HOW DRUGS ACT

Corpora non agunt nisi fixata

(drugs do not act unless they are bound)

Paul Ehrlich (1854-1915)



CLASSIFICATION OF PROTEIN TARGETS FOR DRUG BINDING

1.RECEPTORS

2. VOLTAGE DEPENDENT ION CHANNELS
3.ENZYMES

4 TRANSPORTERS

In pharmacology, the term "receptor™ describes protein
molecules whose function is to recognise and respond to

endogenous chemical signals
Other macromolecules with which drugs interact to produce

their effects are "drug target™



PROTEIN TARGETS FOR DRUG BINDING

ION CHANNELS

RECEPTORS

m Receptors (45%)

®m Nudear Receptors (2%)
® lon channels (5%)

®m Nudleic Acids (2%)

® Hormones (11%)

® Enzymes (28%)

® Unknown [7%)



4. TRANSPORTERS or CARRIERS
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The molecular structure of the norepinephrine transporter protein

FALSE
TYPE INHIBITORS SUBSTRATE CLINICAL USE
Noradrenaline Tricyclic
transporter (NAT)  antidepressant Depression
Cocaine Amfetamine
MDR transporter Probenecid
Na+/K+/Cl- Loop Diuretics Hypgrtenglon
Co-trasporter Diuresis
Na+/K+

ATPase Digitoxin Heart failure



3. ENZYMES

FALSE

INHIBITORS SUBSTRATE CLINICAL USE
Acethyl- Donezepill Alzheimer
cholinesterase = Organophosphates Insecticide

Anti-inflammatory

Cyclo-oxygenase Aspirin Anti-aggregation
(platelets)
Nitric Oxide L-NMMA
Syntase L-NAME
Monoamine . Depression
Oxidase (MAQO) Meclobemide Parkinson's
DOPA-

L-DOPA Parkinson's
decarboxylase



2. VOLTAGE DEPENDENT ION CHANNELS

BLOCKERS MODULATORS CLINICAL USE

g @ hermals Lidocaine Veratridine Local anesthesia
Tetrodotoxin Anti-arithmic

Divalent cations

Ca+ channels .
e.g.: cadmium

Dihydropiridines Hypertension

ATP-sensitive K+ ATP Sulfonylurea

channels derivatives slianeiesit/pe



2. VOLTAGE-DEPENDENT ION CHANNELS
General Features
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VOLTAGE DEPENDENT Na+ CHANNELS

Neurotoxin
Receptor |Toxin Origin
site

1 Tetrodotoxin Fugu rubripes (blowfish)
Saxitoxin (PSP) Dinoflagellates
u-conotoxin Conus geografus

2 veratridin Veratrum (rhizome, Liliacee)
batracotoxin Phyllobates terribilis (frog)
aconitin %l i I
grayanotoxin R R

3 o~scorpion toxin
Sea anemone toxin

4 B-scorpion toxin

o brevitoxins
ciguatoxins

6 d0-conotoxin




Bufo alvarius (Colorado River toad or Sonoran Desert toad)

Bufotoxin: ¢
5MeO-DMT and bufotenin: family of hallucinogenic
tryptamines (LSD)



a; subunit

cav1
(HVA current, long-
lasting kinetics of
inactivation )

Cav2
(HVA current, long-
lasting kinetics of
inactivation)

Cav3
(LVA current,
transient kinetics
of inactivation)

VOLAGE-DEPENDENT Ca2+ CHANNELS

Subunit
(type of Localization Main function Drugs Toxins
current)
Cavl.l
Skeletal muscle
(L-type)
Cardiac muscle _
Ga,12 Endocrine cells L calcium
(L-type) Neiions Initiation of channel
Smosthimuscla contraction and
- secretion blockers-
Cayl.3 Endocrine cells -
(L-type) Neurons sensitive
Cavl.4 .
Retina
(L-type)
Cay2.1 Nerve terminals _ w-agatox'lcn-l'VA,
(P/Q-type) Dendrites calcium w'C:A':IC:I gxm
Initiation of channel :
Cay2.2 Nerve terminals neurotransmission uLtonotoxh .GVlA
) blockers- w-conotoxin
(N-type) Dendrites at most fast _ - MVIIC
synapses Insensitive
Cau2 3 Cell bodies
(R-tvy .e) Dendrites SNX-482
P Nerve terminals
a5 Cardiac muscle Invol ti
o Skeletal muscle b oddblindie calcium
(T-type) N shaping the action
SULONS : channel
; potential and
Cay3.2 Cardiac muscle :
controlling blockers-
(T-type) Neurons R _ >
Cay3.3 Reite e insensitive
Neurons repetitive firing

(T-type)




Phylogenetic Tree, Kv1-9 Families

Kv5.1 [KCNF1, 2p25]
[~ Kv2.1 [KCNBH1, 20q13]
L Kv2.2 [KCNB2, 8q13]

Kv6.3 [KCNG3, 2p21]

rm— [ Kv6.1 [KCNG1, 20q13]
o— L Kv6.2 [KCNG2, 18922]
- Kv6.4 [KCNG4, 16g24]

Kv7.1 [KCNQ1, 11p15]
Kv7.3 [KNCQ3, 8g24]
Kv7.2 [KCNQ2, 20q13]
Kv7.4 [KCNQ4, 1p34]
Kv7.5 [KCNQ5, 6q14]

"I_ Kv8.1 [KCNV1, 8q22]

Kv8.2 [KCNV2, 9p24]

Kv9.3 [KCNS3, 2p24]
_%KVQ.Z [KCNS2, 8q22]
Kv9.1 [KCNS1, 20q12]
Kv3.4 [KCNC4, 1p21]
Kv3.2 [KCNC2, 19913]

Kv3.1 [KCNC1, 11p14]
Kv3.3 [KCNC3, 19q13]
— Kv4.1 [KCND1, Xp11]

-E Kv4.2 [KCND2, 7q31]
Kv4.3 [KCND3, 1p13]
— Kv1.7 [KCNA7, 19q13]
= KVv1.4 [KCNA4, 11p14]

Kv1.6 [KCNAB, 12p13]
Kv1.5 [KCNAS5, 12p13]
Kv1.8 [KCNA10,1p13]
Kv1.2 [KCNA2, 1p13]

Kv1.1 [KCNA1, 12p13]
Kv1.3 [KCNA3, 1p21]

VOLTAGE-GATED K+

CHANNELS

Phylogenetic Tree, Kv10-12 Families

Kv12.2 [elk-2, KCNH3, 12q13]

Kv12.1 [elk-1, KCNHS, 3p24]
Kv12.3 [elk-3, KCNH4, 17g21]
Kv10.1 [eag-1, KCNH1, 1932]
Kv10.2 [eag-2, KCNH5, 1423]

Kv11.1 [erg-1, KCNH2, 7q35]
Kv11.2 [erg-2, KCNH6, 1723]

Kv11.3 [erg-3, KCNH7, 2q24]



Proposed model for opioid receptor-mediated analgesia at
perpheral terminals of primary sensory neurones

Peripheral nerve ending

Potassium channel
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G-protein
g e ¢
Analgesia - a ¥
e © ¢
Intracellular section Opioids

Opioid receptor

Voltage-gated
calcium channel

Ca2+



1. RECEPTORS

1943
Adverse CNS effects of first generation
1910-1911 H/-ontihistamines reported
Physiologic and l 1986
patholegic effects 1942 Cordiac toxicity of
of histamine H]-onﬁhistomine Hl-onﬁhisfamines
described introduced for clinical use reported
1907 | ‘ I 1955 1981
Histomine synthesis 1937 Anti-cllergic effects of Second generation
decarboxylation Hi-ontihistamines ~ Hj-antihistamines non-sedating Hy-antihistamines
histidine described synthesized described introduced for clinical use

Serotonin receptor subtypes

1991

Human Hy-receptor
cloned

Human H;-receptor Humon

C




RECEPTOR HETEROGENITY AND SUBTYPES

Receptors within a family generally occur in several subtypes
with similar structure but significant differences in their

1) aminoacidic sequences

2) pharmacological properties
3) tissue distribution

4) regulatory mechanisms

Caopyright © The McGraw-Hill Com o8, Inc. Permisalon reguired for reproduction or display
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(a) Primary structure—
the amino acid sequence

Pleated sheot

(d) Quaternary structure
— the relationships
between individual

(c) Tertiary structure with
secondary folding caused by
interactions within the
polypeptide and its immediate subunits
environment

(b) Secondary structure
with folding as a result
of hydrogen bonding
(dotted red lines)

Noradrenaline receptors
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Serotonin receptors

Ligand-gated channels

5-HT3,
5-HT3g
5-HT ;¢
-ve G-Protein coupled receptors +ve
5-HTy 5 ~— — 5-HT,
S'HT|B<_ Gi/o G‘. —> 5'HT6
S'HT]D < AM >5'HT7
S'th - ? > S'htSA
S_HT"<— ? >5-ht58
> 5-HT
Gq 2A
PLC - 5-HT,g
—> 5-HT,¢




RECEPTOR HETEROGENITY AND SUBTYPES

Sequence variations arise at the genomic level (different genes), from
alternative mRNA splicing or mRNA editing

——— —HH HTR3C

HTR3A

: HTR3D

HTR38B

i H—HH-HHE  HTR3E

* transcription

promoter / 5'UTR 3'UTR

cis-regulation *—% &

¢ translation

?ﬂ:;
splicing variants » . I I I i ()igg
SNPs « =1 !

Exon Exon Exon Exon
Gee | [ [3] B |
mRNA [1] [z] 3] A
Alternative Splicing
mRNA ] e

Protein A Protein B



CLASSIFICATION OF RECEPTORS

(sensu stricto)

1. Ligand-gated channels

2. G-protein coupled receptors

3. Enzyme-linked receptors

4. Nuclear receptors

This classification is primarily based on receptor
structure



CLASSIFICATION OF RECEPTORS

Receptor classification

Ligand-gated channels G-protein-coupled receptors Enzyme-linked receptors Nuclear receptors
N
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GTP GTP
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Second Second | |
messenger messenger (PhOSphorylation)
Depolarization/ Change in[Ca®] ( Gene transcription/protein synthesis )
hyperpolarization Protein kinase activity
Timescale
Fast (msecs) Slow (hours)

% G-protein (Ga, ~inhibitory, Ge, - stimulatory) @ Orug



1. LIGAND-GATED CHANNELS
(IONOTROPIC RECEPTORS or RECEPTOR OPERATED CHANNELS)

25 Teceplor lic Nicotinic-receptor
family (ATP) : 2P Glutamate-receptor-like family
-like family

PSS

N I ya . .'\_/' '\._/'.
W m C ' ' Q
n !
o &

Muscle Neuronal CGABAa
nAchR npAchR = Glycine ykainoeo NMDA  P2X7 5-HT3

1982

1984 1988 1960 1992 1994 1996 1998 2000

1986

AMPA GABAC P2X1




2. G PROTEIN COUPLED RECEPTORS
(METABOTROPIC RECEPTORS or 7 TM RECEPTORS)

EXTRACELLULAR
H

N-AG
Potential
Ninked
Glycosylation
Site

T L‘“bj

INTRACELLULAR

B-adrenergic receptor



Number of proteins

Receptors

G protein-coupled receptors
Ligand-gated ion channels
Receptor tyrosine kinases
Immunoglobulin-like receptors
Other receptors

Nuclear receptors

Antihypertensive, anti-allergic 563

Antihypertensive, anti-allergic 357
Hypnotic and sedative, anticonvulsant 84
Antineoplastic, vasodilator 22
Immunomodaulatory, antineoplastic 28

Immunomodaulatory, platelet aggregation 11
Antineoplastic, hormone replacement 76



2. G PROTEIN COUPLED RECEPTORS

Family 1 (or A or rhodopsin-like
family): odorants, small
molecules such as
catecholamines, some peptides
and glycoprotein hormones
receptors

Family 2: Secretin/Glucagon
receptors

Family 3: metabotropic
glutamate, the Ca2+-sensing
and gamma-aminobutyric acid
(GABA)B receptors




PROTEASE ACTIVATED RECEPTORS - PAR

Cleavage site

Y

hPAR1 [40-48) -PRISFLLRNP-

hPAR2 (35-44) -GRISLIGKVDG-
hPAR3 (37-46) -IK/ITEFRGAPPN-

hPAR4 (21-40) -PRIGYPGQVCA-

JHN

Y. )

(A) Proteases Qé

Thrombin (PAR1, 3, 4)
Trypsin (PARZ2, 4)
Tryplase (PARZ)
Factor Xa (PAR2Z2)
Factor Vlla (PARZ)

(B) Receptor-activating
peptide

Cellular
action

HOOC

PAR2 receptors expressed at the stomach level
stimulate mucus secretion

reduce acidic gastric secretion

increase mucosal perfusion

modulate smooth muscle activity



General regions of interaction of GPCR

with other cellular proteins
different G proteins (Gi, Gs)

PDZ-, SH2- and SH3-DOMAIN
proteins

receptor-activity-modifying proteins
(RAMPSs)

sites for dimerization with other

GPCRs (D) G, Ge
SH3
P
arrestin (Arr)
PDZ
G-protein-coupled receptor kinase |

(GRK) Arr  GRK RAMPs —SH2

phosphorylation sites for uncoupling
and internalization (P) Nature Reviews | Drug Discovery



G PROTEIN-COUPLED RECEPTORS - GPCR

Can form omo- and etero-
dimers

Can assume ligand-specific
receptor conformation (and

efficacy)
| 5, 4 T Can undergoes to
gown | 1§ ) desensitization and down-
: regulation




3. ENZYME-LINKED
RECEPTORS

Insulin receptor
Growth factors receptors

(NGF, PDGF):
Tyrosine Kinase activity

Atrial Natriuretic Peptide
(ANP) receptors:
Guanylate Cyclase activity

[2(p7s):NGF dlmer)
Murray-Rust 1995




4. NUCLEAR RECEPTORS

DBP

1,25(0H),D, <%

24-OHase Initiated

— w— = =g Ca|citroic Acid
Catabolic Cascade o nb

\ Transepithelial

A CaBP 1” Calcium Transport

4 24-OHase Modulation of
Bone Metabolism

4 Osteocalcin
Modulation of

GGGTGA ACG GGGGCA f e Dsae Intracellular Calcium

\VZ _ VORE NV i )
Transcription
Regulation

A/¥ mMRNA level ¥y c-sis

A =

) Osteopontin

Yy c-myc Regulation of Cell
A c-fos +» Proliferation and
Differentiation




Cell compartmentalization
....with a glance outside the walls

b i
"’ BATHROOM.




