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Cell Signaling
Ligands are stimuli that bind to specific receptors.
Hydrophilic ligands bind receptors on the cell surface.
Hydrophobic ligands bind receptors inside the cell.
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Effectors are intermediary proteins that relay
information in the cell; effectors may amplify
the signal by producing second messenger
molecules, such as cAMP. Effectors and second
messengers form signaling cascades.
Down-stream responses include effects on
other cell surface proteins (e.g. channels and
transporters); changes in cell shape or motility,
and expression and secretion of other stimuli,
such as hormones, cytokines and cell-cell
interaction proteins.
Signaling is regulated to prevent excess
stimulation.

Receptor Conformational Change
Receptors transduce information by changing conformation.
Ligands bind to an inactive receptor conformation and induce an activestate conformation, which can couple to effector proteins.

inactive

active
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Ligand Pharmacology Ia – ligand types
Agonist

Agonist ligands bind receptor and induce an active-state
conformation that can couple to effectors.
Antagonists are ligands that bind and induce an inactive
conformation that cannot couple to effectors; such
ligands act as receptor blockers.

Antagonist

Inverse agonists are ligands that bind to active-state
receptors and induce the inactive conformation; such
ligands lower the basal signaling level.

Inverse Agonist

Partial agonists induce less than the maximum response
induced by a full agonist.

Partial Agonist

Ligand Pharmacology Ib - potency and efficacy
Potency– The ligand (or drug)
concentration that induces half of the
maximum response, expressed as EC50 (nM
or Log M) or pEC50 (-log M).

Emax

Efficacy– The maximum response induced
by a ligand or drug (Emax, expressed
typically as moles of product per cell or
well, or as %).
N.B. Potency and efficacy of a drug or
ligand are dependent on the system –i.e.
the cell type, the number of receptors,
effectors, etc.). A partial agonist in one
setting may be a full agonist in another.

EC50

Ligand Pharmacology Ic biased agonism
Receptors are pleiotropic and can adopt different conformations
in response to structurally distinct ligands and thus activate
different effector pathways – biased agonism.

Agonist 1

Agonist 2
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Cell Membrane Receptors
G Protein-Coupled
Receptors

Receptor Tyrosine
Kinases

GPCRs
• ~800 GPCRs in humans (~3% of proteome)
• Largest integral membrane protein superfamily
• Mediate responses to diverse stimuli: peptide hormones, neurotransmitters, cytokines,
mineral ions, aromas, and photons.
• Targeted by 30-50% of all drugs.
• Four main groups:
Group

#

A
B
C
F
olfactory (A)
adhesion (B2 )
other

287 (adrenergic receptors, rhodopsin)
16 (peptide hormone receptors- PTHR1)
22 (m-glutamate and CaSR)
11 (Frizzled-wnts)
417
33
49

GPCR-G Protein Coupling
Agonist binding induces coupling to a
heterotrimeric G protein comprised of abg
subunits.
Coupling induces GDPàGTP exhange in Ga and
trimer dissociation.
Ga-GTP (and sometimes Gb/g) activate downstream effectors and second messengers.
Inactivation occurs upon GTP hydrolysis to GDP
(enhanced by RGS-GAPs) and trimer reassembly.
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G Protein Cascades
Different GPCRs couple to different G proteins,
which activate different effector cascades.
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Mechanism of Receptor Activation
Agonist binding to the extracellular surface
causes the cytoplasmic surface to open.

Glucagon
Recptor

Zhang et al. Nature 2018

Receptor-G Protein Interaction
Helix-5 of Ga docks into the
cytoplasmic cavity of the GPCR.
Docking induces a movement of
helix-5 that causes release of GDP
and G protein activation.
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Signal Termination
Activated GPCRs are phosphorylated on the C-tail by G
protein receptor kinases (GRKs).
The phosphorylated receptor recruits arrestin.
Arrestin recruits AP-2 and clatherin, which assembles into
coated pits.
Clatherin-coated pits bud from the membrane and move
into the cytoplasm to become endosomes.
Endosomes traffic through the cell and mediate receptor
degradation or recycling to the cell surface.
Signaling usually terminates with arrestin binding, but may
continue in endosomes, depending on the ligand.

Allosteric Modulation
Receptor activity can be modulated by
allosteric drugs, which bind outside of the
orthosteric site used by the natural ligand.
PAMs, or Positive Allosteric Modulators,
increase activity and/or response to
orthosteric agonist ligands.
NAMs, or Negative Allosteric Modulators,
decrease activity and/or response to
orthosteric agonist ligands.
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