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Intracellular Receptors 
· Binding of hormones or drugs releases regulatory proteins 
permitting dimerization of the hormone–receptor complex 
· Such complexes interact with response elements on nuclear DNA to modify gene expression, changing protein synthesis 
· Include receptors for adrenal & gonadal steroids, thyroid hormones and vitamin D 
· Response is usually slow in onset 
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Membrane Receptors Directly Coupled to Ion Channels 
· Membrane receptors directly coupled (no second messengers) to ion channels 
· Include nicotinic receptors for ACh (ANS ganglia, skeletal neuromuscular junction & CNS) which is coupled to a Na+/K+ ion channel 
· Include GABAA receptors in CNS, coupled to a chloride ion channel 
· Include glycine receptors & serotonin (5HT3) receptor subtype 
· Response is rapid and usually of short duration 
IMAGE TO COME 
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Receptors Linked via Coupling Proteins to Adenylyl Cyclase 
· “Serpentine” with 7 trans-membrane spanning domains – 3rd domain coupled via G-proteins to adenylyl cyclase which forms cAMP specific substrate enzymes 
· cAMP activates protein kinase A,which phosphorylates tissue specific substrate enzymes 
· Receptors linked to GS proteins increasing cAMP include those for catecholamines (beta), dopamine (D1), glucagon, histamine (H2), prostacyclin & 5HT. 
· Receptors linked to Gi proteins decreasing cAMP include those for catecholamines (alpha2), ACh muscarinic (M2), dopamine (D2 subtypes) and several opioid & 5HT subtypes. 
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Receptors Linked via Coupling Proteins to Phospholipase C 
· Receptor systems are coupled via Gq proteins which activate phospholipase C to release inositol triphosphate (IP3 ) & diacylglycerol (DAG) from membrane phosphatidylinositol bisphosphate (PIP2) 
· IP3 releases Ca2+ from the SR which with DAG activates protein kinase C resulting in phosphorylation of tissue specific substrate enzymes 
· Include receptors for ACh (M1 & M3), norepinephrine (alpha1), angiotensin II, and several opioid & 5HT subtypes. 
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Fig I-16. Receptors using Cyclic-AMP (cAMP) & Phosphatidylinositol bisphosphate (PIP2) as Second Messengers. 
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Cyclic GMP & Nitric Oxide Signaling 
· Important regarding vascular smooth muscle 
· Cyclic GMP is a 2nd messenger in vasculature, facilitating dephosphorylation of myosin light chains preventing their interaction with actin - thus causing vasodilation 
· Nitric oxide (NO), which can be formed from nitrates (eg, nitroglycerin) and released from endothelial cells by vasodilators (eg, H1 & M3 agonists), activates guanylyl cyclase increasing cGMP. 
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Receptors that function as Enzymes or Transporters 
· Enzyme inhibitors include those for: acetylcholinesterase, angiotensin converting enzyme, carbonic anhydrase, cyclooxygenases, dihydrofolate reductase, DNA/RNA polymerases, monoamine oxidases, Na-K-ATPase, neuraminidases, aspartate proteases & reverse transcriptases 
· Drugs that inhibit transporter systems include those for transporters involved in reuptake of dopamine, GABA, norepinephrine & 5HT. 
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Receptors that Function as Transmembrane Enzymes 
· Mediate first steps in signaling by insulin and growth factors including Endothelial Growth Factor (EGF),Platelet Derived Growth Factor (PDGF) & ANF. 
· Membrane-spanning macromolecules with recognition sites for binding of insulin & growth factors located externally and cytoplasmic domains that function as tyrosine kinases 
· Binding of ligands causes conformational changes (eg, dimerization) so that the tyrosine kinase domains are activated, leading to phosphorylation of tissue-specific substrate proteins. 
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Receptors for Cytokines 
· Include receptors for erythropoietin, somatotropin & interferons. 
· Are membrane-spanning and activate separate cytoplasmic tyrosine kinases (Janus kinases, JAKs). 
· The JAKs phosphorylate signal transducers & activators of transcription (STAT molecules). 
· STATs dimerize then dissociate, cross the nuclear membrane & modify gene transcription. 




