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Outline

● Homework answers
● Brief review
● Practical considerations
● Sampling of other techniques









Review – Kratky plots of (partially) folded proteins

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

In practice, thin Gaussian chains do not 
exist.

In spite of the plateau at T=76°C, NCS is 
not a Gaussian chain when unfolded, but a 
thick chain with persistence length. 





















Practical considerations

Courtesy: Thomas Weiss, SLAC

Sample requirements for (SAXS) solution scattering

● size: >5kD

● purity: highly monodisperse !

● concentration: 0.25 – 10mg/ml (higher for small proteins and intermediate angle data

● sample volume 15-50 ul ;(so only a fraction of 1mg protein needed for a starting 
experiment!)

● enough material for at least 3 concentrations

● matching buffer solution is very important (lower salt better)

● most buffer components tolerated (e.g. glycerol (<30%) and salt (<0.5M) are OK)

● S-reducing agent can help protein to stay intact under irradiation

Additional requirements for time-resolved measurements

● lots of sample (at least 10mg, better more)

● sufficiently large change between initial and final state

● pre-characterization of kinetics by other techniques



Practical considerations

Courtesy: Thomas Weiss, SLAC

A good SAXS experiment starts in your home lab

● every protein has it’s own “personality”
● the more you know about your protein the better you can select the data 

acquisition parameters (buffer composition, pH, additives ….)

● Characterize your protein as much as possible with biochemical means
● check for possible oligomerization with concentration

● in case of complexes: for dissociation under dilution
● determine highest concentration the protein is stable (and how long?)
● simulate shipping conditions (e.g. freezing & thawing) and check sample quality 

afterwards

● know your numbers
● sequence and MW
● extinction coefficient and concentration of your stock solution



Practical considerations

Courtesy: Thomas Weiss, SLAC

Monodispersity

● check your samples:
● Good solubility (clear solution), no 

obvious precipitates
● Single species on native gels
● SDS-PAGE should show no 

contamination
● Single symmetric peak on an SEC 

column

Buffer conditions

● Other analytical techniques:
● Dynamic light scattering (DLS)
● Analytical ultracentrifugation
● Mass spectrometry SEC-MALLS

● use a low salt concentration if possible
● for proteins PBS buffer is usually a good choice
● consider additives to prevent radiation damage (DDT, TCEP, Glycerol …)
● bring plenty of matched buffer



Practical considerations

Courtesy: Thomas Weiss, SLAC

Before coming to SSRL

● provide accurate information in the beamtime request form 
● ask beamline staff if you are unsure or have questions
● contact your beamline staff before experiment just in case something changed

At the beamline

● understand how the data collection works and how to load your samples
● take plenty of buffer images
● take advantage of the online data reduction: monitor what’s happening!
● consider sample recovery for post exposure analysis
● bring additional radical scavengers in case of unexpected radiation damage





Practical considerations – Aggregated data

Courtesy: Thomas Weiss, SLAC

What if your Sample is Aggregated?

● centrifuge your sample (ideally keep it cold)
● dilute and centrifuge
● filter
● add more DTT if radiation damage is the problem
● run sample through SEC column if time permits
● change buffer condition (if you have enough material)































Monodispersity revisited

Even if you purify immediately before SAXS measurements and inject each fraction or a 
pool of fractions, you still have a chance that the sample will either aggregate or degrade 
during operations

Svergun – 2003
Shannon channels = Dmax · q-range / π
“the number of [obtainable parameters] typically does not exceed 10–15”

Hub – 2018
“… generally accepted that experimental SWAXS curves do not contain more than 

10–30 independent data points.”

Monodispersity → maximize information content / species



SEC-SAXS

● High pressure liquid chromatography or FPLC (Fast protein liquid chromatography) on line 
with the SAXS cell

● Individual peaks are more likely to be monodisperse
● First use paper, available to users who could self-manage FPLC

● Mathew, E., Mirza, A., & Menhart, N. (2004). Liquid-chromatography-coupled SAXS for accurate sizing 
of aggregating proteins. J. Synchrotron Rad. 11, 314-318.

● First setup with user HPLC support
● David, G. & Pérez, J. (2009). Combined sampler robot and high-performance liquid chromatography: a 

fully automated system for biological small-angle X-ray scattering experiments at the Synchrotron SOLEIL 
SWING beamline. J. Appl. Cryst. 42, 892-900

● Implementations (not guaranteed exhaustive)
● ID-18 BioSAXS/APS
● BL4.2/SSRL
● CHESS/MacCHESS
● SWING/SOLEIL
● BM-29/ESRF
● I22/Diamond
● P12/Petra
● SR13 ID01/Australian Synchrotron 



SEC-SAXS

  Inline HPLC/MALS system

HPLC unit
In-vacuum flow cell

Photo credit: Javier Perez 

SWING/SOLEIL



SEC-SAXS

AKTA-FPLC

Superdex-200
Column

SAXS 
Capillary

Flight-Tube

X-Rays

APS/BioCAT

Slide Credit: Srinivas Chakravarthy 



http://www-ssrl.slac.stanford.edu/~saxs/
http://www-ssrl.slac.stanford.edu/~saxs/
http://www-ssrl.slac.stanford.edu/~saxs/




SEC-SAXS

• Flow rate can be changed from 
0.05ml/min to 1ml/min.

• Maximum injection volume: 100µl
• Minimum injection volume: 1µl

MALS unit

HPLC unit In-vacuum flow cell

Slide Credit: Katsuaki Inoue 

I22 / Diamond















Deconvolution of Aldolase & Model

Brookes et al, J. Appl. Cryst. 49 (2016) 1827-41
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Books

“La diffraction des rayons X aux très petits angles: Application a l’etude de 
phénomènes ultramicroscopiques”:

A. Guinier (1939), Ann. de Phys., 11:12
pdf in course papers

“Small Angle Scattering”: 
A. Guinier and A. Fournet, (1955), in English, ed. Wiley, NY

“Small Angle X-Ray Scattering”:
O. Glatter and O. Kratky (1982), Academic Press. 
pdf available 

       http://physchem.kfunigraz.ac.at/sm/Software.htm

“Structure Analysis by Small Angle X-ray and Neutron Scattering”:
L.A. Feigin and D.I. Svergun (1987), Plenum Press. 
pdf available 

        http://www.embl-hamburg.de/ExternalInfo/Research/Sax/reprints/feigin_svergun_1987.pdf

“Neutrons, X-Rays and Light, Scattering methods applied to soft condensed matter”:
P. Lindner and T. Zemb Eds, (2002) Elsevier, North-Holland.

The Proceedings of the SAS Conferences held every three years are usually published 
in the Journal of Applied Crystallography


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61

