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 BUT can be an excellent tool for testing molecular models (because we can quantitatively
calculate WAXS data from molecular models)

e Can add to SAXS information in details about:
e Ligand binding
* Protein ensembles
e Structural changes
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X-ray beam typically 140x40 microns
1012-10'3 photons per second

Flow cell (100 ms x-ray exposure)
Temperature controlled

1.5 mm path length (typical)

10 microliter sample volumes possible

> 5 mg/ml concentration preferred
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1/d =qg/(2p) = 2 singl /1
Physicists use q (A1)
Structural biologists use 1/d (A)




That's nice...

What does it mean?

What kind of information is really in the pattern?



Can be used to calculate p(r)
Can in principle be calculated from atomic coordinate set

Very sensitive to structural changes at all length scales

(literally a histogram of the lengths of all interatomic vectors in the protein

»  Size and shape (radius of gyration)
» Tertiary/quaternary structure

e  Secondary structure

— Alpha helices
1.5 A axial separation of amino acids along
helix
5.4 A pitch
10 A diameter (center-to-center distance)

— Beta sheets
4.7 A strand-to-strand distance
7.0 A pleat distance (2 residue separation)

Molecular envelopes are limited in
resolution no matter how much data you
collect — wider angle data cannot be
used to construct unique shapes;
correspond to internal structural

patterns
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R.F. Fischetti (2008) Characterization of Protein Fold

using Wide Angle X-ray Solution Scattering. J. Mol. Biol.
383, 731-744.




q~1.2A1

q-~ 2.4 Al

high resolution ~ g>2.5

So — there certainly
exists information about
secondary and tertiary
structure — but not going
to be finding protein fold
anytime soon



necessary to calculate scattering from atomic coordinate
sets

CRYSOL is fabulous at small angles, but at wider angles,
a uniform hydration layer is inadequate (which - in and of
itself says something about the power of WAXS )



*WAXS patterns were computed from proteins
using explicit atomic representations for water.

*Proteins were placed in droplets generated by
MD simulations and scattering was calculated
using an average over 100 snapshots.

s\Water contribution was accounted for by
subtraction of scattering from droplets
containing water without proteins.

THE JOURNAL OF CHEMICAL PHYSICS 130, 134114 (2009)

Simulated x-ray scattering of protein solutions using
explicit-solvent models
Sanghyun Park,'® Jaydeep P. Bardhan,? Benoit Roux,>® and Lee Makowski?
Mathematics and Computer Science Division, Argonne National Laboratory, Argonne, illinois 60439, USA

2Biosciences Division, Argonne National Laboratory, Argonne, lllinois 60439, USA
JDcpamnmr of Biochemistry and Molecular Biology, University of Chicago, Chicago, illinois 60637, USA

(Received 29 December 2008; accepted 235 February 2009; published online 7 April 2009)




a 0z e
a/zn (A1)
1000
800 -
A
o a0z LT
a/zn (k)
600 -

relative intensity

400
- — ) /
Discrepancies; where they
exist, often involve A
experimental data with

weakened peaks or filled in
troughs.

e b - calculated
—O— 146.7 mg/ml - observed

0 |
0.00 0.05

THE JOURNAL OF CHEMICAL PHYSICS 130, 134114 (2009)

Simulated x-ray scattering of protein solutions using
explicit-solvent models

Sanghyun Park,"® Jaydeep P. Bardhan,? Benoit Roux,>* and Lee Makowski?
'Mathematics and Computer Science Division, Argonne National Laboratory, Argonne, Illinois 60439, USA
2Biosciences Division, Argonne National Laboratory, Argonne, Illinois 60439, USA

3Dﬂparﬂnmr of Biochemistry and Molecular Biology, University of Chicago, Chicago, Illinois 60637, USA

(Received 29 December 2008; accepted 25 February 2009; published online 7 April 2009)

0.10 0.15 0.20
1/d

Success of this approach also provides strong
evidence that MD approaches are getting water of
hydration correct
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can we see ligand-induced structural changes?
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When Cat*t added,

difference intensity is very
distinct



black — apo
blue — ATP
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Each ligand (riboflavin and ATP) modulates the protein in such a manner as to shift a surface
flap to a new position. Not only does the addition of each ligand produce a statistically
significant change in the scattering profile (reduced chi square, c, = 2.94 for ATP and 2.90
for riboflavin respectively vs. apo RFK normalized for error), but the profiles for ATP and
riboflavin are virtually indistinguishable (c, = 0.03 between the two ligand-bound forms).
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scattering from spheres of
14; 15 and 16 A radius
minima at ~ 1/(radius)

scattering from a solution of all
three spheres looks like the
average sphere but with minima
filled in and maxima muted

so...the broader the ensemble; the greater the effect

WAXS is highly sensitive to this effect...
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At concentrations below about 50 mg/ml, the scattering from
met-Hb indicates a progressive increase in polydispersity -
broadening of the structural ensemble.

Lack of change in higher angle scatter suggests this is due to
rigid body motions







