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Fluid Biomembranes
 Advances via the joint refinement (n + X + MD)
-membrane structure and intermolecular interactions
 Advances due to the improved instrumentation
-bacterial membranes


-lipid rafts
 Advances thanks to the progress in chemistry
-cholesterol location
-peculiarity of vitamin E

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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X-ray Scattering – Complex Models
• high resolution X-ray scattering data allows

for using complex models, thus enhancing the
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Neutron Scattering – Simple Models
• neutron scattering data are inherently featureless
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• 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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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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Small-Angle Neutron Diffraction from Membranes
• neutrons penetrate inside the bilayers
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• provides information on the distribution of
various membrane components and water
• reveals valuable structural properties
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Bacterial Membranes
• the outermost layer of Gram-negative bacteria is
composed mostly of lipopolysaccharide (LPS)
• the LPS is toxic to the host, while it makes bacteria
resistant against the variety of cell defense processes as well as invading drugs
• bacteria exist in salt conditions (e.g., Na+, Mg2+, and Ca2+ predominantly)
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Findings
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• water molecules penetrate up to and including the
hydrophobic core center
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• less water penetrate into Ca2+ loaded bilayer and
bilayer is thicker
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• Ca2+ ions stabilize LPS bilayers and limit water
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Conclusions

• structural changes correlate with the biological activity
• such correlation helps to understand the action of bacterial membrane
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Lipid Rafts by Neutron Scattering
Neutron scattering (via selective deuteration) is
sensitive to nanometer-sized domains, previously
not accessible by other methods.

The study of complex membrane models,
including functional domains,
helps to further
our understanding
of how the cell may
regulate critical
biological process
via the composition
of lipid bilayers.
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Biomimetic Systems with Cholesterol
Findings
• cholesterol inserts as a spacer
into the bilayer hydrophobic core,
where it increases the order of
lipid’s hydrocarbon chains
• the hydrocarbon ordering effect
of cholesterol dominates over its
ability to reduce the hydrophobic
mismatch between itself and the
lipid chain
• cholesterol can be made to change
its orientation in model
membranes by changing the ratio
of PUFA to saturated chain lipids.
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Domains driven by Lipids

In addition to demonstrating
cholesterol’s aversion to the
disordered PUFA chains,
Neutron Diffraction
suggested also that DMPC
avoid interacting with PUFA
chains and form domains,
i.e., domain formation is
driven by the aversion that
certain lipids have for each
other.
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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 aToc
intercepts acyl chains that
snorkle to the membrane’s
surface
• aToc is best able to protect
against waterborne reactive
oxygen species (ROS) when
situated higher in the
membrane
• DMPC is a remarkable
exception to aToc’s
membrane presence

Conclusions

• aToc’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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Marquardt, Williams, Kučerka, Atkinson, Wassall, Katsaras, Harroun, JACS 135 (2013) & JACS 136 (2014)

Neutron Scattering provides strong data on the overall
bilayer structure, which combined with X-rays and MD
reveals detailed structural and interactional properties
 Neutron Diffraction from multilayers increases the
accessibilty of subtle details from bio-relevant studies
 Specific deuteration enhances neutron scattering
techniques and helps to further our understanding of
how the cell may regulate critical biological process via
the composition of biomembranes
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