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            Abstract
In the study of complex mammalian behaviours, technological limitations have prevented spatiotemporally precise control over intracellular signalling processes. Here we report the development of a versatile family of genetically encoded optical tools (â€˜optoXRsâ€™) that leverage common structureâ€“function relationships1 among G-protein-coupled receptors (GPCRs) to recruit and control, with high spatiotemporal precision, receptor-initiated biochemical signalling pathways. In particular, we have developed and characterized two optoXRs that selectively recruit distinct, targeted signalling pathways in response to light. The two optoXRs exerted opposing effects on spike firing in nucleus accumbens in vivo, and precisely timed optoXR photostimulation in nucleus accumbens by itself sufficed to drive conditioned place preference in freely moving mice. The optoXR approach allows testing of hypotheses regarding the causal impact of biochemical signalling in behaving mammals, in a targetable and temporally precise manner.
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                    Figure 1: 
                        OptoXR: optogenetic control of intracellular signal transduction.
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Figure 2: 
                        Signalling specificity and 
                        in vivo
                         functionality.
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Figure 3: 
                        In vivo
                         optoXR modulation of neural activity.
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Figure 4: 
                        Optical control of reward-related behaviour.
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        Editorial Summary
Intracellular signalling: all in good time
Ion channels driven by light have provided electrophysiologists with unprecedented control over the activity state of neurons. Here, Deisseroth and colleagues introduce new molecules that offer a similar level of control over signalling pathways to biochemists. Opsin/GPCR chimaeras were engineered, enabling the authors to modulate G-protein activity via light, which in turn could influence neuronal firing. Expressed in vivo, activating these molecules could drive conditioned place preference in behaving mice.
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