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Learning objectives

* The role of receptors and why they are good
drug targets

* Types of receptors
— Ligand-gated ion channels
— G-protein coupled receptors
— Kinase-linked receptors
— Nuclear receptors
 How drugs interact with receptors

— agonism, antagonism



What are receptors? How do they work?
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l Signal

Messenger

T

Receptor \
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Communication between nerves
and cells

Nerves in CNS send messages to
target cells

Cells of one tissue send messages
to other cells

Chemical messenger =
neurotransmitter or hormone



Typical neurotransmitters

 Cover gap between nerve and cell

* Structures vary
— lons
— Lipids, purines, peptides

— Monoamines, amino acids
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(a) Specificity
Signal molecule fits
binding site on its
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(b) Amplification
When enzymes activate
enzymes, the number of
affected molecules
increases geometrically
in an enzyme cascade.
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complementary receptor;
other signals do not fit.
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Type Example Synthetic path Mode of action
Peptide Insulin, glucagon Proteolytic processing of |
prohormone
Catecholamine  Epinephrine From tyrosine Plasma membrane receptors; second messengers
Eicosanoid PGE, From arachidonate
(20:4 fatty acid)
Steroid Testosterone From cholesterol
Vita!mip D 1,2§—Qihydroxycholecalciferol From chole;terol Nuclear receptors; transcriptional regulation
Retinoid Retinoic acid From vitamin A
Thyroid Triiodothyronine (Tj) From Tyr in thyroglobulin
Nitric oxide Nitric oxide From arginine + O, Cytosolic receptor (guanylate cyclase) and

second messenger (CGMP)
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Type 1: ligand-gated ion channels

1. Ligand-gated ion
channels
(ionotropic receptors)

lons

R : J
Y
Hyperpolarisation
or
depolarisation

Y
Cellular effects

Time scale
Milliseconds

Examples
Nicotinic
ACh receptor



Ligand-gated ion channels

Ligand-gated ion channels = “ionotropic receptors”
Respond within milliseconds

Membrane proteins :

— made of several subunits

— structure similar to other ion channels

— incorporating ligand-binding site = receptor

Examples:
— nicotinic acetycholine

receptor :gZKL’."gl,ed N | swangdaen
— GABA, receptor (ht‘.) Ti c »

receptors)

— glutamate receptor Channel

lining



Typical ion channel:
Acetylcholine nicotinic receptor
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A hypothetical neurotransmitter and receptor:

 What binding groups exist on the neurotransmitter?
* On the binding site?



Lock-gate
mechanism
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Ach nicotinic receptor

Receptor with Agonist Channel Antagonist
2 binding sites (ACh) opens inhibits
for ACh binds binding of
lons agonist
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Type 2: G-protein coupled-receptors



Type 2: G-protein coupled-receptors

2. G-protein-coupled
receptors
(metabotropic)

lons
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G-protein-coupled receptors

Receptors coupled to intracellular enzymatic effector
systems = “metabotropic receptors”

Respond within seconds

transmembrane proteins :

— Monomeric, but 7 transmembrane
domains = “serpentine”, snake-like

— Coupled to G proteins (guanine
nucleotide-binding proteins)

Examples: e N, sodngaoman
Muscarinic acetycholine p,’,’:"’ | :’T 1]
receptor Moo g =l
—
C

Adrenoreceptors



G-proteins

Guanine nucleotide-binding proteins

Heterotrimeric complexes
— a, B, y subunits

Ga subunit act as molecular switch
— guanosine triphosphate (GTP) = activated
— guanosine diphosphate (GDP) = deactivated

Different types of subunits => different targets
— “Second messengers”

Also small GTPases (not covered)



G-protein-coupled receptors

lon channel Agonist stimulates

receptor
lons l
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+ changes the open probability of the
ion channel

Examples

» Muscarinic receptors in heart f K* permeability
and ¢electrical activity

Antagonist: atropine

» Opiates open K* channels and *excitability in
neurons

Antagonist: naloxone

Agonist stimulates Antagonist has no effect on its
receptor own; blocks action of agonist

| |

% /_/ ~( Enzyme

G-protein activates or

inhibits enzyme that gives
rise to second messengers

cAMP, IP3, etc.

Agonists Antagonists
B,-Adrenoceptors Salbutamol Propranolol
B,-Adrenoceptors Isoprenaline Atenolol
H, receptors Histamine Mepyramine
H, receptors Histamine Ranitidine
Opiate p receptors Morphine Naloxone




Membrane-bound enzyme activation via G-proteins
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Mechanism of G-protein coupled
receptor transduction
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1. Agonist interacts with receptor 6. The a-subunit + GDP re-associates with 5. GTP is hydrolysed by the GTPase of the
the By-subunits, to be back where we a-subunit. The agonist dissociates from
l started the receptor I
E) o) Y
)  GTP- ‘GDP
2. The a-subunit (+ GDP) interacts with the 3. GTP replaces GDP 4. The a-subunit + GTP interacts with the
receptor enzyme, activating it. The g/y complex

also activates a target enzyme



Examples of G-protein-coupled actions

G-proteins

Targets activated Example of Typical effect Produced by Antagonist
receptor involved agonists
PIP, Smooth muscle
L contraction (1P3)
Phospholipase C = -
\ [ osphotpase IP3 ?\frfgesllel?larcastorf:m H,-histamine Histamine Mepyramine
\ A variety of effects Ch. 15
DAG Activates protein due to protein

kinase C

phosphorylation

Bo-Adrenoceptor —»

Smooth muscle

Adrenaline Ch. 11,

Propranolol

OO

in hyperpolarisation

- ATP relaxation (fcAMP) | salbutamol Ch. 24
Adenylate cyclase
\/ A : : :
(cAMP __ Activates protein M,-muscarinic —»| Decreased force of | Acetyicholine Atropine
kinase A contraction of the
heart (cAMP)
K* channels in ::cre:sede(:penmgl;tp d M,-muscarinic —-| Cardiac slowing Acetylcholine Atropine
cell membrane € channeis resufting Ch. 10




Diversity of G- protem coupled actions

Receptors G-proteins Y
l { Tl 1
Target Guanylate Adenylate .
. Phospholipase C |
enzymes cyclase cyclase
Second /\ /—\‘ ' \
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Protein
; PKG PKA PKC as local
kinases | J hormones
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Effectors Enzymes, Contractile lon

transport proteins, etc. proteins channels



Type 3: Kinase-linked receptors



Type 3: Kinase-linked receptors

3. Kinase-linked
receptors
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Kinase-linked receptors

Receptors coupled to intracellular kinase
Respond within hours

Heterogeneous family of proteins :

— Monomeric

— Single transmembrane helix linking extracellular receptor
domain to intracellular kinase domain

Examples:

— Insulin receptor

— Growth factor receptor  mwes = Binding domai

Kinase-linked
receptors

— Cytokine receptors

Catalytic
- etc [N ] domain =



Different types of Receptor Tyrosine
Kinases (RTKs)

immunoglobulin-
like domain

cysteine-
rich
domain
— fibronectin-type llI-
ss ss like domain
ss !
———————————————— __plasma
CYTOSOL membrane
. | I | kinase
:().(rosme | | I\ insert
inase i
domain B
EGF insulin NGF I FGF | Eph
receptor receptor, receptor receptor receptor
IGF1 PDGF VEGF
receptor receptor, receptor
MCSF
receptor

Figure 15-52 Molecular Biology of the Cell 5/e (© Garland Science 2008)



Mechanism of action

EXTRACELLULAR
SPACE

CYTOSOL

intracellular
signaling proteins
bound to
phosphorylated
tyrosines

ACTIVATED

SIGNALING PROTEINS
RELAY SIGNAL
DOWNSTREAM

Figure 15-54 Molecular Biology of the Cell 5/e (© Garland Science 2008)



Typical tyrosine kinase cascade

A B
Growth factors O O

Plasma membrane

Growth factor receptors

Tyrosine kinases

Cytoplasm

Agonist binding to 2
receptors leads to
coupling (dimerisation).
The TKs in each receptor
phosphorylate the other
member of the dimer

Kinase 1
Kinase 2
Kinase 3

Nucleus

Gene transcription

SH2-containing ‘adapter’ proteins bind to the
phosphorylated residues in the receptors and activate a
pathway consisting of Ras, which becomes activated after
exchange of GDP for GTP; this, in turn, activates a cascade
of three kinases. The last kinase phosphorylates various
transcription factors, thus activating transcription of the
genes for proliferation and differentiation



Growth factor cascade

Conformation

Growth | o change Tyrosine Phosphorylation
factor { Dimerisation autophosphorylation of Grb2
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Y
Various transcription
factors

NUCLEUS




Cytokine receptor cascade

Conformation change Phosphorylation of receptor
Binding of Jak + Jak

— R

B Cytokine - @

¥ I (%) (%)
SR E—

oW e @
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P
el
Binding and Dimerisation | & P
phosphorylation of Stat P
of SH2-domain

protein (Stat)




Type 4: Nuclear Receptors



Type 4: Nuclear Receptors

4. Nuclear receptors
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Nuclear Receptors

Intracellular receptors affecting gene transcription
Respond within hours
Large family of proteins:

— Monomeric
— DNA binding domain “zinc fingers”
Examples:

— Thyroid hormone receptor

— Steroid receptors
D 7C

Type 4 Binding domain
Nuclear

receptors DNA-binding domain

— (‘zinc fingers’)



Examples of molecules
binding nuclear receptors

CHpOH ) )
| OH OH
_ C=0
HO OH
HO C
O estradiol testosterone
cortisol
|
CHp— % COO~
\lH;+
thyroxine

Figure 15-12 part 1 of 2. Molecular Biology of the Cell, 4th Edition.

OH

OH

vitamin D3
HO
CH3 CH3 CH3(||)
S e e e C\O‘
H3C  CH3
retinoic acid

Figure 15-12 part 2 of 2. Molecular Biology of the Cell, 4th Edition.



The Nuclear Receptor superfamily (1)

DNA-binding
domain
N A c
cortisol receptor

N ®
estrogen receptor

N C
progesterone receptor

N C
vitamin D receptor

N C
thyroid hormone receptor

N C
(A) retinoic acid receptor

ligand-binding

domain
transcription-activating
domain

H2oN

DNA-binding domain
COOH

inhibitory
proteins

(B) INACTIVE RECEPTOR

coactivator
proteins

ligand

DN

\
transcription of
target genes

receptor-binding
element

(C) ACTIVE RECEPTOR

Figure 15-13 part 1 of 2. Molecular Biology of the Cell, 4th Edition.



The Nuclear Receptor superfamily (2)

NR LBDs 25-Mar-04

P
NR2F2-COT2 — —
Fr5aznes:_|
NR4AL-NR41
NR4A3-NRA3 =
NR4A2-NR42 _~[Ricrrear]
NR1C2 PPAS
[NR1H4-NRH4 ‘ R1C3-PPAT
R NRH3 4 NR1DI-NRDI
NR1D2-NRD2
NR1H2-NRH2 [NR1I1-VDR §
== [VR1A2-THR R1F3-RORG [FrRiF1I-RORA]

NRI1I2-PXR INR1A1-THA

/\ 1F2-RORB
NRI1I3-NRI3 NR1B3-RRG
NRIRZ-RRE) [DEIELRRA



3D structure of Nuclear Receptors

(D)

Figure 15-13 part 2 of 2. Molecular Biology of the Cell, 4th Edition.



Generic Nuclear Receptor Mechanism

Examples are members of the
steroid superfamily of receptors;

 corticosteroid receptors

* oestrogen and progestogen
receptors

« thyroid hormone receptors
 Vitamin D5 receptors

The Gc/receptor complexes form
dimers before entering the nucleus
(not shown)

Nucleus

Translation

\

Cytoplasm

Transcription

mRNA

~—,. Mediator

proteins ~

Mediator
~> proteins
in plasma

Receptor changes
conformation

Complex interacts with
DNA and alters gene
expression

Transcribed genes induce
synthesis of some
mediator proteins and
inhibit synthesis of others



Two types of responses

(A) EARLY PRIMARY RESPONSE TO STEROID HORMONE

steroid steroid hormone (B) DELAYED SECONDARY RESPONSE TO STEROID HORMONE
hormone receptor
T secondary-response proteins
N e PA o
FA AA Em ®% 4 o@
DNA
| ——
steroid-hormone-receptor
complexes activate primary-
response genes Qo I:lO —
T °c” o
 — — = = = DM a primary-response a primary-response
= = = _— protein shuts off protein turns on
primary-response secondary-response
genes genes

o D%D

induced synthesis of a few different
proteins in the primary response

Figure 15-14 part 2 of 2. Molecular Biology of the Cell, 4th Edition.

Figure 15-14 part 1 of 2. Molecular Biology of the Cell, 4th Edition.



Steroid hormone receptors

L A/B | L C | L E |
100 100 Receptor
[ | | ]934 Progesterone receptor
91 64
[ | | | 1777 Glucocorticoid receptor
91 63
| [ [ | [ ]9s4 Mineralocorticoid receptor
82 66
| [ | ] | ]918 Androgen receptor
56 35
| [ [ | [ 1505 Oestrogen receptor
The relative sizes of the human b
T A/B cC D E F
receptors indicated.
The numbers above the bars pna.  Ligand-binding domain
. . Isoform binding
indicate the percentage homology specificiy domain  NLS Hspo0 (igand)
of the consensus regions of the | -
DNA- and ligand-binding domains AF1 Hsp90  AF-2
Ligand independent NII_S Ligand dependent
\_'_l L |
| | Dimerization

Immunogenic



Mechanism of action SHR

SBP
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Steroid




Sub-family: RXR heterodimers

* Prototypiske members:
— RAR [retinoic acid receptor] vitamin A metabolite
— VDR [vitamin D receptor]
— TR [thyroid hormone receptor]
— PPARYy [prostaglandine J2]
— several “Orphan receptors” with unknown ligand

e (Characteristic feature of the RXR-heterodimers

— Broader chemical variation of ligands
— Not all ligands are endocrine hormones
— ligand-independent activation mechanisms exist

— bind DNA also in absence of ligand ‘

— bind often to “direct repeats”

— bind as heterodimers




Several coactivators and corepressors

| Coactivator Complexes
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Bioactive lipids and their nuclear

receptors

Nuclear receptor Ligand
PPAR
Acety' CoA Fatty Acids Retinoid X ~ RXRa,B,y 9-_cis Retinoic
receptors* acid
RAR [ PPARa  Fatty acids
RXR Fibrates

0[] €m Retinoic Acids Gl Isoprenoids Peroxisome | PPARS  Fatty acids

- proliferator- Carboprostacyclin
D Iet activated

| ’ receptors PPARy Fatty acids

Lanosterol ; Eicosanoids
s CYP27B1 Thiazolidinediones

Diet |

Oxysterols

Bile acids

Xenobiotics
Steroids

Xenobiotics
Phenobarbital

7-Dehydro- 1,25-Dihydroxy- CYP24 Liver X LXRa,3
Cholesterol Vltamrn D3 receptors
Farnesoid X FXR
receptor
260Hase
20-Hydroxy- t SXR/PXR
Cholesterol sl g it oo o Jenobiotic
Xenobiotics receptors Ar
CYP3A PXR
f
L g Oxysterols Ecd ECR
cdysone c
fABCB1,C2,C3 CYP7A1
Steroids B ¥R 3 Bile Acids ¥ CypsB1 egefpitelr
ABCA1,G1,G5,G8 ABCB11 Retinoic acid RARa,(,y

Vitamin D VDR
receptor

20(OH)-ecdysone
Retinoic acids

1,25(OH),-vitamin Dy




Receptors: synopsis

1. Ligand-gated ion 2. G-protein-coupled
channels receptors
(ionotropic receptors) (metabotropic)
lons Ions
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HYPG'POJ?"WO" Change Second messengers
e o in excitability ‘
v v ¥
Ca®* release Protein Other
l phosphorylation 1
Cellular effects Cellular effects
Time scale
Milliseconds Seconds
Examples
Nicotinic Muscarinic

ACh receptor ACh receptor

3. Kinase-linked
receptors

J

Protein
phosphorylation
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Gene transcription
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Protein synthesis
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Cellular effects

Hours

Cytokine receptors

4. Nuclear receptors

transcription

Protein synthesis
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Cellular effects

Hours

QOestrogen
receptor



Type 1
Ligand-gated
ion

channels
(ionotropic
receptors)

Binding domain

x4or5

Type 2
G-protein-
coupled
receptors
(metabotropic
receptors)

Type 3
Kinase-linked

receptors

Type 4
Nuclear
receptors

Binding domains

G-protein

coupling
domain

C

N

r Binding domain
Catalytic
domain —

C

C

Binding domain

DNA-binding domain
(‘zinc fingers’)




How drugs interact with receptors



Agonists

 Receptor binding site
 Design of agonist:
1. Correct binding groups
2. Correctly positioned

3. Correct size

van der Waals
H binding site

©
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Enantiomers

N\N\J‘OZC
NHgMe

Gn

3 Interactions

® NN 0,C
Y, NHzMe

Mirror /

2 Interactions

* Asymmetrical Synthesis



Pharmacophore
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Antagonists
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Other types of antagonists:

Allosteric antagonists

Antagonist

v

gll(zi%l@ric , 5 Binding site s o

mndaing i 1naing Site

g (open) i

Site y i U (shut)
RECEPTOR ALLOSTERIC RECEPTOR

INHIBITION

Antagonism by the umbrella effect

>

ANTAGONIST

STRONG
ANTAGONIST

<>

RECEPTOR RECEPTOR RECEPTOR




Partial agonists

1. Small conformational change

O~
Receptor
Protein

2. Multiple binding, same receptor

3. Multiple receptors



After binding...

* What happens when a drug binds to the
receptor and stays for a prolonged period of
time?

1. Desensitization

2. Sensitization



1. Desensitization

* Phosphorylation

Resting State

AGONIST

0,C
=5 — NHg
JONIS’]
o :> AGONIST O »
CHANNEL CHANNEL
(Closed) (Open)
Receptor J Receptor .
Protein Protein Protein Protein

Induced Fit

Desensitisation

Phosphorylation
AGONIST

Receptor
Protein

ION
'\ |[CHANNEL
CHANGE OF \|(Closed)

TERTIARY
STRUCTURE

Protein

* Endocytosis
* Reduction of receptors



2. Sensitization

0 Neurotransmitter

Prolonged deactivation by @
antagonist leads to

deficiency of messages T Anagonis

0 g
0}
NORMAL
RESPONSE

sent to cell 5 % g B g

Receptor
NO RESPONSE Synthesis

Receptor

Synthesis

Leads to tolerance and

Increase
Antagomst

dependence

Stop




