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Lesson Outcomes

* Describe the molecular basis of
diseases

* Receptor structure and
function

e Use of molecular biology
approach




Targets for Drug Action

* Receptors

* lon channels

* Enzymes

* Transporters (carrier molecules)
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Match the therapeutic class of the
following drugs from options at +he
bottom,

Amlodipive (Norvasc®)
Losartan (Cozaar®)
Sildenafil (Viagra ®)
Fluoxetine (Prozac ®)

Phosphodiesterase 5 hibitor
Avgiotension receptor blocker
Calcinm chanvel blocker
Selective serotonin reuptake inhibitor




Drug Targets

{E] RECEPTORS _ lon channel
Direct opening/closing
E
* Receptors ’ % actvationinhibition
. c - A ist/ Transduction I h I
* Sensing elements in the system of chemical Agonis ™~ mechanisms | modulation
communications agonist banecrintion
* Coordinate function of all the different cells in o No effect
the bOdy Antagonist u Endogenous mediators blocked
* Ligands - hormones, transmitters and other
mediators (B) ION CHANNELS
) Permeation
* lon channels Blockers Dﬂ blocked
. Increased or
* Gateways in cell membranes Vodulators a ﬂ decreased

opening probability

Selectively allow the passage of particular ions
Open or close by a variety of mechanisms

- -
Two important types - ligand-gated channels

and voltage-gated channels




(c) ENZYMES

- W) Normal reaction
D ru g Ta rgets Inhibitor ( — ) et
False O“\G" o Abnormal
Substrate metabolite produced
* Enzymes
e Catalysts mediating various biochemical reactions O— 3 o

Prodrug Active drug produced

* Many drugs serve as enzyme inhibitors

* Prodrugs require enzyme activation -
(D) TRANSPORTERS
* Transporters N '

Q
. Normal
* Movement of ions and small molecules across cell transport C:D

@ ®

Q

membranes

* Renal tubule, intestinal epithelium, blood—brain o
Inhibitor @ or @

barrier, nerve terminals Transport

blocked

False Abnormal compound
substrate accumulated

Rang & Dale’s Pharmacology 8t ed 2016




Receptors

* A protein molecule usually found inside or on the surface of a cell,
that receives chemical signals from outside the cell.
* Four major classes of proteins
* Ligand-gated ion channels y S o
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* G-protein coupled receptors - W
* Kinase-linked and related receptors /\\ 4 UN

* Nuclear receptors
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1.Ligand-gated ion
channels
(ionotropic receptors)

lons

Y

Hyperpolarisation
or
depolarisation

\ J
Cellular effects

Time scale
Milliseconds

Examples
Nicotinic
ACh receptor

2.G protein-coupled
receptors
(metabotropic)

Ions
I
¥—@ 4@4
' ® or @ @ or©
Change Second messengers

in excitability

v v v

Ca?* release Protein Other

l phosphorylation l

Cellular effects

Seconds

Muscarinic
ACh receptor

3.Kinase-linked
receptors
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Protein
phosphorylation

‘

Gene transcription

v

Protein synthesis

V

Cellular effects

Hours

Cytokine receptors

4.Nuclear receptors

Gene
transcription

Protein synthesis

v

Cellular effects

Hours

Oestrogen
receptor

Rang &
Dale’s
Pharma-
cology 8t
ed 2016




Receptors — mechanisms of transduction

* Ligand-gated ion channels
* Targets for fast neurotransmitters

e G-protein coupled receptors

* Also called metabotropic receptors or 7-transmembrane (7-TM or heptahelical)
receptors.

e Coupled to intracellular effector systems primarily via a G proteins
* Receptors for many hormones and slow transmitters

» Kinase-linked and related receptors

e Extracellular ligand-binding domain linked to an intracellular domain by a single
transmembrane helix

* Receptors for protein mediators

* Nuclear receptors
e Regulator of gene transcription



Receptors — structures and functions

 Study of structure-function relationship
* Important basis for understanding their roles in diseases

* Various ways / approaches to investigate
* In vitro and in vivo models
* Molecular biology methods

* Examples
* In vitro - gene cloning and recombinant protein expression
* Invivo - Gene knock-out mice, various disease animal models



Molecular
biology and

protein function_

protein signalling ™" sercuchive
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Application of molecular Biology in Medicine

Pharmacogenomics

e

. . Preventive
Diagnostics | > medicine

Disease with
genetic component| > | Map gene | - Clone gene »  Gene therapy

\

Understand basic
biological defect

—» Drug therapy

Time



Application of molecular Biology | n Medicine

Diagnostics |

An experimental technique
that uses genes to treat or
prevent disease
Replacement or inactivation
(knock-out) of mutated
genes, or introducing new
gene

Gene delivery and targeting —
using viral vectors such as
adenovirus

CRISPR gene editing

Pharmacogenomics

el

Preventive

_

e medicine

- Gene therapy

Drug therapy

Sequencing, genotyping,
gene and protein microarray
technologies — identification
of genetic disorders
Pharmacogenomics —
improves drug efficacy,
individualized therapy

Health or disease screening
— genetic predisposition, risk
of developing disease
Vaccines

Precision medicine
Pharmacogenomics
Biologics

CRISPR - clustered regularly interspaced short palindromic repeats




Hope for the Future
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Di. Checks
Symptoms

Patient
Gets Sick

Codeine dosivm/\ @\mw{@lmes

CMP2DG extensive metoboliser

.[.’.'ffb + &6 CNP2DG poor metoboliser
" H ihﬁ CIP2DG intermediate metoboliser

Iy- Detetmines CIP2DG ultra-rapid metoboliser

Cause of Sickness

. tucder Vatious Tests
{Blood, Uiine. Biopsy.
Bone Maitiow. iug, DHA, H-C
- ~ 3
Saliva. Stool. Hail. etc.)
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Based.on Patients’ - Use normal dose
Genes, . Piesciibes Patient _
Appiopiiate iugs Gets Bettel Use normal dose but wmonitor response

Avold codeine




Summary

* Describe the molecular basis of
diseases

* Receptor structure and
function

e Use of molecular biology
approach




