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Fluid Biomembranes



Structure Determination from Scattering Experiments



Structural Lipid Diversity



Cholesterol in Biomembranes



Functional Significance of Lipid Diversity



Platforms for Studying the Alzheimer Disease

Biomimetic Systems
DPPC bilayer simulations by S.J.Marrink@rug.nl

Biological membranes deliver
• Protection (separate cells)
• Signaling (transport of information)
• Selective permeability (transport of matter)

• Active functions are mainly provided
by proteins
• Functionality depends strongly on the
structure of a lipid matrix
• Lipid matrix is a 2D liquid, where lipids
and proteins diffuse almost freely
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Neutron
Small Angle
Scattering/Diffraction (SANS/D)
Scattered intensity is proportional to
“the square of the difference between scattering length density of
studied material and medium”

low contrast

Neutron contrast variation can be done without changing
the chemical properties of the system, because the
neutron scattering lengths of isotopes can be very
different.

2 ways to increase contrast

courtesy of
Dr. John Katsaras
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What Neutrons Can Do
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Clifford G. Shull

- The Nobel Prize in Physics 1994 -

Bertram N. Brockhouse

What Neutrons Cannot Do
or
Neutron Scattering – Simple Models
• neutron scattering data are inherently featureless
• however, the mid-q region provides strong

information on bilayer overall structure, reflecting
the large scattering contrast between the lipid
bilayer (a lot of H) and solvent (D2O)
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X-ray Scattering – Complex Models
• high resolution X-ray scattering data allows

for using complex models, thus enhancing the
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Joint Refinement – Advanced Models
Scattering Density Profile analysis
• Each of the component groups has nearly
the same functional form for all of the
different contrast conditions (X-rays and
neutron contrast variation)

The SDP model is fit (with only one set of
parameters) simultaneously to the set of
scattering data obtained at different
contrast conditions.

• Volume distributions satisfy a spatial
conservation principle
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MD Simulations +– Experiment
beyond advanced
= beyond advanced

hydrogen bonding interactions
lipid – cholesterol - water

detailed structural information

SIMulation to EXPeriment analysis
• MD simulations aid the analysis of experiment
• experimental results help to improve simulations
• direct comparison reconciles the simulation and
experiment
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Lipid’s Effect on Cholesterol
In contrast to ordered bilayers
composed of saturated lipids
(DMPC) or those with a small
degree of unsaturation (POPC),

more disordered bilayers
containing polyunsaturated lipids
(PUFA) orient cholesterol
molecules parallel to the bilayer
plane.
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Cholesterol in Biomembranes
Cholesterol – Bad ?

Cholesterol is essential to life.
•modifies the fluidity of biological membrane

•is important in the development of memory
•is necessary for the uptake of hormones in the brain
•is the main organic molecule in the brain, making up half the
dry weight of the brain
•functions as a powerful antioxidant, protecting us against
cancer and aging
•is a precursor to Vitamin D
•is a precursor to hormones that
regulate blood sugar levels

•is a precursor to the sex hormones
•is a precursor to the bile salts
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A New Perspective on the Antioxidant Vitamin E
Findings

Location in
14:0-14:0PC
(DMPC)

• termination of lipid radicals
can occur when slightly
deeper located Toc
intercepts acyl chains that
snorkle to the membrane’s
surface
•

Toc is best able to protect
against waterborne reactive
oxygen species (ROS) when
situated higher in the
membrane

• DMPC is a remarkable
exception to Toc’s
membrane presence

Conclusions •

Toc’s location is directly related to its antioxidation role in membrane

• importance of lipid diversity in controlling the function of biomembranes
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Structure-Function Correlations of Melatonin
• Alzheimer Disease is associated with the formation of plaques and insoluble amyloid fibrils
• cholesterol (positively) and melatonin (negatively) have been linked to amyloid toxicity
• cholesterol condensates the lipid membrane enabling amyloid fibril formation
• our results show melatonin counteracting the effect of cholesterol
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Proposed location of cholesterol (left)
resulting in increased order, while the
location of melatonin (right) introduces
disorder within the membrane
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Neutron Scattering is able to support bio-relevant
studies with data not accessible to other techniques



Specific deuteration and contrast variation enhances
neutron scattering by revealing subtle details



Structural studies help to further our understanding of
critical biological process taking place in biomembranes
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