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Where is the bias?

Theoretical and experimental insights into the onset of
ligand biased signaling by G protein coupled receptors.

Susanne Roth


	Summary
	Nederlandse Sammenvatting
	General Introduction
	G protein-coupled receptors are environmental signal integrators
	Ligand biased signaling of GPCRs
	Studying ligand biased signaling
	How mathematical models help in understanding signal transduction
	Aim of this thesis

	A conformation-equilibrium model captures ligand ligand interactions and ligand biased signaling by G protein-coupled receptors
	Introduction
	Results
	Discussion
	Supplementary Information
	Equilibrium binding models: examples and basic terminology
	Hill coefficient
	Deriving GPCR models
	Model parameters

	Biased activation of Gq by calcium-sensing receptor agonists
	Introduction
	Results
	Discussion
	Materials and Methods
	Supplementary Information

	Assessing the covariation of Gq activity and intracellular calcium mobilization upon GPCR stimulation
	Introduction
	Results
	Discussion
	Materials and Methods
	Supplementary Information

	G protein-coupled receptor signaling networks from a systems perspective
	Systems biology of signaling networks
	Why GPCRs are so attractive for systems biology
	Quantification of the membrane processes
	Receptor activation and conformation selection
	G protein activation and inactivation cycles
	Signal transduction cascades of biochemical reaction cycles: sensitivity amplification
	Negative feedback in signal transduction cascades: oscillations and robustness to drugs
	Positive feedback in signal transduction cascades: from gradual to all-or-none, bistable responses
	Experimental observations of bistability and oscillations require single-cell approaches
	Fold-change detection by networks compensates for stochastic fluctuations in protein levels
	Outlook: appreciating how a GPCR plays a role in the decision making machinery of a cell

	General Discussion
	Multiplex signaling: is it the receptor, the network or both?
	Receptors are networks
	The influence of the cellular context and post-translational modifications on biased signaling
	Conclusions and future perspectives

	References
	Acknowledgements

