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Probing Lipid Membrane Structure by

X-ray and Neutron Scattering

Tonya Kuhl & Jarek M ajewski
UC Davig/Los Alamos Neutron Scattering Center
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Biophysics of the Cell Membrane

microtubules ;
- chromatin
| _ ] i Self-Assembly
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Membranes arewherethe
ACTION takes place!



Homogeneous vs Heterogeneous

Fluid mosaic model vs. Lipid domains — “rafts’

""-1.,‘ integra
Prodein

Cell membranes are no
longer thought of as simply
passive 2-D liquids.
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Model Membranes

monolayer (water-air interface)
Cellular Membranes

Langmuir Trough

“Moda Membranes’

membrana
protein

80% of all Drugs interact
with membrane proteins

Quartz Substrate

fi_'; Liquid-Phase Lipid “ Gel-Phase Lipid




Liquid Expanded — Liquid Condensed Phase Coexistence
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Liquid Expanded — Liquid Condensed Phase Coexistence

Liquid condensed lipid_ Di-16-PC = DPPC

Liquid expanded lipid —

Cary W. McConlogue
Langmuir 1999, 234-237

Surface Pressure (mN/m)

25 50 75 100 125
Molecular Area (nmzlmolecule)



Fluorescence Microscopy Image: DMPS lipids

Maximum resolution ~1 um
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Brewster Angle Microscopy Image

DMPS lipids

Il-14-82 1:42 PH

DMPS HZ20 prafB

111483 1:43 FH

IMFS H20 prelE
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AR mmgl, 39 Plmig.7e

Tm29.88

Maximum resolution ~1 um
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Giant Vesicles and Lig-Lig Coexistence
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DOPC/PSM/CHOL

 Dark liquid phase estimated
to berich in PSM and CHOL
* Bright liquid phase thought

to berichin DOPC

Veatch and Keller, PRL 2005
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membrane

protein
~fluid lipids

T~ solid lipids
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Homogeneous vs Heterogeneous

e How small arethe |lateral
domains in real membranes
e Toolsto characterize the

 Better model systems
domainsin-situ
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Current Use of X-rays

Monolayers and Supported Bilayers
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X-ray Grazing Incidence Diffraction
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Typical GIXD Data
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Summary

-membrane structures either with:

1. micron resolution with optical microscopy

We can probe model

(fluorescence or Brewster angle)

or
strom resolution through GIXD and reflectometry

ang

2.

AFM (but only for solid phases)

The range between is“terraincognita”!'!'!

membramne

orof

Bim

T fluid lipids
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