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The Nobel Prize in Chemistry 2012
Robert J. Lefkowitz, Brian K. Kobilka

Robert J. Lefkowitz Brian K. Kobilka

The Nobel Prize in Chemistry 2012 was awarded jointly to Robert J.
Lefkowitz and Brian K. Kobilka "for studies of G-protein-coupled
receptors”

By tracking the radiation emitted by the isotope, they succeeded in finding a
receptor for adrenaline, which allowed them to build an understanding of how it

functions.
It was later discovered that there is an entire family of receptors that look and

act in similar ways - known as G-protein-coupled receptors.



The Discovery of G Proteins

Martin Rodbell and his collaborators found
that a transducer provided the link
between the hormone receptor (the
discriminator) and the amplifier, Alfred G.
Gilman and his co-workers used genetic
and biochemical techniques to identify
and purify the G protein. They used
lymphoma cells that normally can be
activated by a receptor to form cyclic AMP,

A mutated lymphoma cell was found to
contain a normal receptor and a normal
cyclic AMP-generating enzyme but was
yet unable to respond because it lacked
the transducer.

This was a good system to assay purified
G proteins.




Mutated Lymphoma Cell

A G protein could
be isolated from
normal brain
tissue and
inserted in the
mutated cell,
thereby

restoring its Mutated Lymphoma Cell foct
function, with purified G protein Septon
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What i1s GPCR? Def
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he largest family of plasma membrane—localized receptors 1s

the superfamily of G protein—coupled receptors (GPCRSs).
GPCRSs represent == 1% of the human genome and are activated by
an array of signals, from single photons to polypeptide hormones.
Many receptors in the family are still “orphans,” recognized n the
genome by their characteristic sempentine, 7 transmembrane domain
signature, but awaiting identification of their activating ligand.

Gerda E. Breitwieser

Circulation Research January 9/23, 2004



Why Seven Transmembranes?

il

© Judith Klein-Seetharaman, University of Pittsburgh




Hydropathy Plot (profile) rhodopsin

(a 7-transmembrane protein)

S Chapter 12 : Intracellular Compartments and Protein Sorting

Hydropathy Index:
*Partition coeficient and others

Kyte and Doolittle (1982) J Mol Bio 157, 105-
132.



Who are the ligands?
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What are the downstream Signals ?

G PROTEIN-
COUPLED RECEPTORS

Biological functions

smell and taste
(~1000 types of receptors)
perception of light
neurotransmission
function of endocrine
and exocrine glands
chemotaxis

exocytosis
control of blood pressure
embryogenesis
development

a7 cell growth and differentiation

ion channels increase cAMP T HIV infection
inhibition cAMP
et PIP2 —( oncogenesis
phosphodiesterases




G-protein cycle
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Discussion question 1

* Please compare the differences between
trimeric G proteins with the small G
proteins (Ras).



Answers

Size

Organization

Termination signals: GAP vs internal
activity

Activation signals: GEF vs ligand bound
receptor






Biogenic amines Amino acids and ions

Noradrenaline, Glutamate, Ca?*, Lipids

dopamine, GABA LPA, PAF, prostaglandins, leukotrienes, anandamine, S1P
5-HT, histamine, ’ “PIORAgAn:. ' e, S
acetylcholine Peptides and proteins

Angiotensin, bradykinin, thrombin, bombesin, FSH, LH, TSH, endorphins

i A" Others
E1 Light, odorants, pheromones, nucleotides, opiates, cannabinoids, endorphins
\'J B } “__o lOnchannels, Biological responses

"
PI3Ky, PLC-, Proliferation, differentiation,
adenylyl cyclases development, cell survival,
angiogenesis, hypertrophy,

G-protein-independent cancet
effector molecules
O @ D
GTP GTP GTP GTP .
Gene expression
Adenylyl cyclases, PLC-p, Adenylyl cyclases, RhoGEFs, Q regulation
inhibition of cAMP DAG, increase in cAMP  Rho A7
production, Ca?*.  concentration

ion channels, PKC \—_/,v \ \ A\
phosphodiesterases, Transcription Nucleus

phospholipases

TRENDS In Pharmacological Sclences




Proposed & Protein-Coupled Pathways
for Chemokine Receptor Signaling
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Discussion question 2
How to modulate the GPCR-coupled Signals ?

or



Multiple signaling roles of a GPCR illustrated for
the 5 2-adrenergic receptor

"Desensitization”

PKA-mediated B _GRK-mediated
pmsﬁﬁorylatlon' phosphorylation

and B-arrestin binding

Signal 1 \ * " { _
izt : equestration
Rossnsiization Signal 2 clathrin-mediated endocytosis

Recycling

Receptor
Dephosphorylation

Signal 3



G Protein-Coupled cAMP Signaling Cascade

Many Many | \ynthases
Others Others
y

Phospholamban

A




Discussion question 3

* \Why second messenger system IS
necessary?



Amplification
of the
Signal

(a) Signaling pathway {b) Number of
maolecules
activated

RECEPTION

Binding of epinephrine to G-protein-linked receptor
1 molecule

TRANSDUCTION
Inactive G protein

Active G protein 10? molecules

Inactive adenylyl cyclase
Active adenylyl cyclase 10? molecules

ATP
Cyclic AMP 10¢ molecules

Inactive protein kinase A
Active protein kinase A 10* molecules

Inactive phosphorylase k@

Active phosphorylase kinase 10° molecules

Inactive glycogen phosphorylase
Active glycogen phosphorylase 10 molecules

RESPONSE
Glycogen

Glucose-1-phosphate 10* molecules

Copyrghl € Pearson Education, inc.. publishing as Banjamin Cummings.




What I1s Orphan Receptor ?

The
Human
Genome

Project

National
Human
Genome
Research

7 7 Institute, NIH

Human Genome Project  Orphan Receptor Try to Find out



De-orphanization

Reverse Endocrinology

~Approach from Genome to Life Science
Ligand

Genes encoding orphan receptors

Dewvelopment of
new assay system

Orphan Receptor

Identification of new ligand

= @ Production of knockout

or transgenic animals

G—Protein g i
=1 Intracellular signaling Charactenzation of new signaling pathway
Intercellular network i

Drug discovery and new therapy
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(a) Plasmid expression vector

Double-stranded cONA from
cell normally synthesizing
receptor protein
LOOOOOOOOOOOCK,
3 N 22
SV40 originof  “« .7 Signals for termination
DNA replication b 4 and polyadenylation of
and promoter mRNA

Expression cloning —

Plasmid DNA replication in

bacterial cells
~ I (b} Initial screening of cDNA pools
cDNA coding for

¢DNA coding for

O irrelevant protein desired receptor




Reverse Pharmacology
~1995
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GPCR deorphanizations




GPCR-based

Drug Discovery

Table 1
GPCR

Acetylcholine

Adrenoceptor

Angiotensin 11

Dopamine

Histamine

(reneric

Bethanechol
Dicyclomine
Ipratropium

Atenolol
Clonidine
Propranolol
Terarosin
Albuterol
Carvedilol

Losartan
Eprosartan

Metoclopramine
Ropinirole
Halopendol

Dimenhydrinate
Terfenadine
Cimetidine
Ranitidine

Drugs targeting GPCRs

GPCR

Leukotriene

Opioid

Prostaglandin

Somatostatn

Serotonin

(rereric

Pranlukast
Fafirlukast

Buprenorphin
Butorphanaol
Alfentamil
Morphine

Epoprostenol
Misoprostol

Oetreotide

Sumatriptan
Ritanserin
Cisapride
Trazodone
Clozapine

Table 2 Diseases associated with GPCE mutations

Receptor

Fhodospin

Thyroid stimulating
hormone

Lutenizing hormone

Vasopressin Vi

Calcium

Parathyroid hormone
fa-Adrenoceptor
Growth hormone

releasing hormone
Adrenocorticotropin
Crlucagon

Dizease

Retimtis pigmentosa

Hyperfunctioning thyrowd
adenomas

Precocious puberty

X-linked nephrogenic diabetes

Hyperparathyroidism,
hypocalciuna, hypercalcerma

Short limbed dwarfism

Obesity, NIDDM

Drwarfism

Glucocorticond dehciency
Diabetes, hypertension


http://search.yahoo.com/GPCR%252Cdrug
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GPCRs/ RTKs Communication

Why we choose this paper for discussion?

a RTK RTK b GPCR GPCR

(inactive) (active) (inactive) (active)
Ligand 8
Ligand \ Ligand D
binding ; Plasma

domain membrane -
T™ domain -~ — _';,@'_;3—)
Kinase (serpentine)
domain structure @52)
. RSWi f
sl Other
Bt I:I l responses
l:l o Proliferation
(inactive)

Proliferation



. Table 1 | EGFR activation by different agents®

Agent

' Stress factors
! Jonizirg radistion
| Onddenta

{ UV radiation

Call type

8431 cals

EGFR-transfectad BS2 L-cells
Heala c=lls
Rat-1 c=als

EGFR-transfected BS2 L-cells

G -protein-coupled recepitor agonists

| Angictanain I
' ATP
Bomb=sin

| Bracykinin

v Carbachal
i Erdothelin

| Lysophosphatidic acid

+ Phamdephrine
' Thrombin

' Other agents
1 Halicobacter pylor
¢ Int=grin ligands

P IGF-1
! Pharbol ester

Carciomyocytes
Frimary mioUes sstrocytes
Bombssin-receptor-transfected COS-7

P22 rat phecchromocytoma callz
Bradykinin typs-2 -ecaptor transfectsd COE-T cals

k1 R- and M2B-trarsfected O0E-7

Rat-1 fibroblasts
Cardormyooytes

Rat-1 fibroblasts
ko= embryo fibroblasts
SquamoLie-cell carcinoma lines

Carciomyocytes

Rat-1 fibroblasta
Cardiac fibroblasts

Carciac myocytes

Ziedric apithelial tumour cala

Human primary skin fibroblasts
ECWE04 andothelal cslls

Mammary apithelial calle

JBG P+ (1-1) el
houss ambryo fibroblasts

Referances

5,20

19

a1

: “Cirect kgards of the BSFA are not Included. EGFR, spkdanmal growth factor recaptor; K5F-1, reuin-ike
Qo Tactor 1; KR and BER, muscainic recepbors 1 and 2; LY, ulirardsst. An exdlenced version of thiz
¢ late can b found as a supplement 2 the online verskon of this artkcle.
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Transactivation

MMP A
\N\N Pro-GF G

(proHB-EGF)

\ “Transactivation” F




Release of _
GPCR ligand HB-EGF (TGFa) O

@ —~ proHB-EGF
(proTGFo)

GPCR (active)

MP (active)

\
Po \_

—-
Cglt

MP
/ 4
Pyk2

1 PKC
(outside—in) Src
Mediators
2
hslde—out)




GPCR Pathway
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