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Studies by SAXS: conformational 
changes of biological macromolecules

Applications to
proteins

Protein-ligand interactions

folding-unfolding

Oligomeric organization

Protein-protein interactions

Protein-lipids interactions



Limits:
- The solutions of biological macromolecules, essentially made out of light 

atoms in water, display a weak contrast of electron density with the 
solvent and therefore a weak scattering power; 

- The scattering signal of the biological macromolecules may be less than 
1% above the scattering of the solvent.

 Requirements:
- X-ray source with collimated beam and a flux  like the synchrotron 

radiation from storage rings;
- Beam stability (no beam movements that may produce background 

changes), low background scattering;
- Detector systems with low-readout noise.

Some requirements for useful measurements of biological samples 
in solution by SAXS (bio-SAXS)



Some requirements for useful measurements of biological samples 
in solution by SAXS (bio-SAXS)

Typical protein dimensions: in the range of 10-1000 Å 

Need for reliable beamline operating at a fixed 
wavelength and giving access to a large range of scattering vector:

 at least 0.006 Å-1 ≤ q ≤ 0.6 Å-1 

Depending on available wavelength, it could take different sample to detector 
distances.

The experimental set-up should preferably allow for a fast reproducible and 
automated change of sample-detector distance.

Since SAXS experiments give information in the reciprocal space, the larger 
the scattering particle, the smaller the scattering angle. Therefore, the scale of 
observable particles depends strongly on the quality of the beam (low 
divergence, high collimation). 



Sample environment requirements:
• Low sample volume (20 – 50 µl);
• vacuum thermostated capillary;
• easy visualization of the capillary;
• easily washable (samples can stick on the walls of the sample holder);

Supplementary facilities
• stopped flow apparatus for kinetic measurements;
• LS apparatus and HPLC on line;
• calorimeter (coupling DSC with SAXS);
• high-pressure cell;
• support hutch (for sample handling).

Limits:
biological samples are highly sensitive to X-ray radiation damage.

Requirements:
- Short measuring times and/or use of attenuators (as in e.g. ID2@ESRF or 
X33@EMBL-Hamburg) may be required;
-Possibility to slowly circulate the solution through the capillary to always 
expose fresh sample to the beam;

Some requirements for useful measurements of biological samples 
in solution by SAXS (bio-SAXS)







Metodologie biochimiche e biomolecolari. Strumenti e tecniche per il laboratorio del 
nuovo millennio.
Zanichelli Editore 2019 .
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SMALL ANGLE X-RAY SCATTERING



Schema generale di un esperimento SAXS. Il campione biologico viene irradiato 
all’interno di un capillare di quarzo a temperatura controllata. L’intensità di 
diffusione dei raggi X a basso angolo viene registrata da un rilevatore 
bidimensionale, mentre un beam-stop evita che il fascio colpisca direttamente il 
detector. I dati vengono registrati come I(q) in funzione di q.



Lo studio della diffusione dei raggi X a piccoli angoli fornisce informazioni sulle 
dimensioni e sulla conformazione dovuta alle eterogeneità elettroniche delle
particelle in esame (macromolecole biologiche) rispetto a un ambiente omogeneo 
(solvente), nonché sulla loro distribuzione dimensionale e sulle loro mutue 
interazioni. Per esempio, nel caso di soluzioni di proteine, la particella è la proteina 
stessa con una media ponderata di densità elettronica  p (r), circondata dal 
solvente (soluzione tampone).



Basics of a SAXS curve



Analisi dei dati SAXS



La Regione di Guinier



La Regione di Guinier



Kratky Plot



P(r) function



P(r) function



DAMMY ATOMS MODELING



DAMMY ATOMS MODELING
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La sovrapposizione con i dati cristallografici CRYSOL



Human Ceruloplasmin

Structural and functional role of the copper ligand in 
human ceruloplasmin



Crystallographic data versus SAXS data
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Structure of the apo-ceruloplasmin by SAXS
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Interaction between human 
ceruloplasmin and lactoferrin



Ceruloplasmin has the correct orientation to facilitate the iron incorporation into 
lactoferrin



Direct structural parameters and 3D modeling





v Complementarity between the crystallographic NMR and Cryo-EM studies
and the solution work in the comprehension of structure-function
relationships in proteins and the effect of new molecules in Drug Design;

v The increasing interest in the structural analysis of specific functional
complexes between different proteins combined with the availability of
molecular biology methods to obtain highly purified and concentrated
preparations of recombinant proteins, allows to depict a scenario where
SAXS will be one of the most promising and emerging methods in the post-
genome structural studies;

vMD simulations can be driven by SAXS data helping to understand the 
dynamics of a biological process.

TAKE HOME MESSAGES FOR THE SAXS APPROACH



Applicazioni in ambito biomedico della metodica SAXS





FUTURE DIRECTIONS     
“FREE ELECTRON LASER” FEL
Image before destroy snapshots
femtosecond protein structure



X-Ray FEL video

https://youtu.be/pgaG7f96SKM?t=4m3s

