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Outline

1. Lipid WAXS: Why bother?
2. Experimental
3. Measuring order parameters and detecting phase coexistence

For more details see recent papers:

T.T. Mills, G. E. S. Toombes, S. Tristram-Nagle, D.-M. Smilgies, G. W. Feigenson,
and J. F. Nagle. 2008. Order parameters and areas in fluid-phase oriented lipid
membranes using wide angle x-ray scattering. Biophys. J.
doi:10.1529/biophysj.107.127845.

T. T. Mills, S. Tristram-Nagle, F. A. Heberle, N. F. Morales, J. Zhao, J. Wu, G. E. S.
Toombes, J. F. Nagle, and G. W. Feigenson. 2008. Liquid-liquid domains in
bilayers detected by wide angle x-ray scattering. Biophys. J.
doi:10.1529/biophysj.107.127910.
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The different lamellar lipid phases: what do x-rays see?

Wide-angle x-ray scattering (WAXS) images from oriented lipid multilayers
have distinct patterns, depending on the phase behavior of the sample.
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Lipid Structures
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Cholesterol "decouples"” orientational and positional order.
(Ipsen et al., Biochim. Biophys. Acta 905, 162-172 (1987))
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Repeating structural units in model membranes
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The raft hypothesis and Ld/Lo coexistence in model membranes

more ordered "raft"
rich in cholesterol and raft protein
saturated lipids

from wilkimedia

Functionally important role of protein sorting for lipid

heterogeneities termed "rafts"
(K. Simons and E. Ikonen, Nature 387, 569-572 (1997))

Baird/Holowka group at Cornell studies raft-mediated

cell signaling during immune response
(D. Holowka et al., Biochim. Biophys. Acta 1746, 252-259 (2005)).

Cell membrane rafts are too small to be
observed with optical microscopy.
Then how do model membrane studies of macroscopically

phase-separated mixtures relate to "rafts"? It's complicated!
For a review, see: E. London, Biochim. Biophys. Acta 1746, 203-220 (2005).

Fluorescence microscopy
shows Ld/Lo phase
coexistence in giant
unilamellar vesicles (GUVSs)

DOPC/DSPC/Chol

Picture from Feigenson lab:
J. Zhao et al., Biochim. Biophys.
Acta 1768, 2764-2776 (2007).

Other Cornell community members
working on model membrane phase
behavior:

Webb group (Elaine Farkas)

Baird group (Sarah Veatch)
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http://upload.wikimedia.org/wikipedia/commons/c/c6/Lipid_raft_organisation_scheme.svg

WAXS: why bother?

1. Recent work documents large artifacts due to fluorescent probe.
J. Zhao et al., Biochim. Biophys. Acta 1768, 2777-2786 (2007).

A. G. Ayuyan and F. S. Cohen, Biophys. J. 91, 2172-2183 (2006)

S. L. Veatch et al., J. Phys. Chem. B. 111, 502-504 (2007)

Many widely used methods for detecting phase coexistence require probe:
fluorescence microscopy, FRET, ESR (require large probe)
°H NMR: requires deuterated lipid (not so perturbing)

(X-ray scattering is probe-free)
2. Microscopy can only detect domains >1 em. (WAXS has a small length scale)

3. Apparent disagreement between microscopy and traditional x-ray methods:

Only one lamellar repeat observed for the "canonical raft mixture"
M. Gandhavadi et al., Biophys. J. 82, 1469-1482 (2002)
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EXPERIMENTAL

Oriented multilayers

g, direction: structure perpendicular to the
plane of the membrane (e.g. lamellae)

g, direction: lateral structure in the plane of
the membrane (e.g. chain lattice).

Multilamellar vesicles:
scattering is isotropic.

Sample preparation

Oriented samples: 10 nm thick (~2000
bilayers)

rock and roll procedure (Tristram-Nagle,
2007)

Low mosaicity (HWHM<0.02 U

MLVs: 5 mg lipid in excess water:
5:1 to 10:1 (v/v) water lipid
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