why is it so interesting ? 

 

Å« Real-space SAXS » : Distance correlation function P(r) 

 

Data Analysis 



Solution X-ray Scattering from Biological Macromolecules     5th School of Saxs Data Analysis, 2016 May 2nd ï 6th, LNLS, Campinas 

öö
÷

õ
ææ
ç

å-
=

3
exp)0()(

22Rgq
IqI

Close to q=0, the scattering intensity of a particle can be described 

by a Gaussian curve. 

The validity domain actually depends on the shape of the particle 

and is around q < 1.3 / Rg for a globular shape. 

Radius of gyration 
Extrapolated intensity at origin 

Data Analysis : Guinier law 

[ ] [ ]
3

)0(ln)(ln
22Rgq

IqI -=

Guinier law, in Log scale : 

The Guinier law is equivalent of a linear variation of Ln(I(q)) vs q2 (Guinier plot). 

Linear regression on the experimental Guinier plot directly provides Rg and I(0). 

Prof. André Guinier 

1911-2000 

Orsay, France 
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Validity  range : 
  

0 < Rgq<1 for a solid sphere 

0 < Rgq<1.3 rule of thumb for a 

globular protein 
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qRg=1.2 

Rg=27.8 Å 

I(0) 

ideal 

monodispersed 

Guinier analysis 

Rg Ą size 

I(0) Ą mol mass / oligomerisation state 

Data Analysis : Guinier law 
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Rg = 3
5
RSphere 

Rg

2 = r (r )r 2 dr
Vò r (r )dr

Vò

Lysozyme 

Rg  radius of gyration 
RH  hydrodynamic radius (not always > Rg!) 

RR  maximum hard sphere radius 

RM  radius of mass-equivalent sphere  
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N
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Useful definitions of Rg 

by atoms 

by electron density 

Rg

2 = 1
2 r 2 p(r )dr /ò p(r )drò

* center of mass of the electron density 
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ri - rj

2

j

å
i

å by atom pairs 

by pair distribution 

graphic: www.silver-colloids.com/Papers/hydrodynamic-radius.pdf 
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Rg depends on the volume 

AND on the shape of the particle 

 

For globular proteins : Rg (¡) å φȢυ zὓ  ȟὓ Ὥὲ ὯὈὥ 
For unfolded proteins : Rg (¡) å ψȢπυzὓ Ȣ  

Bernado et al. (2009), Biophys. J., 97 (10), 2839-2845. 

Mass retrieval from Guinier analysis 

I(0) gives an independent estimation 

of the molar mass of the protein 

(only if the mass concentration, c, 

is precisely known é)  

Typically : 

M (kDa) = 1500 * I0 (cm-1) / C (mg/ml) 
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Hen egg-white lysozyme 

ÅC =5.6 g/l 

ÅAverage of 8 frames of 2s 

ÅBuffer subtracted 

ÅNormalized by solid angle 

ÅNormalized by transmitted intensity 

Example of Mass retrieval from Guinier analysis 

[ ] [ ] 2

2

3
)0(ln)(ln q

R
IqI

g
-=

Ln I  

q2 

Rg = 15.1 Ñ 0.03 Å 

I exp(0) = 0.0543 cm-1 

From I(0) provided the set-up was calibrated to give 

I(Q) in absolute units (cm-1): 

M exp(kDa) = I exp (0) *1500  / c, 
 

Ą M exp = 14.6 kDa 

From Rg, supposing the protein is globular: 

M=14.3 kDa 

MRg(kDa) = (Rg / 6.3)3 
 

Ą M Rg = 13.8 kDa 

qRg = 1.3 
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Irreversible aggregation 

Ÿ Useless data: the whole curve is affected  

 

Swing ï Domaine 1-242 de RRP44 ï 07/08 
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I(0): > 150 fold the 

expected value for the 

given MM 

Evaluation of the solution properties 
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Approx. expected curve 

(Courtesy D. Durand, IBBMC, Orsay)  
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Nanostar ïPR65 protein  
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QRg=1.3 

Rg ~ 38 Å ï too high!! ! 

Evaluation of the solution properties 

Weak aggregation  

QRg=1.3 
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Rg ~ 36 Å 

Ÿ possible improvement 

 centrifugation, buffer change 

(Courtesy D. Durand, IBBMC, Orsay)  
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Guinier plot 

ü A linear Guinier plot is a requirement, but it  is NOT a 

sufficient condition ensuring ideality (nor monodispersity) 

of the sample. 

Evaluation of the solution properties 
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Guinier plot 

No interactions. 

0.01

0.1

0 0.001 0.002 0.003 0.004

I(
q

)

q
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-2
)

qRg=1.3 

same Rg at all three 

concentrations 

N. Leulliot   et al., JBC (2009), 284, 11992-99 

Evaluation of the solution properties 
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Guinier plot 

c = 4 

Rg = 49.3 Å 

RNA molecule 

L. Ponchon, C. Mérigoux  et al.  

Evaluation of the solution properties 
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Guinier plot 

RNA molecule 

L. Ponchon, C. Mérigoux  et al.  

c = 3 

Rg = 56.6 Å 

c = 4 

Rg = 49.3 Å 

Evaluation of the solution properties 



Solution X-ray Scattering from Biological Macromolecules     5th School of Saxs Data Analysis, 2016 May 2nd ï 6th, LNLS, Campinas 

Guinier plot 

RNA molecule 

L. Ponchon, C. Mérigoux  et al.  

c = 2 

Rg = 59.9 Å 

c = 3 

Rg = 56.6 Å 

c = 4 

Rg = 49.3 Å 

Evaluation of the solution properties 
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Guinier plot 

c = 1 

Rg = 60.8 Å 

c = 2 

Rg = 59.9 Å 

c = 3 

Rg = 56.6 Å 

c = 4 

Rg = 49.3 Å 

RNA molecule 

L. Ponchon, C. Mérigoux  et al.  

Evaluation of the solution properties 
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ÅGuinier Analysis 

 

ÅKratky plot : why is it so interesting ? 

 

Å« Real-space SAXS » : Distance correlation function P(r) 

 

Data Analysis 
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SAXS provides a sensitive means to evaluate the degree of compactness of a protein: 

o  To determine whether a protein is globular, extended or unfolded 

o  To monitor the folding or unfolding transition of a protein 

 

This is most conveniently represented using the so-called Kratky plot:  

Folded particle : bell-shaped curve (asymptotic behaviour  I(Q)~Q-4 ) 

Kratky Plot 

Random polymer chain : plateau at large q-values (asymptotic behaviour in I(Q)~ Q-2 ) 

Extended polymer chain : increase at large q-values (asymptotic behaviour in I(Q)~ Q-1.x ) 

Prof. Otto Kratky 

1902-1995 

Graz, Austria 

q2 I(q) versus q 

Putnam, D., et al. (2007) Quart. Rev. Biophys. 40, 191 -285.  
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Kratky Plots of folded proteins 

Folded proteins display a bell shape. Can we go further?  
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Rg=23.2 Angs, Mass=41.7 kDa
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Rg=26.0 Angs, Mass=71.4 kDa
ASDG
Rg=35.6  Angs, Mass=146.6 kDa
CDA2
Rg=39.1 Angs, Mass=98.9 kDa
BCDA3
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For globular  structures, DLKPs 
fold  into  the same maximum 

The relation MRg(kDa)  (Rg / 6.5)3 only works 

for the globular structures, not the elongated 

The maximum value on the dimensionless bell shape tells if the protein is globular.  

Dimensionless Kratky Plots of folded proteins 
Introduced for biology in Durand et al. (2010), J. Struct. Biol. 169, 45-53. 
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Dimensionless Kratky Plots of (partially) unfolded proteins 

Receveur-Bréchot  V. and  Durand  D (2012), Curr .  Protein  Pept.  Sci.,  13:55-75. 

The bell shape vanishes as folded domains disappear and 
flexibility increases.  

The curve increases at large Q as the structure 
extends.  
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Pérez et al., J. Mol. Biol.(2001), 308, 721-743 

Kratky Plot : NCS heat unfolding 

 In practice, thin Gaussian 

 chains do not exist. 

In spite of the plateau at T=76ÁC, 

NCS is not a Gaussian chain when 

unfolded, but a thick chain with 

persistence length  

 

! 
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Molecular Weight estimation based on Porod invariant 
 

http://www.ifsc.usp.br/~saxs/saxsmow.html  
 

Å does not require knowledge of concentration 

Å relies on Porod Volume theory + structural database 

Å does not work for proteins with unfolded domains 

 

Recent methods for MW estimation based on similar though different grounds were developed  

Rambo R. And Tainer J. (2013), Nature, 496, 477-481. 
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ÅGuinier Analysis 

 

ÅKratky plot : why is it so interesting ? 

 

Å« Real-space SAXS » : Distance correlation function P(r) 

 

Data Analysis 
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Distance Distribution Function p(r) 

The distance distribution function p(r) is 

proportional to the average number of 

atoms at a given distance, r, from any 

given atom within the macromolecule. 

Protein  

Dmax 

Solid sphere 
Cylinder 

Domains Disc 

P(R) 

R 

The distance distribution function  characterises  the shape of the particle  in real space  

p(r) vanishes at r = Dmax 
Dmax 
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Relation between p(r) and I(q) 

And : ( )
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qr

qr
qIq

rep

Intensity is the Fourier Transform 

of self-correlation function ɔobj(r): 

p(r) could be directly  derived  from  I(q). Both  curves contain  the same information.  

However, direct calculation  of p(r) from  I(q) is made difficult  and risky  
by [ Qmin,Qmax ] truncation  and data noise effects . 

Fourier Transform for 

isotropic samples 
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Main hypothesis : the particle has a « finite  » size, characterised by Dmax. 

Å Dmax is proposed by the user 

Å p(r) is expressed over [0, DMax] by a linear combination of orthogonal functions 

Svergun (1988) : program "GNOM"  

M ~ 30 - 100 Ý ill -posed LSQ Ý regularisation method 

+ "Perceptual criteria" : smoothness, stability, absence of systematic deviations 
Å Each criterium has a predefined weight 

Å The solution is given a score calculated by comparison with « ideal values » 

dr
rq

rq
rpqI

D

theoretñ Ö

Ö
=

max

0

2

e

)sin(
)(r 4)( jp

)()(
1

rcrp n

M

ntheoret jä=

Back-calculation of the Distance Distribution Function 
 

Glatter, O. J. Appl. Cryst. (1977) 10, 415-421. 

Å I(q) is calculated by Fourier Transform of ptheoret(r)  

Prof. Otto Glatter 

Guinier Prize 2012 

Graz, Austria 

Dr. Dmitri Svergun 

Hamburg, Germany 
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GBP1 

Distance Distribution Function 

Heat denaturation of Neocarzinostatin 

Pérez et al., J. Mol. Biol. (2001) 308, 721-743 

Experimental examples 



Solution X-ray Scattering from Biological Macromolecules     5th School of Saxs Data Analysis, 2016 May 2nd ï 6th, LNLS, Campinas 

Bimodal distribution 
Topoisomerase VI 

70 Å 

0
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M. Graille et al., Structure (2008), 16, 360-370.  

Experimental examples 

Distance Distribution Function 
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Scattering curves obtained on different  complexes Spire-Actin and Actin alone 

Complexes Radius of gyration 
Maximum diameter 

Histogram of intramolecular distances and ab initio molecular enveloppes determined using DAMMIF 

75.5 Å 

55.5 Å 

38.9 Å 

25 Å 

23.1 Å 

285 Å 

210 Å 

130 Å 

75 Å 

70 Å 

KindABCD-A4 BCD-A3 CD-A2 D1-A1 P(R) P(R) P(R) P(R) 

r in Å r in Å r in Å r in Å 

Dmax = 75  Dmax = 130 Dmax = 210 Dmax = 285 

Distance Distribution Function 
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The radius of gyration and the intensity at the origin can be derived from p(r) 

using the following expressions :  

 

    

 

     and 

 

 

 

This alternative estimate of Rg makes use of the whole scattering curve, and is less 

sensitive to interactions or to the presence of a small fraction of oligomers. 

Distance Distribution Function 

() ñ=
D

e drrpr
0

2
)(ű 40I p

Comparison of estimates  from  Guinier 

analysis and from  P(r) is a useful  cross-check. 
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A FEW EXPERIMENTAL  

CONSIDERATIONS 
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Vacuum chamber housing 

X-rays detectors X-Z motorized table 
2 x Si(111) DCM 

4.5 ï 17 keV 
Curved mirros (KB config) 

Optics Hutch Experimental  Hutch SWING 

Schematics of beamline SWING 

Control room 

In-vacuum Undulator U20 

gmin = 5.5 mm 

Full flux  

5.1012 ph/s @ 12 keV 

 

Beam size (FWHM) 

400 (H) x 25-100 (V) µm2 

file://FILER-EXP/Experiences/PEREZ/Rapport2008/HPLC 010.MOV
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 RX 

SWING 

Detector 

chamber 

Set-up for BioSAXS at Beamline SWING 

Online UV-Vis  

G. David and J. Pérez (2009), J. Appl. Cryst 

Incident 

Beam 

Quartz capillary 
Details of the BioSAXS cell 

BioSAXS Vacuum chamber SEC-SAXS 

Sample circulation 
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Å Transmission 

Å The experimental scattering intensity must be normalised by transmitted intensity. 

Å Transmission intensity must be measured with high accuracy (~ 0.1 %). 

l 

  
ūT 

Detected : I exp(Q) 

  

Transmitted flux 

ū0 

Incoming flux 

Transmission and buffer measurements are crucial 

Å Buffer 

Å Buffer and protein samples must be measured in the same cell for correct subtraction of 

parasitic background arising from slits and holder walls. 

Å The buffer in the buffer sample must be identical to that of the protein sample (dialysis, 

SEC, é). 

(Q)I- (Q)I  (Q)I buffersampleparticles =
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Relation between the the number of measured photons ȹNph on a given pixel of the 

detector, making a solid angle ȹɋ, and the Scattering Intensity per unit volume : 

() ()
2

2

0

ph

eT

1

N

N
q

d

d

V

1
qI

PxSize

D

Ö

D
=

W
=

s

Irradiated volume 

Scattering Intensity per unit Volume 

Differential cross-section 

Number of detected scattering photons 

in a given pixel 

Number of incident photons 

Sample transmission 

Sample thickness 

Distance sample-pixel 

Particles in solution 
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Example:  

IH2O,exp = 0.042 Exp. Units 

IH2O,exp = Kexp* I H2O,theory 

 

 

Ą Here : Kexp=2.56 Exp.Units / cm-1 

ÅCapillary diameter =1.6 mm 

ÅAverage of 2 frames of 2s 

ÅEmpty capillary subtracted 

ÅNormalized by solid angle 

ÅNormalized by transmitted intensity 

Liquid scattering (theory):  

Water is used as primary reference 

to get the absolute intensity scale 

For any sample in that capillary  : I theory(cm-1) = Iexp / K exp = Iexp  / 2.56 

SWING 

Calibration of the set-up using water scattering 

TA kTZr kr Ö==
222

0Q smallat constant   I(Q)

Isothermic compressibility Molecular density IH2O,theory = 0.0163 cm-1 
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Data collection 

1st case : the solution is supposed to be monodisperse 

Å Test radiation damage (7µl) Ą determine frame irradiation time 

 

 

 

 

 

 

 

 

 

 

 

Å Data collection on concentration series (25 µl) Ą take account of long range interactions 

Protocol for data collection and treatment 

0,01

0,1

1

10
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Data treatment 

 

Å Subtract buffer  Ą all curves I(Q)/c must superimpose at high Q 

Å Determine I0 and Rg Ą check for mass (aggregation ?) and long range interaction effects 

 

 

 

 

 

 

 

 

 

Å If necessary, merge low c (low Q) and high c (high Q) curves 

Å Compute p(r) Ą should gently vanish at Dmax 

 

 

Protocol for data collection and treatment 
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PRIMUS: combining data 

small angle data using 

the lowest concentration 

curve or an extrapolation 

to zero concentration 

from a series of dilute 

solutions (correction of 

interparticle  effects) 

 

larger angle data using 

the most concentrated 

solution 

Here, slight repulsive 

interactions alter the 

concentrated curve at 

small angles 
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PRIMUS: merging data 

The common 

range should be 

as restricted as 

possible to avoid 

adding noise 

ñscaleò 

function 
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PRIMUS: final merged curve 

ñmergeò 

function 
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HPLC-purified experimental curve 

Curve calculated from crystal structure 

Fitting the HPLC -purified experimental curve with the crystal structure 

Q / A-1 

ASNP with HPLC 

Rg = 25.7 Å 

Q.Rgmin = 0.657 / Q.Rgmax = 1.09 

ASNP direct injection 

Rg = 29.1 Å 

Q.Rgmin = 0.659 / Q.Rgmax = 1.19 

Comparison between HPLC-purified  and Direct injection curves  

Q / A-1 

I(0) and Rg determined for each SAXS frame during elution 

I(0) 

Rg 

V0 ASNP elution profile, monitored by UV absoprtion at 280 nm 

Elution time (minutes) 

Frame number ( ~ time) 

Foxtrot program 

© SOLEIL  

2nd case : the solution is a slow equilibrium  or an unwanted mixture 

Å Use on-line HPLC data collection (typ 50 µl) 
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Fit  of elution profiles by a set of gaussian curves   

Each gaussian peak corresponds to an eluting species. 

E. Brookes et al., J. Appl . Cryst 2013, 46, 1823-33. 

Following deconvolution, the scattering pattern 

I j(q) of each species j can be reconstructed. 

BSA solution. 

SEC-SAXS analyzed with  US-SOMO 
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At this stage 

We have gone from 

to  

I(Q)  

P(r) 
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Now, we have to go from 

to  

I(Q)  

P(r) 
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MODELLING  
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SAXS for 3D structure reconstitution 

Real space 3D Molecule Reciprocal space 

2D anisotropic image 

Reciprocal space 

2D isotropic image 

1D profile reciprocal 

space 

Fixed 

orientation 

Averaged 

orientation 

Radial 

averaging 

Phase lost Orientation 

lost 

How to reconstruct the 3D structure from 

the 1D SAXS profile ? 

The 1D SAXS profile is the Fourier transform of the 3D structure. 

But the inverse problem cannot be solved analytically, i.e., no ñinverse computationò can be used to yield 

3D position coordinates from scattering data. 

Bear in mind ! 

One 3D structure Ÿ One SAXS curve  

BUT 

One SAXS curve Ÿ Many 3D structures, all compatible with the same curve 

Additional  constraints are always needed 
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SAXS data analysis, available programs 

2) Theorical model or complete atomic structure available 

3) Structures of subunits available 

DAMMIN  

DAMMIF  

GASBOR 

MONSA 

DENFERT 

Low resolution model 

CRYSOL 

FOXS 

Validation/identification in 

solution 

SASREF 

BUNCH 

CORAL 

DADIMODO 

Rigid body modeling of the 

complex and  

 

 

molecular modeling of the 

missing part 

1) Nothing known (except the curve) 
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A  word of caution 

Ås = 2sinq/l  modulus of the scattering vector 

ÅQ = 2ps = 4psinq/l momentum transfer 

ÅBut in his programs : D. Svergun uses 

   s = 4psinq/l  
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Ab initio shape modelling : nothing is 

known but the curve 
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 Ab initio shape modelling using a network of beads 

 Position(j) = X(j) = 1 or 0 

§ Mº (Dmax/r0)
3º103 >>Ns

 

parameters, too many for 

conventional minimization 

§ No unique shape restoration 

unless constrained 

§ Able to describe complex 

shapes 

Chacón, P. et al. (1998)Biophys. J. 74, 
2760-2775. 

Walter, D., Cohen, F.E. & Doniach, S. 
(1999), J. Appl. Cryst.,33, 350-363 

Initial volume : 

sphere diameter Dmax 

Svergun, D.I. (1999) 
Biophys. J. 76 , 2879-2886 

Slide from Dmitri Svergun, EMBL Hamburg  
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Å Using simulated annealing, finds a compact dummy atoms configuration X that fits the 

scattering data by minimizing 

 

 

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

 the penalty to ensure compactness and connectivity, a>0  its weight. 

)()],(),([)( exp

2 XPXsIsIXf ac +=

compact 

 

loose 

 

disconnected 

Å Obtaining 3D shapes from SAXS data is a ill -defined problem that can be **partially**  

solved by introducing additional information to **reduce** ambiguity of interpretation 

3D shape reconstructions from SAXS data with DAMMIN  
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Å A series of runs (10-50) are performed to compare the different shapes obtained from the same data. 

 

Å After the run, an optimal superposition of models is realized with the program suite DAMSEL and 

DAMSUP.  

 

Å The algorithm defines a criteria of similarity, called « Normalized Spatial Discrepancy » or NSD, which 

measures the agreement between any pair of models. 

 

Å Similar shapes results in  NSD < 1, very similar shapes NSD º 0.5 

Å Models are conserved if  its NSD < Mean of NSD + 2*standart deviation 

 

Å The model with the lowest NSD is the shape which has the most similarities with other, and **can**  

be regarded as the most representative of envelopes in accordance with the SAXS data 

 

Å Be careful with damfilt.pbd because Idamfilt(q)  ̧Iexp(q) 

Shp1 Shp2 Shp3 Shp4 Shp5 Damfilt  
(intersection)  

Damaver 
(all superimposed)  

Damsel.log 

3D shape reconstructions from SAXS data with DAMMIN 
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0.952 
0.958 0.962 

0.966 0.976 
0.976 

0.984 
0.994 0.996 

0.999 
0.999 1.003 

1.006 1.009 
1.013 

1.016 1.016 
1.016 

1.018 
1.020 1.023 

1.034 1.034 

1.035 
1.042 1.042 1.044 

1.049 1.052 

1.062 
1.069 1.086 1.087 

1.090 1.099 

1.107 1.132 
1.140 

NSD values 

Chi values from 1.704 to 1.942 
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0.1

1

10

100

1000

0 0.05 0.1 0.15 0.2 0.25 0.3

I(
q

)

q= 4p (sinq)/l  A
-1

DAMMIN : shape determination 

Model with uniform density 

 

 

 

 
Fitting data with approximate q-4 

high angle trend by subtracting a 

constant. 

 

B 

Be aware : ñPorod lawò is forced for ab initio shape determination 
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DAMMIN/DAMMIF  : very low resolution, restricted portion of the data used (q < 0.2 Å-1), very basic 

constraints 

Ab initio model accounting for high resolution data 

GASBOR : a protein comprising N residues is represented by an ensemble of N spheres centered at the Ca 

positions, the whole q-range can be used. 

 

An initial gas-like distribution of dummy residues is refined using Simulated Anneling to fit  the data under 

constraints ensuring a final chain like distribution 

DAMMIF  shape GASBOR beads model High resolution structure 

D. Svergun et al.( 2001), Biophys. J., 80, 2946-2953. 


