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Receptor 

What are receptors? 

 Traditional model was a rigid “Lock and Key” 

◦ Lock  Receptor surface 

◦ Key  Drug or Ligand 

 

Receptor 

Drug 



Receptor 

 Receptors  fluid, flexible surfaces or pockets 

◦ Can change 3-D  structure as ligand docks 

◦ Most receptors are sites for natural ligands 

◦ Small portion or surface of a macromolecule 
 Includes:  Enzymes, components of cell membranes, intracellular 

protein or nucleic acid, antibodies, DNA, RNA 

◦ Ligand - Receptor docking  structure changes 

◦ Changes “function”   

 



Receptor 

 Receptor - soluble molecule 

◦ Isolated and purified when “overexpressed”  

◦ Gene inserted into microorganism  

 Overproduces protein  

 Membrane bound receptor molecules – much more difficult 

◦ “Overexpression” can result in a large number of copies 

◦ Membrane is then broken into pieces (ie Ultrasonication) 

◦ Affinity chromatography 

 Ligand covalently attached on a solid phase (Agarose) 

 Membrane fragment with the receptor binds the solid phase 

 Wash, wash, wash 

 Elute receptor off the solid phase with the natural ligand 

 



Affinity Chromatography 



Receptor 
 Membrane bound receptors 

◦ Receptors of membranes are primarily proteins 

◦ If the gene sequence is known:  site directed mutagenesis 

◦ Alter one or more amino acids in the receptor 

◦ Has this changed the biological responses to a particular ligand? 

 

 How has altering the amino acid within the receptor 
altered the intramolecular forces that hold the ligand in 
the receptor? 

◦ Number of internal hydrogen bonds  amide bonds 

◦ Number of hydrophobic interactions 

◦ van der Waal’s forces 

◦ Ionic interactions  

 

 Small molecule interaction with a membrane receptor 

◦ Can result in a large change in protein conformations 

◦ Structural and physical properties of membrane changes 

 

 



Receptor Conformation 



Drug-Receptor Interactions 
 

Drugs can have two fates at the receptor site: 

1. Irreversible covalent bonding with the receptor active site 

 Active-site-directed irreversible inhibition  

 Anticancer agents such as the alkylating agents 

 Enzyme inhibitors such as MAOI tranylcyproamine 

 Antibacterial agents such as the beta-lactamase inhibitors 
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Augmentin® component - Potassium Clavulanate

Beta-lactamase OH

Occasionally called: suicide substrates 



Drug-Receptor Interactions 

2. Reversible drug-receptor complex  
 
 Most desirable 
 Drug can eventually be excreted 
◦ Requires rather weak receptor / drug interactions  

◦ When added together afford a stable interaction 
 Hydrogen bonds: 1 to 7 kcals---proteins and DNA 
 Ionic bonding: 5 to 10 kcals 
 Ion-dipoles bonds:1 to 7 kcals 
 Dipole-dipole bonds: 1 to 7 kcal 
 Van der walls: 0.5 to 1 kcal 
 Hydrophobic bonding:1 kcal 

 

◦ If a molecule has each of these interactions: 9.5 to 33 kcal 

◦ Covalent bonds can range from 40-140 kcal 



Drug-Receptor Interactions 

 Agonists or stimulants  
◦ Initiate a desired response  

◦ Intrinsic activity 

 

 Antagonist 

◦ Decrease/prevent the response 

 

 Response - function of number 
occupied receptors 

 

 
 



Drug-Receptor Interactions 

 Three Dimensional characteristics 

◦ Size 

◦ Sterochemical orientation 

◦ physical- and electrochemical properties  

 
 



Drug-Receptor Interactions 

Dose response curves 

Reveal the affinity and effective concentration of a series of 

drug analogs 

 

 

 

 



Log [Drug] 

SATURATION CURVE 



Law of Mass Action 

When a drug (D) combines with a receptor (R), it 
does so at a rate which is dependent on the 
concentration of the drug and the concentration of 
the receptor. 
 

 

                          
D = drug 

R = receptor,  

DR = drug-receptor complex 

k1 = rate for association and  

k2 = rate for dissociation. 

KD = Dissociation Constant 

KA = Association Constant 

   

                                 k1 

           [D] + [R]           [DR] 

                      k2 

 

k2    =    KD    =         [D][R]     

 k1        [DR] 

 

            1         = KA   =  k1      =   [DR]  

            KD  k2     [D] [R] 



SATURATION CURVE 
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[Drug] nM 

RT = Bmax 

RT = Total number of receptors  

Bmax = Maximal number of receptors Bound 

k2    =    KD    =   [D][R]     

k1                         [DR] 

 

[DR] max 



TIME COURSE 
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Equilibrium 

KD = Equilibrium Dissociation Constant 

k2    =    KD    =   [D][R]     

k1                         [DR] 

 

[D] + [R]  = [DR] 
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SATURATION CURVE 

[Drug] nM 
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KD 

At equilibrium, the dissociation constant is KD and the affinity is K A = 1/KD  

Thus when [D] = KD , half the total number of receptors will be occupied. 



Drug-Receptor Theory 

 Occupancy Theory 

◦ Drug and receptor interact with each other 

◦ Complex  effects  Conformational changes 

 

 Drug’s structure  “affinity” 

 
 



Occupancy Theory 



Rate Theory 

 Agonist or stimulant activity is proportional to 

the rate of drug-receptor combination rather 

than the number of occupied receptors 

 Agonist activity is the result of a series of 

rapid association and dissociation of the drug 

and the receptor 

 An antagonist has a high association rate but a 

low rate of dissociation 

 

The number of drug-receptor interaction per unit 

time determines the intensity of the response 



Other Theories 
1. Induced-fit theory of enzyme-substrate interaction 

 Substrate or drug binding to the receptor induces 3 dimensional conformational 

changes in the macromolecule positioning catalytic groups in the correct position 

to conduct productive chemistry or altering membrane behavior (e.g. opens 

channels for calcium) 

 

2. Macromolecular perturbation theory 

      Small molecule binding produces in a macromolecule: 

1. Specific conformational perturbations (Agonist) 

2. Non-specific conformational perturbations (Antagonist) 

3.  An equilibrum mixture of specific and non-specific changes (partial agonist or antagonistic  

properties) 

 

Reality is most likely a mixture or blend of all these theories 

 

 



Agonists and Antagonists 

AGONIST 
 A drug is said to be an agonist when it binds to a receptor 

and causes a response or effect.   

  It has intrinsic activity = 1 
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Depolarization 



Agonists and Antagonists 

ANTAGONIST 
 A drug is said to be an antagonist when it binds to a 

receptor and prevents (blocks or inhibits) a natural 

compound or a drug to have an effect on the receptor.  An 

antagonist has NO activity.   

  Its intrinsic activity is = 0 

 

 



Agonists and Antagonists 

PHARMACOLOGICAL  ANTAGONISTS 

 
1. Competitive 

They compete for the binding site 
• Reversible 

• Irreversible 

 

2. Non-competitve 

 Bind elsewhere in the receptor (Channel Blockers). 

 

  



Agonists and Antagonists 

FUNCTIONAL  ANTAGONISTS 

 

1. Physiologic Antagonists 

 

2. Chemical Antagonist 

 

  



Agonists and Antagonists 

Physiologic ANTAGONIST 
 A drug that binds to a non-related receptor, producing an 

effect opposite to that produced by the drug of interest. 

 

 Its intrinsic activity is = 1, but on another receptor. 

Glucocorticoid Hormones     Blood Sugar 

Insulin              Blood Sugar 



Agonists and Antagonists 

Chemical ANTAGONIST 

 A chelator (sequester) of similar agent that interacts 
directly with the drug being antagonized to remove it or 
prevent it from binding its receptor. 

 

 A chemical antagonist does not depend on interaction 
with the agonist’s receptor (although such interaction may 
occur).  

Heparin, an anticoagulant, acidic 

If there is too much  bleeding and haemorrhaging 

Protamine sulfate is a base.  It forms a stable 

inactive complex with heparin and inactivates it. 



Competition Binding 

Log [I] nM 

 

IC50 

Binding of Drug D  I = Competitor 



Competition Binding 

       RANK ORDER OF POTENCY: A > B > C > D 

Log [I] nM 

 

IC50 

A B C D 

Four drugs 



Drug Concentration 

SEMILOG DOSE-RESPONSE CURVE 
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Drug Concentration 

SEMILOG DOSE-RESPONSE CURVE 
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SEMILOG DOSE-RESPONSE CURVE 

POTENCY 
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Maximal Effect 
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SEMILOG DOSE-RESPONSE CURVE 

       RANK ORDER OF POTENCY: A > B > C > D 

A B C D 

Log [Dose] 



SEMILOG DOSE-RESPONSE CURVE 

RANK ORDER OF POTENCY: A > B > C > D 

RANK ORDER OF EFFICACY: A = C > B > D 

A 
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ED50 



Agonists and Antagonists 

PARTIAL AGONIST 

 A drug is said to be a partial agonist when it binds 
to a receptor and causes a partial response. 

 It has intrinsic activity < 1. 

 



Agonists and Antagonists 

1. COMPETITIVE ANTAGONIST 

 Reversible & Surmountable 

 The effect of a reversible antagonist can be 
overcome by more drug (agonist).  A small dose of 
the antagonist (inhibitor) will compete with a 

fraction of the 

receptors thus, 

the higher the 

concentration of 

antagonist used, 

the more drug 

you need to get 

the same effect. 



Agonists and Antagonists 

 

RECEPTOR RESERVE OR SPARE RECEPTORS. 

 Maximal effect does not require occupation of all 

receptors by agonist. 

 Low concentrations of competitive irreversible 

antagonists may bind to receptors and a maximal 

response can still be achieved. 

 The actual number of receptors may exceed the 

number of effector molecules available. 

 

 



Agonists and Antagonists 

1. COMPETITIVE ANTAGONIST 

 Irreversible & Non-surmountable 

 The effect of irreversible antagonists cannot be 
overcome by more drug (agonist).  The antagonist 
inactivates the receptors. 



THANK YOU 


