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Empyrean Nano edition Malvern \/ PANalytical

/"’-‘ ~ : ~ VS T l—\. - .-'
Goniometer-pasead
N "\ 7/ —~ = o~ 4= ™\ v-l N ™\ -+ ;: -~ VY
A-Iay Scattering Pla (TOrNM
N Offering the widest g-range - without any gap
_’;‘_ \\".‘. R
N
I\ —— &3
= Y 10 4
o < : JA"\/N/ \,\/*"
= Saiu:;ig wector § lA"l‘ § {
u

w)

2 o 5 10 15 20
£ Scattering vector Q [A"]
r:"‘/ Fartkde dze: 550 nm 4\\'1
o Scattering v:aol qlA) e
Nanomaterial analysis on multiple length scales
Total scattering (PDF)

SAXS (1D & 2D), BioSAXS

USAXS - WAXS (1D & 2D)

Cu radiation Ag or Mo radiation

0.005 0.1 5 80 160 26 [deg]
1700 100 2 0.1 0.ve dgragy [NM]
0.00036 0.0071 0.36 22 qlA]

© 2017 PANalytical B.V. All rights reserved. Malvern PANaIytlcal



Protein powder screening
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The X-rays interact with the electrons in the sample.

Thomson scattering

» Electrons oscillate in the electric field of the X-rays

* They emit secondary, coherent waves that interfere
with each other

» For X-rays, all electrons can be treated as free
electrons (cf. light scattering: only outer electrons
scatter).

X-ray source

Image taken from Glatter & Kratky,
"Small Angle X-ray Scattering”, Academic Press, 1982

The interference pattern is measured at small angles 26,

very close to the direct beam.
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SAXS from spheres of different size Maﬂﬁm \/ PANalytical

10
P
~ Z
o A
o« 107
O O
N d
— 0O
~— cﬁ
—~ =
g E @® rR-10mm
—_ = -4
I “910
—_ QO ‘ R =20 nm
S Qo
)
ol 5_? )
10
R =40 nm
0 0.2 0.4

Scattering vector g [nm1]

© 2017 PANalytical B.V. All rights reserved. Malvern PANalytical



Trimodal particle size distribution

Malvern
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Pair distance distribution function p(r) 24 ~ |
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for different particle shapes Malvern & Panalytica

Model calculations
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BIoSAXS data analysis Malvern
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Advantages of SAXS on proteins Mavern % Panaytical

 Protein characterization can be done in situ, with the proteins in solution
and under near physiological conditions.

- Effects of e.g. pH, salt concentration, temperature, added ligand
can be systematically studied.

- Easy sample preparation as compared to e.g. cryo-EM or SC-XRD.

+ Also applicable in case protein doesn’t crystallize!
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Information obtainable from Bio-SAXS experiments (I)  Malvern N eanaiytica

Radius of gyration R, : overall size parameter

«~. Molecular weight: differentiate between oligomeric forms

Overall shape: e.g. overall spherical vs. elongated

3D envelope shape

D, ..: maximum dimension
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Information obtainable from Bio-SAXS experiments (Il) Ma,IvAern

CRYSOL

b

Validation of atomic structures

- Protein in crystal vs. in solution

Degree of compactness / flexibility

: : : folded /N folded
- Protein folding / unfolding oee \ e e
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Protein stability
- Detect protein aggregation
- Differentiate repulsive and attractive protein-protein interactions

Protein dynamics
- Time-resolved measurements
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Protein size shape and structure Malvern \/ PANalytical
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Apoferritin - Guinier plot
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No aggregates

Rg =59 nm
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Apoferritin - Pair distance distribution function p(r)  Mmalvern N panaiytica

p(r)

experimental data ]
back-transform of p(r)_;
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The characteristic shape of the p(r) function
points to an object with a hollow structure.
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Apoferritin - hollow sphere model Malvern \/ PANalytical
(*)
From the X-ray data apoferritin molecules have a molecular weight of 480,000 and a form approximating on the average at a
resolution of 26 A to a spherical shell having an external radius of 61 + 3 A and internal to external radius ratio about 0.6.
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3D protein shape reconstruction (ab initio) Mavern Yo Panaiytical

(*) D. Franke, D.I. Svergun et al., J. Appl. Cryst. 50, (2017)z
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Protein structure in crystal form vs. in solution Malvern \/ PANalytical

Calculation of SAXS data
from published atomic coordinates. 10

CRYSOL experimental data

R, = 5.3 nm (experiment)

. Rg = 5.4 nm (atomic model)
atomic low-resolution hydration - 1 - 2 .... 3
structure structure layer added Scattering vector q [nm-1]

The crystal structure of the protein is similar to its structure in solution.
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Glucose isomerase (11 mg/ml)

—— protein solution
pure buffer
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- Enzyme produced by
microorganisms (bacteria)

- Catalyzes the conversion of
glucose to fructose

100 mM Tris, 1 mM MqgCl,, pH = 8

Malvern PANalytical
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Malvern
Guinier plot Pair distance distribution function
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Empyrean Nano (60 min) 3.31 nm 3.32 nm 9.7 nm
Empyrean Nano (10 min) 3.33 nm 3.27 nm 9.5 nm
Synchrotron 3.25 nm [1] n.a. 9.7 nm [2]

Ry radius of gyration
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Simulation of SAXS data from SC-XRD data
and comparison with experimental data

Glucose isomerase
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CRYSOL softwarel

Conclusion:

In solution the protein
is forming a tetramer.

The structures in the crystal
and in solution are similar.

1Svergun D.l., Barberato C. and Koch M.H.J. (1995) CRYSOL - a Program to Evaluate X-ray Solution Scattering of Biological

Macromolecules from Atomic Coordinates J. Appl. Cryst. , 28, 768-773.
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Oligomeric mixtures — Bovine Serum Albumin (BSA)

Bovine serum albumin (BSA), 10 mg/ml in 50 mM
Hepes, 50 mM NaCl, pH = 7.5, T = 20 °C

SAXS data for monomer and dimer
were simulated from the published
atomic structures (using CRYSOL).

Protein Data Bank PDB 4F5S

© 2017 PANalytical B.V. All rights reserved.
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Protein folding / unfolding - BSA in Hepes buffer Mavern ¢ PaNalytica

SAXS measurements were done without and with added urea (known to be a denaturant).

Kratky plot (/g° vs. q) In pure buffer (no urea):  In buffer with 9M urea:
------------------------- folded, unfolded,
|C|2 : Int. prop. g*{ globular particle dissolved polymer chain
| no urea Int. prop.g?]
4x10 9M urea l '
5
2x10 | 'w‘ ' ‘ l ’
/ l | ]
0 : ,
0 0.5 1.0 1.5 2.0 2.5
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Liposomes

Medscape
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Lipid phase transition temperature Malvern \/ PANalytical

Lipid bilayer structure Alkyl chain ordering
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SAXS / WAXS on liposomes N panaiytical

Test sample: T T T r T T T
Phospholipid DPPC (25 mg/ml in a PBS SAXS WAXS
buffer), before extrusion.

- Forming multilamellar vesicles.

— d=42A T = 20°C |
= .
L
: . : d =6.3 nm
The SAXS signal contains information 2 T = 50°C °
about the lipid bilayer structure and g .
stacking. [ \
=
From the WAXS signal information about d-66nm
the alkyl chain packing can be deduced. - .
measurement time: 10 min
Melting temperature of DPPC = 41°C A SN
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Scattering vector g [nm-1]
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 Structural studies on proteins were performed to determine:
« Overall size and shape (simulation and ab-initio determination)

Folding / unfolding (tertiary structure)

Stability and complex formation (quaternary structure)

Oligomeric state and oligomeric mixture

Molecular weight
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