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G protein-coupled receptors

• Receptors on the inner face of the plasma membrane 
regulate or facilitate effector proteins through a group 
of guanosine triphosphate (GTP) proteins known as G 
proteins. 

• Some hormones peptide receptors and neurotransmitter 
receptors (e.g., adrenergic and muscarinic receptors 
depend on the G proteins) mediate their action on cells.

Thosereceptorsencompass manydrugs used in the market

asympatheticnervoussystem isparasympathetic

so thosereceptors exist
all over ourbody



as we see thosereceptors

f
are coupledwith3subunits
X B Y

activationof subunitoccursthrough conversion of GDP into Gtp
BY
v

esalting in dissociation of the Xsubunitfrom thecomplex Eachone ofthesubunits
canmakeitsownactivation pathwaywhichamplifiesthesignal that'swhythey're

abiggroupofdrugtarget



Enzyme-linked receptors

• Binding of the ligand to the extra cellular domain 
activates or inhibits the related cytosolic enzyme.  

• The most common are the receptors that have a tyrosine 
kinase activity as part of their structure, in which the 
binding results in the phosphorylation of tyrosine 
residues of specific protein.    

• The addition of phosphate group can modify the three-
dimensional structure of the target protein, and so 
resulting in molecular switch.  

Theycontain a catalyticdomain so apartofthereceptor is abletoproduce an enzymat
activity ex kinases
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Insulin
receptor

it's coupled to
a tyrosinekinase

enzyme
responsible

forphosphorylation
So it'sgoingtophosphoryla
anotherproteinorsometime
itphosphorylatesitself
resulting in theactivation
of furthersignaling
mechanism



Intercellular receptors

• In this family the ligand must diffuse into the cell to 
interact with the receptors.  

• Therefore the ligand must have sufficient lipid 
solubilities to be able to move across the target cell 
membranes.  

• The best example being the steroids hormones. In which 
the activated ligand-receptor complex migrate to the 
nucleus, where it bind to a specific DNA sequences, 
resulting in regulation of the gene expression.  

intra

MN

t
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t haslipid
usedstructure
so it'sgoing
to crossthemembrane Intracellular itsactivationresultin translocation

That'swhythosereceptors d
tothenucleus

usuallyfollowthe

familyof transcriptionfactors
becausetheybind toDNAandforexamplesteroidhormones affectthetranscriptionofgenesbyincreasethebuildup of the eitherincreasing ordecreasing itmusclemassbyincreasingtheexpression of certainproteins



HOW DO DRUGS WORK?

• Some antagonize, block or inhibit endogenous proteins 

• Some activate endogenous proteins 

• A few have unconventional mechanisms of action

Most work by interacting with 
endogenous proteins:

I

enzymes receptorsp sa
y

usuallyusedforenzymes

vintolin forasthma



we alreadyknow thatproteins receptors enzymes have ligands

hormones neurotransmitters thatbind tothemcausingactivation

of thoseproteins togive a particularresponse ex adrenalinecausing

relaxation of bronchiwhen binding to B2 adrenergicreceptor

So I want to utilize thatprotein tomake adrug thatwill
either

activate thatprotein ex asthma treatment

block or inhibit theactivation of thatprotein ex tachycardia
treatmentthat will inhibittheactivationof B adrenergicreceptor

bypreventing
adrenalinefrombinding toBy

pharmacologically an antagonist is adrugthat'sgonna
bind to

the receptorandpreventtheagonistfrombinding



HOW DO DRUGS ANTAGONIZE, BLOCK OR INHIBIT 
ENDOGENOUS PROTEINS?

• Antagonists of Cell Surface Receptors 

• Antagonists of Nuclear Receptors 

• Enzyme Inhibitors 

• Ion Channel Blockers 

• Transport Inhibitors 

•Inhibitors of Signal Transduction Proteins



A receptor that is embedded in the cell membrane and functions 
to receive chemical information from the extracellular  
compartment and to transmit that information to  
the intracellular compartment. 

Definition of CELL SURFACE RECEPTOR:



HOW DO DRUGS WORK BY  
ANTAGONIZING CELL SURFACE RECEPTORS?   
KEY CONCEPTS:

• Cell surface receptors exist to transmit chemical signals from  
the outside to the inside of the cell. 

• Some compounds bind to cell surface receptors, yet do not  
activate the receptors to trigger a response. 

• When cell surface receptors bind the molecule, 
the endogenous chemical cannot bind to the  
receptor and cannot trigger a response. 

• The compound is said to “antagonize” or “block” the receptor  
and is referred to as a receptor antagonist.

gon
ist

ex B blocker



HOW DO DRUGS WORK BY ANTAGONIZING  
CELL SURFACE RECEPTORS?

Cell Membrane

Unbound Endogenous Activator (Agonist) of Receptor

Inactive Cell Surface Receptor

Extracellular  
Compartment

Intracellular  
Compartment

adrenalinetryingto increase
theheartrate

By adrenergicreceptor



HOW DO DRUGS WORK BY ANTAGONIZING  
CELL SURFACE RECEPTORS?

Cell Membrane

Bound Endogenous Activator (Agonist) of Receptor

Active Cell Surface Receptor

Extracellular  
Compartment

Intracellular  
Compartment

Cellular Response increasing heartrate



HOW DO DRUGS WORK BY ANTAGONIZING  
CELL SURFACE RECEPTORS?

Cell Membrane

Inactive Cell Surface Receptor Upon being Bound

Extracellular  
Compartment

Intracellular  
Compartment

Bound Antagonist of Receptor (Drug) BBlocker

Thisantagonist issupposedtobindtothe
receptorkickingouttheadrenaline

becausethereceptor isnowunabletogive
aresponse

heartrate stayconstant
theydecreasethealready theywon'tproduceanewresponselikedecreasingincreased rate so

zero on thatreceptor
heartrate theyjustpreventacertainresponsetheneteffectofthemis



Footnote:  

Most antagonists attach to binding site on receptor for  
endogenous agonist and sterically prevent  
endogenous agonist from binding.  
If binding is reversible - Competitive antagonists 
If binding is irreversible - Noncompetitive antagonists 
   
However, antagonists may bind to remote site on receptor and  
cause allosteric effects that displace endogenous agonist  
or prevent endogenous agonist from  
activating receptor. (Noncompetitive antagonists)

HOW DO DRUGS WORK BY ANTAGONIZING  
CELL SURFACE RECEPTORS?

occupyingitsspace

pthroughcovalentbonds mthe
effectstaysforlonger

high the ligandconcentrationgets it won'tbeable to kick thedrugout

if thedurationofbinding isshort itgivestheoriginal ligandthechanceto rebind
its receptordepending on the concentrations ofboththeantagonistandthe ligand
it alsodepends on theaffinityof them so it'scompetitive



HOW DO DRUGS WORK BY ANTAGONIZING  
CELL SURFACE RECEPTORS?

Cell Membrane

Displaced Endogenous Activator (Agonist) of Receptor

Inactive Receptor

Extracellular  
Compartment

Intracellular  
Compartment

Bound Antagonist of Receptor

Allosteric Inhibitor

Active Receptor

y

itdoesn'tlooklike
in thiscasetheallostericinhibitorbids

fit into thebindingsite

o anothersiteandcauses a conformational
changetothereceptorpreventingthelingand theligand so itwon't
rom binding non competitive



Drug Receptor Interactions

Sep-17

31

ng

poriginalbindingsitefor
agonist

sameshapeof
theagnositbinding
site



ARE DRUGS THAT ANTAGONIZE CELL 
SURFACE RECEPTORS CLINICALLY 
USEFUL?

• Angiotensin Receptor Blockers (ARBs) for high blood pressure,  
heart failure, chronic renal insufficiency 
(losartan [Cozaar®]; valsartan [Diovan®])

Some important examples:

• Beta-Adrenoceptor Blockers for angina, myocardial infarction,  
heart failure, high blood pressure, performance anxiety 
(propranolol [Inderal®]; atenolol [Tenormin®])

Don'tmemorize drugsnames
Justread theexamplesand
atleast know thepurpose
ofeachreceptors



HOW DO DRUGS ANTAGONIZE, BLOCK OR INHIBIT 
ENDOGENOUS PROTEINS?

• Antagonists of Cell Surface Receptors 

• Antagonists of Nuclear Receptors 

• Enzyme Inhibitors 

• Ion Channel Blockers 

• Transport Inhibitors 

•Inhibitors of Signal Transduction Proteins



ARE DRUGS THAT ANTAGONIZE NUCLEAR 
RECEPTORS CLINICALLY USEFUL?

• Mineralocorticoid Receptor Antagonists for edema due to 
liver cirrhosis and for heart failure 
(spironolactone [Aldactone®])

Some important examples:

• Estrogen Receptor Antagonists for  the prevention and 
treatment of breast cancer (tamoxifen [Nolvadex®])

readonly



HOW DO DRUGS ANTAGONIZE, BLOCK OR INHIBIT 
ENDOGENOUS PROTEINS?

• Antagonists of Cell Surface Receptors 

• Antagonists of Nuclear Receptors 

• Enzyme Inhibitors 

• Ion Channel Blockers 

• Transport Inhibitors 

•Inhibitors of Signal Transduction Proteins



HOW DO DRUGS WORK BY INHIBITING ENZYMES?

Active Enzyme

Substrate Product

Cellular Function
Inactive Enzyme

Substrate

Bound Enzyme  
Inhibitor (Drug)

Cox

prostaglandins

Arachidonic

aspirininthisexample



HOW DO DRUGS WORK BY  
INHIBITING ENZYMES? 
KEY CONCEPTS:

• Enzymes catalyze the biosynthesis of products from substrates. 

• Some drugs bind to enzymes and inhibit enzymatic activity. 

• Loss of product due to enzyme inhibition mediates the 
effects of enzyme inhibitors.



ARE DRUGS THAT INHIBIT ENZYMES 
CLINICALLY USEFUL?

• Cyclooxygenase Inhibitors for pain relief, 
particularly due to arthritis (aspirin; ibuprofen [Motrin®])

Some important examples:

• Angiotensin Converting Enzyme (ACE) Inhibitors for  
high blood pressure, heart failure, and  
chronic renal insufficiency 
(captopril [Capoten®]; ramipril [Altace®])

• HMG-CoA Reductase Inhibitors for hypercholesterolemia 
(atorvastatin [Lipitor®]; pravastatin [Pravachol®])

readonly
in É vDo a
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HOW DO DRUGS ANTAGONIZE, BLOCK OR INHIBIT 
ENDOGENOUS PROTEINS?

• Antagonists of Cell Surface Receptors 

• Antagonists of Nuclear Receptors 

• Enzyme Inhibitors 

• Ion Channel Blockers 

• Transport Inhibitors 

•Inhibitors of Signal Transduction Proteins

cat channel blockerformuscle
Conctraction



ARE DRUGS THAT BLOCK ION 
CHANNELS CLINICALLY USEFUL?

• Calcium Channel Blockers (CCBs) for angina and high blood 
pressure 
(amlodipine [Norvasc®]; diltiazem [Cardizem®])

Some important examples:

• Sodium Channel Blockers to suppress cardiac 
arrhythmias 
(lidocaine [Xylocaine®]; amiodarone [Cordarone®])



HOW DO DRUGS ANTAGONIZE, BLOCK OR INHIBIT 
ENDOGENOUS PROTEINS?

• Antagonists of Cell Surface Receptors 

• Antagonists of Nuclear Receptors 

• Enzyme Inhibitors 

• Ion Channel Blockers 

• Transport Inhibitors 

•Inhibitors of Signal Transduction Proteins



ARE DRUGS THAT INHIBIT TRANSPORTERS 
CLINICALLY USEFUL?

• Selective Serotonin Reuptake Inhibitors (SSRIs) for the 
treatment of depression  
(fluoxetine [Prozac®]; fluvoxamine [Luvox®])

Some important examples:

• Inhibitors of Na-2Cl-K Symporter (Loop Diuretics) in 
renal epithelial cells to increase urine and sodium  
output for the treatment of edema  
(furosemide [Lasix®]; bumetanide [Bumex®])

p
Blockthereuptakeofthishormone90 tomakeyouhappy



HOW DO DRUGS ANTAGONIZE, BLOCK OR INHIBIT 
ENDOGENOUS PROTEINS?

• Antagonists of Cell Surface Receptors 

• Antagonists of Nuclear Receptors 

• Enzyme Inhibitors 

• Ion Channel Blockers 

• Transport Inhibitors 

•Inhibitors of Signal Transduction Proteins



• Tyrosine Kinase Inhibitors for chronic myelocytic leukemia 
(imatinib [Gleevec®])

Some important examples:

• Type 5 Phosphodiesterase Inhibitors for erectile dysfunction 
(sildenafil [Viagra®])

• This is a major focus of drug development 

ARE DRUGS THAT INHIBIT SIGNAL  
TRANSDUCTION PROTEINS 
CLINICALLY USEFUL?

p canbe
involved incertaincancers



HOW DO DRUGS WORK BY ACTIVATING  
ENDOGENOUS PROTEINS?

• Agonists of Cell Surface Receptors 
(e.g. alpha-agonists, morphine agonists) 

• Agonists of Nuclear Receptors 
(e.g. HRT for menopause, steroids for inflammation) 

• Enzyme Activators 
(e.g. nitroglycerine (guanylyl cyclase), pralidoxime) 

• Ion Channel Openers 
(e.g. minoxidil (K) and alprazolam (Cl))

painkiller itbindsto areceptorinthebrainandcause astrongereffectthan
theendogenousligand



HOW DO CHEMICALS WORK BY ACTIVATING  
CELL SURFACE RECEPTORS? 
KEY CONCEPTS:

•Cell surface receptors exist to transmit chemical signals from  
the outside to the inside of the cell. 

• Some chemicals bind to cell surface receptors and  
trigger a response. 

• Chemicals in this group are called receptor agonists. 

• Some agonists are actually the endogenous chemical signal, 
whereas other agonists mimic endogenous chemical signals.

meaning that Icouldgiveadrenaline an endogenousligand as adrug

or I couldgive a drug that mimics adrenaline



HOW DO CHEMICALS WORK BY  
UNCONVENTIONAL MECHANISMS OF ACTION?

•Disrupting of Structural Proteins  
e.g. vinca alkaloids for cancer, colchicine for gout 

• Being Enzymes 
e.g. streptokinase for thrombolysis 

• Covalently Linking to Macromolecules 
e.g. cyclophosphamide for cancer 

• Reacting Chemically with Small Molecules 
e.g. antacids for increased acidity 

• Binding Free Molecules or Atoms 
e.g. drugs for heavy metal poisoning, infliximab (anti-TNF)



Distrupting of structural proteins

examples are vialoids and colchicine
These are twodifferentdrugs for two different

diseases

whichhappentohave somewhat thesamemechanism of
action

sincethey targetTubuling theyprevent its
polymerization

Tubulin is acytoskeletonprotein
that is responsiblefor separation

of chromosomes during cell division Basically
polymerization

of tubulin result in microtubuleswhich in turn will makemitotic

spindles which are responsibleforseparating chromosomes

preventingpolymerization oftubulin

preventing formation of microtubules

prevents cell division

Treatment of cancer v inca alkaloids

Gout is an inflammatorydisease to helpdecreasetheinflammatory

response we preventtheformation of microtubules bypreventing
polymerization of tubulin Note thatmicrotubulesmediatethemovement

f macrophages tothe site ofaction so by blocking microtables we
arevent theaction of macrophages decreasestheinflammatorysymptoms

which
colchicine



Beingenzymes

Ireptokinaselanenzyme present
in bacteria itworks on

lysing blood clot By
recombinant DNA technology we can

generate this drugand use it in some emergency
situations

ofclottingdisorders

Covalently linking to
macromolecules

A lot of cancerdrugs workbyinterfering
with DNA

like cyclophosphamide

Reacting chemically withsmall
molecules

In case of heartburn highacid secretions we can control it

by taking abase antiacid So we'regonnahave a
chemical reaction

between anacid andabase



HOW DO DRUGS WORK BY UNCONVENTIONAL  
MECHANISMS OF ACTION (Continued)?

•Being Nutrients 
e.g. vitamins, minerals 

• Exerting Actions Due to Physical Properties 
e.g. mannitol (osmotic diuretic), laxatives 

• Working Via an Antisense Action 
e.g. fomivirsen for CMV retininitis in AIDS 

• Being Antigens  
e.g. vaccines 

•Having Unknown Mechanisms of Action 
e.g. general anesthetics

calcuim supplements forexamplesupply
us with things weneed orcan'tsynthesize

theyjustworkbybeingbulkforming
compounds thatwill stimulatetheintestinetocontract

stimulateimmuneresponsetoprovideprotectionfromcertainconditions

theyhavebeen
used for hundredofyears but

wedon'tknowtheirmechanismofwork yet



Orphan receptors

By gene sequencing we
recognized a lot of receptors that we

haven't

Identify theiractivatingligandyet
Those are calledorphan

receptors


