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Analytical Ultracentrifugation Conference

Welcome!

This conference on Analytical Ultracentrifugation is dedicated to Mobel Laureate The
Svedberg (biography) at the 125th anniversary of his birth on August 30, 1884. The
Svedberg is the father of the analytical ultracentrifuge, an invention that allowed the
determination of particle size distributions of colloids, the determination of molecular
weights of macromolecules and the proof that macromolecules exist. The ultracentrifuge
helped to put The on his way to the Nobel Prize in Chemistry in 1926 for his work on
disperse systems. The pioneering work of Svedberg and his colleagues on colloids and
macromolecular compounds laid the foundations for far-reaching progress in molecular
biology, macromolecular chemistry and biochemistry as well as colloid science. The
envisaged topics of this special conference try to follow The Svedberg’s broad range of
scientific interests related to the Analytical Ultracentrifuge.

The Svedberg
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. Molecular weight and molecular weight
distribution analysis

. Conformation and flexibility analysis

- general (rods, spheres, coils etc)

- polymer flexibility

- protein conformation: ellipsoids and bead
models



Analytical ultracentrifugaton:
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OPTICAL RECORDS FROM SEDIMENTATION EQUILIBRIU!
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Extraction of M, ,,, from sedimentation equilibrium and "MSTAR" analysis
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Extraction of M, ,,, from sedimentation equilibrium and "MSTAR" analysis
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SEDIMENTATION VELOCITY
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Guar, 0.75 mg/ml
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Multi-Gaussian fit estimates proportions of each
species too:
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Converting a sedimentation coefficient distribution to a
molecular weight distribution

Harding, S. Adv. Carb. Chem. Biochem, 1989



Converting a sedimentation coefficient distribution to a
molecular weight distribution

Molecular weight distribution — no column or membrane needed
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Harding, S. Adv. Carb. Chem. Biochem, 1989



Converting a sedimentation coefficient distribution to a
molecular weight distribution

Glycoconjugate vaccine — too large for SEC-MALLSs analysis
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. Molecular weight and molecular weight
distribution analysis

. Conformation and flexibility analysis

- general (rods, spheres, coils etc)

- polymer flexibility

- protein conformation: ellipsoids and bead
models




Citrus pectin
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S%0w and kg extraction
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General conformation analysis: the Haug Triangle
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COMPACT SPHERE .
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Power law, “Scaling” or “MHKS” relations:

RIGID ROD
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Rod
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Mark-Houwink-Kuhn-Sakurada Power law plot
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Change in Conformation
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Conformation Zoning:

Zone A: Extra-rigid rod:
schizophyllan

Zone B: Rigid Rod:
xanthan

Zone C: Semi-flexible coll:

pectin

Zone D: Random coil:
dextran, pullulan

Zone E: Highly branched:
amylopectin, glycogen




Conformation Zoning:

3.5

3.0
2.5
2.0

1.5

=11
log (10 kM)

1.0

0.5 1.0 1.5 2.0 2.5
log (10%[s]/M )

Pavlov, Rowe & Harding, Trends in
Analytical Chemistry,1997
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Worm-like Chain

Flexibility parameter: Persistence length L

Contour
Length

L—:-OO

Kuhn-statistical length A" = 2L



Worm-like Chain

Flexibility parameter: Persistence length L

Theoretical limits: Random coill Lp =0
Rigid rod L, = infinity

Practical limits: Random coill Lp ~1-2nm
Rigid rod L, ~ 200nm



“Bushin-Bohdanecky” relation
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Flexibilities of
carbohydrate poilymers

Carbohydrate Polymer L (nm)
Pullulan 1.2-1.9
Amylose 2.8

Pectin (69% esterified) 12-15
Pectin (0% esterified) 34

DNA 45
Schizophyllan 115-200
Scleroglucan 180+30
Xanthan 210




Protein conformation: ellipsoids and beads

936

Semi-axesa>bz>c

Axial ratios (a/b, blc)

Software Software
http://www.nottingham.ac.uk/ncmh http://leonardo.inf.um.es/macromol
Ellips1 (ellipsoids of revolution) Hydro,

Ellips2, Ellips3, Ellips4 (general Solpro,

ellipsoids) HydroPro



Ellipsoid axial ratio determinations — wheat protein gliadins

« -
\ a/b ~ 25-34

T a/b~9-13

a’b ~ 18-28

Wy -
T b 15-25 .

Structure and heterogeneity of

gliadin: a hydrodynamic evaluation
S. Ang et al, Eur. Biophys. J. (2009)



Ellipsoid axial ratio determinations — wheat protein gliadins

20 o .
\ a/b ~ 25-34
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Structure and heterogeneity of
gliadin: a hydrodynamic evaluation
S. Ang et al, Eur. Biophys. J. (2009)

www.nottingham.ac.uk/ncmh



Demonstration of ELLIPS1 & ELLIPS2 programs:

download from http://www.nottingham.ac.uk/ncmh

For a wide variety of hydrodynamic parameters including v
(from intrinsic viscosity)— see Lecture 1 notes or P (from
sedimentation or diffusion measurements) — see Lecture 3
notes:

v = [n] /v
P= (fif,). (viv)"3
where (f/f,) = (k gT/Ban){(4nN o/3vM)3 }/D%;
= (M(1-Vp,)/NABTN  { (47N A/BVM) }/SOs
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For more complicated shapes:

BEAD & SHELL MODELS
Hydro, Solpro, HydroPro etc

http://leonardo.inf.um.es/macromol/

IgE
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