Cryo-EM and x-ray structures of signalling complexes of rhodopsin shedding light on the G
protein selectivity of GPCRs
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One of the largest membrane protein families in eukaryotes are G protein-coupled receptors
(GPCRs). GPCRs modulate cell physiology by activating diverse intracellular transducers, prominently
heterotrimeric G proteins. The recent surge in structural data has expanded our understanding of
GPCR-mediated signal transduction. However, many aspects, including the existence of transient
interactions, remain elusive. We present the cryo-EM structure of the light-sensitive GPCR rhodopsin
in complex with heterotrimeric Gi. Our density map reveals the receptor C-terminal tail bound to the
Gp subunit of the G protein, providing a structural foundation for the role of the C-terminal tail in
GPCR signaling, and of G as scaffold for recruiting Ga subunits and G protein-receptor kinases. By
comparing available complexes, we found a small set of common anchoring points that are G protein-
subtype specific. Taken together, our structure and analysis provide new structural basis for the
molecular events of the GPCR signaling pathway.

Selective coupling of GPCRs to specific Ga-protein subtypes is critical to transform extracellular
signals, carried by natural ligands and clinical drugs, into cellular responses. At the center of this
transduction event lies the formation of a signaling complex between the receptor and G protein. We
report the crystal structure of light-sensitive GPCR rhodopsin bound to an engineered mini-Go
protein. The conformation of the receptor is identical to all previous structures of active rhodopsin,
including the complex with arrestin. Thus, rhodopsin seems to adopt predominantly one
thermodynamically stable active conformation, effectively acting like a “structural switch,” allowing for
maximum efficiency in the visual system. Furthermore, our analysis of the well-defined GPCR-G
protein interface suggests that the precise position of the carboxyl-terminal “hook-like” element of the
G protein, its four last residues, relative to the TM7/helix 8 (H8) joint of the receptor is a significant
determinant in selective G protein activation.

In another project, we explore the use of light-sensitive G protein-coupled receptors (GPCRS) —
opsins— for the development of new optogenetic tools to control cellular signalling processes using
light: opto-GPCRs. In a first stage we identified several new opsins capable of GPCR pathways. We
extensively characterized the most promising candidate opsins biochemically in cellular assays and
finally in vivo. We developed the basis for engineering bistable opsins towards more effective
optogenetic tools. For this, we determined the first structure of a recombinant invertebrate rhodopsin,
carried out a detailed study of the chromophore binding site with advanced biophysical methods. We
were able to compare in detail monostable and bistable visual pigments. The bistable pigments in
several aspects are closer to the ligand binding pharmacologically relevant family A GPCRs. In a
successful engineering attempt, we were able to identify mutations that shift the wavelengths of an
invertebrate rhodopsin towards the infrared. This is important for the penetration of the light into
tissues. The engineered opto-GPCRs are an important alternative to the channel opsins related
optogenetic tools and they have a wide range of applications that is not restricted to neurons.
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