RECEPTORS: TARGETS FOR DRUG ACTION (PH 4)



Dr. Shnaar

I. Receptor Attributes






       Signals
-Discrimination (selectivity)                                                                       
        Hormones, NT, Drugs, Toxins

-Sensitivity (affinity)  Affinity is for binding whereas efficacy is for effect
-Amplification !!

-Sensitivity is regulated through affinity, (need higher dosages for [effective] if low affinity

Example: Insulin Effective dose = 10-9


Ach Receptor Affinity = 10-4
II. The Occupancy Theory

= The biological effect (E) is proportional to the concentration of the receptor ligand complex [RL]
R + L ↔ RL ↔ RL (  ( E

                     (RL represents conformational ∆ upon ligand binding leading to the effect)
III. Receptor Analysis: Bioassay and Ligand Binding

Effect of Drug hormone or other ligand depends on   1) [Ligand] in vicinity of receptor







       2) [Receptor]







       3) Affinity btw L and R







       4) Nature of post-binding cellular response (bio effect)

-Quantitiave receptor studies  determine the biological effect, binding constant (affinity)  and [R] on target

Bioassay: Analysis of Agonist Action

[Lt] varies and E is measured to reveal ligand class and binding constant

γ  = [RL] / [Rt]  = E/Emax = [L] / (Kd + [L])


γ = occupancy (% receptors w/ligand bound







Kd = equilibrium dissociation constant
Note: Above relationships holds  IF occupancy theory holds, there is 1 class of R and each R acts independently
1) Measure E (y-axis) at each [L] and plot



Linear Scale: Curve = classical rectangular hyperbola



[L] on X axis on log scale = Log Dose Response Curve (sigmoidal)
2) Kd estimated by noting ED50 = dosage causing 50% max effect  (note this is where [L] = Kd]



**** ↓ Kd, ↑ Potency*** (left shift)

Ligand Classes

-Inhibition occurs when two ligands bind competitively to the same receptor (they don’t interact w.each other)

-Bioolical effect determined by # of R bound to each ligand, determined by [L] and respective binding constants

1) Agonists:

R+ L ↔ RL (  E     (full effect)

2)Antagonist:     
R + I ↔ RI //
         (no effect)   to reduce block agonists

3) Partial Agonist:
R + P ↔ RP (  E/x    (x>1, partial effect)

Ligand on unstimulated systems
(p 4)


Ligand on system half max stimulated by agonist

Quantitative Analysis of ANTAGONIST action (COMPETIVE INHIBITION)

-RL and RI interactions are independent equilibrium

-I binding to R reduces free [R] available to bind w/L thus decreasing [RL] and Effect

1) Keep [L] constant and vary [I], measure E as % of E without inhibitor 


Linear Scale ( inverted rectangular hyperbola


LOG DOSE INHIBITION CURVE = [I] on x-axis on log scale, %E on y-axis

2) Ki (eq diss. Constant for I binding R) estimated by noting IC50 or dose causing half max inhibition


**↓ Ki ↑ Potency** Left Shift

Ligand Binding

Direct Measurement: Use labeled ligands

Experimental: Vary [Lt] measure [RL] and [Lfree] to get Kd (equilibrium dissociation constant) ad [Rt]



[RL] = [Rt] x [L]  /  (Kd + [L])

Plot [RL] vs [L] on linear scale, usually rectangular hyperbola

Scatchard plot ( [RL/[L] vs [RL] ) on linear scale
x-intercept = Rt

Slope = (-1/Kd)

Steeper Slope = ↓Kd  and ↑ affinity

Note: Radioligand binding INHIBITRION used to determine eq diss constants of drugs reported as K1 vallues but this cannot distinguish the biological effect of the inhibitor. 

        Bioassay must be used to determine if the drug is an agonist, antagonist, or partial agonist

IV. Receptor Families
-Each receptor has distinct popylpeptide domains w/structural similarities among family members

-Ligand-binding domains and effector domains are linked so ligand binding influences effecter actions

-Multiple subtypes of receptors exist for ligands and may exert different effects 



( tissue-specific or developmental patterns

SEE EXAMPLES ON PAGE 8-10
