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Small Angle X-ray scattering

Decreus et al. 2013. Burger et al. 2002. Darling et al. 2005, Zhou et al. 2007. Herman et al.2008 
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Tissues

Bio-macromolecules in solution



BioSAXS

SAXS on biological molecules in solution
▪ Weakly scattering

▪ Fragile, limited sample volume

Linear plot

Semi log plot 



Information directly obtainable from the data

ln I(s) vs s2

Radius of gyration (Guinier)

I(s) s2 vs s

Flexibility (Kratky)

Molecular weight (forward 

scattering)

Volume (Porod Invariant)

Distance distribution function

Bead model



Modelling using complementary methods
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An active BioSAXS user community
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Number of results per year for "SAXS" and "SAXS 
protein" on google scholar

SAXS SAXS protein

Graewert, M. A., & Svergun, D. I. (2013). Current opinion in structural biology, 23(5), 748-754.



P12 BioSAXS beamline on PETRAIII

Energy 4-20 keV (6-20keV)

Flux 1013 ph/s (>5.1014 with MLM)

Beam Size 200 x 50 μm2 (FWHM)

Scatterless slits

Li et al. J. Appl. Cryst. (2008). 41, 1134-1139 W Slits Scatterless slits

Active beamstop

Blanchet et al. J. Synchrotron rad.

(2015). 22, 461-464

Photon counting detector



P12 sample environment

Round et al. Acta Crystallographica Section D: Biological 

Crystallography, (2015) 71(1), 67-75.

Sample changer

▪ Large capacity, more than 250 

samples

▪ Full cycle time ≈ 1min

▪ Sample volume: 10 – 30 μl

▪ Flow measurement

▪ Rapid and efficient cell cleaning
Graewert et al. Scientific Reports 5 (2015) 10734.

SEC-SAXS

▪ Online purification

▪ Online spectroscopic 

characterization:

▪ UV/Vis absorption

▪ MALS

▪ Refractive index



Automation

Franke et al. NIM A (2012) 689: 52-59.

Automated data collection…

… and data analysis



Advanced BioSAXS

SAXS+WAXS

with Pilatus 6M on P12

up to 26 nm-1

ASAXS Silica coated AuNP

lo
g(

I)
, r

el
at

iv
e

s, nm-1

After:
7 ms
200 ms
500 ms
1350 ms

100us exposure time
Schmidt et al. Adv. Sci. 2019, 

1900287. 

Time-resolved

SAXS

High Flux option
> 5.1014 photons/s

High temperature 

and aggresive 

chemical

Scanning SAXS

Microfluidics



PETRA IV



Small beam for SAXS



Small beam for SAXS



Small beam for SAXS (at sample and detector position)



Small beam for SAXS (at sample and detector position)



4th generation synchrotron beam for advanced BioSAXS

Time resolved SAXS
Smaller beamsize → shorter dead time:

Smaller volume:

- faster mixing

- faster P-jump

- faster T-jump

- higher laser intensity for light trigger 

reaction

Scanning SAXS
bridge the gap between information in 

the real and reciprocal space

Schmidt et al. Adv. Sci.

2019, 1900287. 

Buscema, M. et al.. (2019). Materials Today Bio, 1, 100003.

In-situ SAXS



Further improve the sensitivity of the technique

I. Steinke et al.; Review of 

Scientific Instruments 2016, 87 

Windowless setup
P12 instrumental background comes 

mostly from the capillary scattering.

Can one measure without capillary?

Protein in vacuum?
Most photons are scattered by the buffer, not the 

biomolecules in solution → proteins in vacuum 

Aerosol, electrospray.

J. Phys. B: At. Mol. Opt. Phys. 43 (2010) 



• Structure? High resolution structure obtained by MX, 

CryoEM, or computationally. But obtained on frozen, 

crystallized sample.

• BioSAXS: molecules in solution.

• Protein in its native state

• The pH, the concentration of protein, binding partner, salt, can be 

easily modified to explore the conformational space of the molecule

• Size range from a few kDa to several Mda

• Polydispersity: 

• analysis of mixture: oligomeric state, complexes formation

• Conformational polydispersity: intrinsically disordered proteins

→ Well suited for high throughput screening, titration method

BioSAXS from a structural biologist perspective



Structure based screening using SAXS

Screening of RNA protein interaction by SAXS

Affinity profile and binding mechanisms of the two RRM-domain 

SxL protein.

Screening against 35 RNA motifs

Chen, Po-chia, et al. "A general small-angle x-ray scattering-based screening protocol validated for 

protein–RNA interactions." ACS combinatorial science 20.4 (2018): 197-202



Cell volume estimation

PETRAIII 

conservative

PETRAIV 

conservative

PETRAIV “ambitious”

diameter 500 μm 200 μm 50 μm

height 1000 μm 500 μm 200 μm

volume <200 nl <20 nl <0.4 nl

Sample density 100 samples/cm2 600 samples/cm2 10000 samples/cm2

throughput 1 to 10 measurements / s



Microfluidics

BioXTAS chips

Toft, K. Nørgaard, et al. Analytical Chemistry 80.10 (2008): 3648-3654.

Lafleur, Josiane P., et al. Journal of Applied Crystallography 44.5 (2011): 1090-1099.

Skou, Magda, et al. Journal of applied crystallography 47.4 (2014): 1355-1366.

Schwemmer, Frank, et al. Lab on a Chip 16.7 (2016): 1161-1170.

SAXS disc



Sample preparation

Lab on a chip? Preparation of 

screening/concentration series and transfer to the 

measurement chambers in a single chip.

Offline sample preparation: parallelizable, no in-

beam time lost due to sample preparation.

Off-chip sample preparation (more flexibility) 

pipetting robot, droplet dispenser.



Conclusion

3D structure Protein function

AlphaFold2
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MX

Protein sequence



4th generation sources with their low divergence is very attractive for BioSAXS.

The improved beam property open new experimental possibilities and advanced bioSAXS

experiments (TR SAXS, scanning SAXS, in situ SAXS, etc.).

The beam delivered by fourth generation sources coupled with adapted sample 

environments, would allow to further increase the sensitivity and throughput of the 

methods, makings it useable for large scale screening/titration study.

Summary

clement.blanchet@embl-hamburg.de


