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Rational Drug Design
lecture 9

Łukasz Berlicki

Drug Molecular targets
 G-protein coupled receptors (GPCR) are one of the main 

classes of molecular targets.
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Drugs
 Approx. 30 GPCR is the drug targets,

 About 240 GPCRs with specific ligands and 160 GPCRs 
without specific ligands (orphan receptors) are known.

 Approx. 25% of the top 100 block busters are GPCR ligands.

 Drugs that are GPCR ligands are used in a very wide spectrum 
of diseases, among others: allergies, mental illness, 
hypertension, cancer, asthma, pain.

Structure of GPCR 
 The structure of all GPCRs is similar: 7 

transmembrane helices, C-terminus 
inside, N-terminus outside.
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Endogenous ligands
 Biogenic amines: adrenaline, dopamine, histamine, 

acetylcholine, noradrenaline, serotonin, melatonin

 Peptides and proteins: angiotensin, bradykinin, bombesin, 
calcitonin, chemokines, growth hormone, enkephalins and 
endomorphins, neuropeptideY, somatostatin, vasopressin and 
others.

 Lipid compounds: anandamide, leukotrienes, prostaglandins, 
thromboxanes,

 Nucleotides and purines: adenosine, cAMP, ATP, UTP, ADP, 
UDP

 Amino acids and ions: glutamate, GABA, Ca2+.

Ligand binding mode
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The action of ligands
 An agonist - a ligand that binds to the receptor causing a pharmacological 

response (full or partial),

 Inverse agonist - a ligand that responds to an endogenous ligand,

 Antagonist - a ligand that competes with the endogenous ligand and reduces 
the pharmacological response.
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The action of GPCR

GPCR

 GPCRs are involved in many important physiological 
processes:
 vision,
 feeling of taste and smell,
 regulation of behavior and mood,
 regulation of immune system activity and reaction to 

inflammation,
 transmission of signals in the autonomic nervous system,
 regulation of homeostasis (eg water balance),
 growth and metastasis of some types of cancer.
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Drugs – ligands of GPCR

Claritin, allergy Zyprexa, schizophrenia

Cozaar, 
hypertension

Risperdal
psychosis

Leuplin
cancer

Neurotin
pain

Allegra
allergy

Imigran
migreine

Serevent
asthma

Plavix, stroke

Zontac, ulcers

Singulair, asthma

Pepcidine, ulcers Cardura, hypertension

Structure of GPCR
 Structural studies of GPCR are 

difficult because it is a 
transmembrane protein.

 The first GPCR - rhodopsin 
structure was published in 2000.

 The Nobel Prize in chemistry in 
2012 was awarded for research 
on the GPCR: Robert Lefkowitz
and Brian Kolibka.

K. Palczewski, T. Kumasaka, T. Hori, C. A. 
Behnke, H. Motoshima, B. A. Fox, I. Le 
Trong, D. C. Teller, T. Okada, R. E. 
Stenkamp, M. Yamamoto, M. Miyano, 
Science 2000, 289, 739 
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Ligand-based drug design
 Due to the very limited knowledge of the GPCR structure, 

drug design is based mainly on ligand structures (ligand based 
drug design).

 A good starting point are endogenous ligands.

 The study of the structure-activity dependency relationship is 
crucial (structure-activity relationships, SAR).

 The model of an endogenous ligand or its analog may be the 
basis for searching for other structures by applying 
pharmacophores.

 dynamics
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Ligand binding mode
 The ligand binding mode can be 

tested by site-directed mutagenesis.

Ligand binding mode
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Privileged structures

 Privileged structures are structural fragments that can be 
the basis for designing and obtaining ligands for various 
receptors.

 Various modifications of such structures can be an 
important method for the search for new receptor 
ligands (agonists and antagonists).

 The existence of privileged structures results from the 
structural similarity of some elements of the GPCR.

Privileged structures

Antagonist
angiotensin II receptor

antagonist
endotelin-A receptor

antagonist
histamine H1 receptor

antagonist
Neurokinine receptor

antagonist
CCR2 receptor

antagonist
Dopamine receptor

antagonist
andenozyne A1 receptor

antagonist
andenosine A3 receptor
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Privileged structures

antagonist, D2 receptor agonist
D2 receptor 

antagonist
D3 receptor 

antagonist
D4 receptor

agonist, 5-HT1 receptor Antagonist
5-HT2 receptor 

Antagonist
5-HT2 receptor Antagonist

5-HT3 receptor 
Antagonist

histamine receptor 

Antagonist
receptor a Antagonist

receptor a
Antagonist

sigma receptor 

Antagonist
Substance P receptor 

 film
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Somatostatin
 Somatostatin - a peptide hormone

 Secretion:
 digestive system
 brain

 Action:
 Inhibition of secretion

growth hormone,
 Inhibition of TSH secretion,
 Inhibition of insulin secretion,
 Inhibition of hormone secretion

gastrointestinal
 It reduces the rate of emptying the digestive system.

Drugs
 Somatostatin receptor agonists can be medicines for:

 Acromegaly (excessive secretion of growth hormone due to 
pituitary adenoma)

 Carcinoid syndrome (hormonally active cancer)
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Drugs

Somatostatin
t ½ = ok. 2-3 min

Octreotide
t ½ = ok. 90 min

Drugs

Somatostatin
t ½ = ok. 2-3 min

Lanreotide
t ½ = ok. 90 min
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Somatostatin and analogs

Somatostatin
 The cyclic hexapeptide with the Tyr-D-Trp-Lys motif was used 

to search the base of compounds to find a compound of 
similar structure

Ki = 100 nM
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Somatostatin
 The use of combinatorial chemistry to find selective 

antagonists of somatostatin receptors

20 diamine substituents
20 Trp derivatives
79 aromatic derivatives
=
130 000 compounds

Ki = 0.05 nM

Combinatorial chemistry
 By testing mixtures of many compounds, a large number of 

analogs can be quickly screened.

 Testing smaller and smaller

groups of compounds allows you 

to find the most active one.
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Somatostatin
 Optimization of the ligand structure

Somatostatin
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Urotensin II
 Urotensin II regulates the 

work of the cardiovascular 
system.

 The urotensin II receptor is 
a potential target for drugs 
against cardiovascular 
disease.

Urotensin II
 The alanine scan and 

the study of short 
peptides allow to find 
the motif responsible 
for activity.

 The key motive is

Trp-Lys-Tyr.



17

Urotensin II
 Peptide conformation 

allows the 
determination of 
formacophore.

Urotensin II
 Searching the database of compounds and establishing the 3D 

similarity gives a chance to find an active antagonist
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Neuropeptide Y and analogs
 NeuropeptideY (NPY), pancreatic polypeptide (pp) and polypeptideY 

(PPY) are peptide hormones secreted from the brain and autonomic
nervous system that act on Y receptors.

Neuropeptide Y and analogs
 Interaction with various Y receptors (Y1-Y5) controls various functions.

NPY and 
analogs

receptor Y1:
• vasoconstriction;
• control of anxiety;
• food intake;

receptor Y2:
• secretion of 
neurotransmitters;
• memory;
• epilepsy;

receptor Y4:
• heart functions;
• regulation of the digestive 
system;
• emotional and stress 
behavior;

Receptor Y5:
• food intake;
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Y receptor ligands as drugs

 The agonists of the Y1 and Y5 receptors cause increased
food intake, and the Y2 and Y4 receptor agonists reduce
food intake.

 Y1 and Y5 antagonists or Y2 and Y4 agonists can be 
effective obesity lacunae.

 The development of selective ligands is necessary.

Neuropeptide Y and analogs

 The structure of NPY and PP is similar - unordered N-
terminus and helical C-terminus

pNPY bPP 

A B 
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Neuropeptide Y – alanine scan

Neuropeptide Y
 The C-terminal NPY fragment retains significant biological 

activity
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Neuropeptide Y
 Simple modifications 

(dimerization, substitution) of 
short peptides can increase 
selectivity.

Neuropeptide Y
 The stiffening of the peptide structure increases its selectivity.

8
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Neuropeptide Y
 Non-peptide ligands based on the C-terminal NPY fragment

Asn-Leu-Ile-Thr-Arg-Asn-Arg-Tyr-NH2

Neuropeptide Y
 A mode for binding a non-peptide BIBP3226 antagonist to 

a receptor
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Neuropeptide Y
 Other non-peptide Y receptor ligands

Neuropeptide Y
 Y1 receptors are 

overexpressing in breast 
cancer.

 The combination of NPY 
with an isotopic marker 
allows tumor imaging.

NPY
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Summary

 G-protein-coupled receptor ligands are an important 
class of drugs because these receptors control many 
important processes.

 The design of GPCR agonists and antagonists is based 
mainly on the structure of ligands.


