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Single molecule analysis-based quantification of intracellular signal transduction
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G protein-coupled receptors (GPCRs) transduce extracellular signals to the inside of the cells through interacting
with downstream signal molecules of G proteins and arrestins. Emerging evidence suggests that GPCRs on the plasma
membrane are in a dynamic equilibrium between among monomers, dimers, and oligomers. Nevertheless, the role of the
higher-order oligomer formation in the GPCR signal transduction remains unclear. Using dual- and triple-color single-
molecule imaging, we investigated a dynamic interconversion between monomer, small and large oligomer states of a
chemoattractant GPCR, Formyl Peptide Receptor 1 (FPR1), and its signal efficacy through G protein interaction. Full
agonist stimulation increased a fraction of large FPR1 oligomers, which resulted in prolonged FPR1-G protein interaction.
The G protein interaction with FPR1 was most stabilized at the full agonist-binding large FPR1 oligomers, demonstrating

that G protein-mediated signal transduction is regulated synergistically by the ligand-binding and FPR1 oligomerization.

Cooperative signal control induced by receptor oligomerization is anticipated as a target for drug discovery.
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Figure. Schematic of the 2 step activation model of
FPR1 proposed from the present single-molecule
imaging study.
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