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Lecture 1.2 

Drug targets  

- Drugs can be anything from neurotransmitters to hormones, toxins etc. etc.  

- “drugs don’t work unless they bind to something”, common things that drugs bind to 

are ion channels, carrier molecules, enzymes, and/or cell receptors. All of these 

molecules are proteins/consist of proteins. Once bound to the protein the drug must 

also have an effect, a lot of times drugs may bind to a drug and do nothing this is 

useless.  

- Exception to the protein rule is that some drugs bind to DNA to affect gene 

transcription.  

Ion channels: 

These allow the passage of ions in and out of the cell. Drugs that act on these work by 

blocking or modulating the channel opening e.g. Nifedipine blocks Ca2+ channels which 

reduces blood vessel constriction, and thus blood pressure.  

Carrier molecules: 

These are the transporters often found in lipid membranes that transport lipophobic 

molecules across the membrane e.g. glucose and neurotransmitters need transporters 

to get into the cell, neurotransmitters are taken up to be reused. Drugs can be used to 

modulate specific carrier molecules to stop a certain molecule being taken up into the 

cell, this is often useful for increasing the action of neurotransmitters e.g. fluoxetine 

blocks serotonin re-uptake into nerves through carrier molecules which prolongs its 

action and helps depression. Cocaine affects the transporter proteins of dopamine, 

serotonin, and noradrenaline in a similar way.  

Enzymes: 

Enzymes catalyse the synthesis or breakdown of molecules, drugs can affect this by 

blocking the enzyme e.g. aspirin inhibits the enzyme cyclo-oxygenase that synthesises 

the mediators of pain and inflammation or by mimicking molecules that are catalysed 

into an active drug by the enzyme e.g. L-dopa uses dopa decarboxylase which 

synthesises it into dopamine to treat Parkinson’s disease. Another way to exploit 

enzymes with drugs is by using false substrates that hijack the pathway so that the 

normal process doesn't occur e.g. Fluorouracil replaces uracil as an intermediate of 

purine biosynthesis preventing DNA synthesis and thus cell division. Fluorouracil is used 

as an anti-cancer drug quite often.  
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Cell receptors: 

Receptors are the recognition sites for molecules and they are selective (i.e. at certain 

concentrations drugs will be selective with which receptors that they bind to). Common 

drugs that target receptors are the agonist morphine which activates opioid receptors, 

and the antagonist naloxone that blocks opioid receptors and can be used to treat 

heroin/opioid overdose.  

- A receptor is a biological macromolecule that binds another molecule and initiates or 

modulates signaling or effector activity within a cell. Receptors are located in the 

plasma membrane or inside the cell in the cytoplasm.  

- Ligands are neurotransmitters, hormones, drugs, or toxins (any molecule that binds to 

a binding site). If it activates a receptor it is an agonist, if it doesn’t activate the 

receptor it is an antagonist.  

- Receptors are named by the first discovered activator e.g. muscarinic receptors are 

activated by muscarine, and nicotinic receptors are activated by nicotine. They are 

also named for the hormone/neurotransmitter that activates them e.g. both muscarinic 

and nicotinic receptors are together known as acetylcholine receptors because they’re 

both activated by acetylcholine, adrenoreceptors are activated by adrenaline and 

noradrenaline, and angiotensin receptors are activated by angiotensin.  

Receptor classes: Muscarinic receptors and nicotinic receptors are separate classes of 

acetylcholine receptors, also alpha and beta adrenoreceptors are both classes of 

adrenoreceptors. There are then subclasses of adrenoreceptors such as alpha 1 (on 

smooth muscle, mostly blood vessels), alpha 2 (on nerve terminals, found 

presynaptically), beta 1 (on the heart they are dominant), and beta 2 (in smooth muscle, 

dominant in airways and found on some blood vessels) which are all adrenoreceptors (or 

adrenergic receptors). More selective agonists/antagonists act specifically on these 

subclasses of receptors.  

Types of receptors: 

Different types of receptors have different characteristics/mechanics, importantly with 

regard to speed (fastest to slowest). Some of them are ionotropic which means they’re 

involved in the movement of ions through ion channels, the agonist binds and directly 

regulates the opening of an ion channel through a conformational change (change in the 

shape of a macromolecule) e.g. nicotinic receptors located on skeletal muscle have the 

agonist acetylcholine which induces a change in the channel allowing the entry of Na+ 

which stimulates contraction.  Another broad type of receptors are metabotropic 

receptors which means the binding leads to intracellular events which produce effects 

indirectly.  

These are the four main types of receptors in terms of mechanics: 
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- Ligand gated ion channel receptors = these are the fastest receptors out there 

because they produce results in milliseconds, the ligand binds to the channel and a 

conformational change opens or closes it to alter the flow of ions.  

- G protein coupled receptors = the largest family of receptors that are also the most 

complex. They consist of 7 transmembrane segments, an extracellular binding site 

(that agonists bind to), and an intracellular segment that interacts with a particular G-

protein. The receptors are linked to a specific effector protein that is activated by the 

G-protein. The effector protein can be an ion channel or an enzyme (changing the 

activity of a second messenger that induces a cellular response). Some examples of 

G-proteins are: The Gs protein increases the activity of the enzyme adenylate cyclase 

which uses ATP to increase cellular levels of cAMP (the second messenger) thereby 

inducing a response. The Gi protein inhibits the activity of adenylate cyclase thereby 

reducing cellular cAMP. The Gq protein binds to phospholipase C and induces a 

number of different cellular effects. G-protein receptors are relatively fast and usually 

work in seconds.  

- Kinase linked receptors = receptors for certain cytokines and hormones that involve 

kinases either in the receptor, or in the cell ready to be recruited. Agonists bind to the 

ECF domain of a transmembrane protein (go across the whole membrane) which 

induces enzymatic activity inside the cell causing protein phosphorylation culminating 

in modulated gene transcription in the nucleus. This takes minutes to hours which is 

considerably longer than both ligand gated, and G-protein coupled receptors.  

- Nuclear receptors = these receptors are intracellular and are activated by lipophilic 

ligands e.g. steroids, sex hormones etc. Once activated the receptor may then 

regulate gene transcription by translocating into the nucleus to induce or repress 

genes. It has a slow onset close to hours, however the effects last for days because 

there is a slow protein turnover e.g. glucocorticoid receptor (agonists are 

glucocorticoids) activation inhibits the synthesis of the enzyme cyclo-oxygenase 

reducing the amount of pain and inflammation mediatory products. Glucocorticoids are 

used to repress inflammation over the long term.  

Signal amplification: 

As pharmacologists we can use low concentrations of a drug to produce a good effect by 

choosing single agonist-receptor complexes that activate numerous G-proteins. In turn 

the G-protein can remain associated long enough to produce many second messengers, 

another opportunity for amplification occurs post 2nd messenger before the cellular 

response occurs.  


