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Neutron reflection as a tool to address a ‘blind spot’
in structural biology: The structure of membrane
associated protein complexes
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Surface-sensitive scattering of x-rays or neutrons has long been used to characterize the molecular scale prop-
erties of lipid monolayers and bilayers at aqueous surfaces and interfaces,[1,2] but has not been in the standard
toolbox for structural biology due to several limitations. Most seriously, the intrinsic resolution of reflectom-
etry in its application to biological membranes is far less than that of more established methods such as x-ray
crystallography or NMR spectroscopy [3]. Yet, combining multiple sources of information have leveled this
playground, thus unleashing the intrinsic strengths of reflectometry to provide structures of protein com-
plexes on fluid bilayers that closely resemble biomembranes.

We developed a comprehensive infrastructure for biological reflectometry that includes stable sample environ-
ments, optimized measurement capabilities and innovative data modeling [4]. Prediction of the information
gain expected from measurements at optimized neutron scattering length density (nSLD) contrasts across
the samples[5] and the steering of molecular dynamics (MD) simulations using experimental nSLD profiles
[6] have augmented the utility of the method further. Because radiation damage is not an issue in neutron
reflection even at room temperature (as opposed to X-ray scattering), conformational changes of membrane-
associated proteins can be triggered by external cues, and structurally characterized [7]. Using these tools
to characterize the membrane-associated structure of the tumor suppressor KRas4B, we observed that disor-
dered segments of the protein let this GTPase function as a membrane-bound conformational switch [8] and
allowed us characterize its structures in membrane-bound complexes with downstream binding partners of
the KRas signaling cascade.
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