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Our collaborative team has successfully introduced N15-labeled valine in a conformationally stabilized
beta 1 adrenergic receptor and used the labeled positions for evaluating backbone dynamics of this
GPCR. We were able to see heterogeneous responses across the receptor after binding a number of
agonists and antagonists. But, remarkably, we were able to pick up a homogenous response
reflecting the signaling transmission within the receptor in a region distant from the ligand binding
site. In addition, we were able to observe changes of loop dynamics in the ligand entrance channel of
the adrenergic receptor. With these experiments, and a sophisticated network analysis of known
active and inactive GPCR structures, our team was able to outline a detailed allosteric mechanism of
GPCR activation.
Free-electron lasers are X-ray sources with unprecedented peak brilliance. Switzerland, in a bold
move, has decided to build its own Free Electron laser at the Paul Scherrer Institute (PSI). The facility
has taken up operation. In an international team, we have applied FELs in the U.S. and Japan to
explore serial crystallography for membrane proteins. Using bacteriorhodopsin as a model system,
we were able to trigger its photo cycle in lipidic cubic phase, and we have also observed reaction
intermediates at room temperature. We can observe already after 16 ns disordering of a water
cluster that is directly hydrogen bonded to the Schiff base. The difference densities are further
increasing over time. This change is an important part of the mechanism that modulates the affinity
of the proton to the Schiff base nitrogen. Later structural changes raise the pKa of Asp85 to the point
where it spontaneously accepts a proton from the Schiff base. This is a key discovery in
understanding how the proton pump bacteriorhodopsin is able to pump protons against a proton
gradient. Using the exceptional free electron laser facilities at LCLS and SACLA, our consortium has
measured a first molecular movie of structural changes in a membrane protein.
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