Overview of Receptor



Receptor

&, Receptors are protein molecules, embedded in either
the plasma membrane (cell surface receptors) or
the cytoplasm or nucleus (nuclear receptors) of a cell, to
which one or more specific kinds of signaling molecules
may attach. A molecule which binds (attaches) to a
receptor Is called a ligand, and may be a peptide (short
protein) or other small molecule, such as a
neurotransmitter, a hormone, a pharmaceutical drug, or a
toxin. Through binding to a receptor, these signals direct a
cell to do something—for example to divide or die, or to
allow certain molecules to enter or exit.
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Defining a Receptor

1.Specificity — a receptor must be able to distinguish between often

closely-related signals.
2. High affinity — signals are often present in low concentrations —
effective receptors can often detect nM to pM concentrations.

3. Saturability — a cell has a finite number of receptors and, thus there
Is a limit to the number of ligand molecules a cell can bind.

4. Reversibility — ligand-receptor association is not covalent — as the
ligand concentration drops the complex can dissociate.

5. Coupling — the receptor transfers a signal from ligand to cell.

It Is this last feature, more than any other that distinguishes a receptor
from a binding protein .



Receptor Classes( by anatomy location)
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Receptor in cytosol

Receptor
in nucleus

Lipophilic signal
molecules diffuse
through the cell
membrane and
bind to cytosolic or
nuclear r

lipophilic signal
molecules bind to receptors
on surface of cell membrane.



Membrane Receptor Classes( by
transmembrane signal transduction)

s Ligand- gated channel
§ G-protein-coupled

S Receptor enzymes

s Integrins
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Membrane Receptor Classes

Extracellular
' signal
. // molecules ECF
& "

Ligand-gated ®)

Anchor

channel Recentor G protein- N Integrin
' ‘/ l region l coupled receptor
R —~ N Y
Cell
' .t membrane

Gprotein  protein ) Cytoskeleton
Enzyme ’/,.__\-
region :

Ligand binding Ligand binding to a Ligand binding to a G protein- Ligand binding to ICF
opens or closes receptor-enzyme activates coupled receptor opens an ion integrin receptors
the channel. an intracellular enzyme. channel or alters enzyme activity. alters the cytoskeleton.




BCiN 12 & T 18iE
Ligand- gated channel

lon channels are signaling proteins

1‘Nu ions

1‘[( ions

Na influx > A K efflux
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Ligand- gated channel
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LGIC mediate fast synaptic transmission.

Axon of

~% presynaptic, (Dca?*

e
% neuron

Axonal terminal of
presynaptic neuron

Postsynaptic
membrane

Synaptic vesicles —

containing neuro-
transmitter molecules

Synaptic .
cleft

lon channel — '
(closed)

~lon channel (open)

___— Neuro-

transmitter

Receptor

£y

Postsynaptic
membranes

lon channel
protein

Part of
degraded
neuro-
transmitter

———— |lon channel
closed




LGICs are responsible for changing a chemical
signal in the synapse (neurotransmitter) to either an
Inhibitory or excitatory post synaptic potential in the
post synaptic cell.

Malecule of neurctransmitter
attached to binding site

Qutside of Cell

lon channel Membrane

i ] i e 1

Influx of Ma* causes b Efflux of K* causas o Influx of CIrcauses
depolarization hyparpolarization hyperpolarization
[EPSP) (IPSP) [IPSP)

d Influx of Ca™
activates enzyme




Families of Ligand-Gated lon Channels

§ Cys-loop receptors -
 Nicotinic Acetylcholine receptor
 GABA, and GABA  Receptors
» Glycine Receptor
* 5-HT; Receptor

o indng £ lonotrophic Glutamate Receptor
 NMDA
- AMPA

"  Kainate

§ P2X Receptors

Kandel, Schwartz & Jessel, Principles of Neural Science 4th Ed. (2000)



Cystine-Loop Superfamily of Ligand-Gated lon Channels

Cystine-Loop Superfamily of Ligand-Gated lon Channels

Heteromeric or homomeric pentamers (5 i 1 2% [A] Y5 11 5844

Characterized by a large N-terminal loop cross-linked by cystine

bridges

protein-protein interactions.

M2 lines the pore

Ashcroft 2000



Cystine-Loop Superfamily of Ligand-Gated
lon Channels

NAChR

A A single subunit in the ACh recegtor-gchannel

& Activated by
Acetylcholine ( Z %8
JE#E) and Nicotine
(a1

& Blocked by curare
(775> and some
general anesthetics
CRRIEZR)

& Non-selective cation
channel including
sodium, potassium
and calcium,

Outside cell

Inside cell




N-AChR
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N-AChR
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GABA-gated CI” channel
(GABA, receptor)

§ The receptors are multimers made up of
, each of which
contributes to the pore of the 1on channel
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lonotrophic Glutamate Receptors

The Tetrameric Structure of a
Glutamate Receptor Channel

Christian Rosenmund, Yael Stern-Bach, Charles F. Stevens”®

SCIENCE « VOL. 280 ¢ 5 JUNE 1998 * www.sciencemag.org

How many subunits make up an
lonotrophic glutamate receptor?
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NMDA receptor and Mg2+

, GLU, NMDA agonist-binding sites
Redox site and APV, CPP antagonist sites

Glycosylation site

e Blocks channel at rest

 Depolarization --> Mg4* ion
leaves the pore

e Glu + depolarization =
Coincidence Detector

e Other channel blockers:
PCP, ketamine, MK801

MK 801, ‘;-w,,-eft’ o

) =8 Y
_..-:'-' A J
WSPGP site. {1
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Phosphorylation sites

Zigmond et al. 1999



lonotrophic Glutamate Receptors
AMPA and Kainate Receptors
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lonotrophic Glutamate Receptors
AMPA and Kainate Receptors

lonotrophic Glutamate Receptors
AMPA and Kainate Receptors
Activate rapidly

Desensitize within a few milliseconds

Kainate — GIuR5-7, KA1-2
AMPA - GluR1-4

With GIuR2 subunit: permeable only to K+ and Na+
Without GIuR?2 subunit: Ca2+-permeable

AMPA = alpha-amino-3-hydroxy-5-methyl-4-
Isoxazolepropionic acid




Kainate-Quisqualate-A (AMPA)

ha™




P2X Receptors
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> N-linked glycosylation

Disulphide bonds
Conserved cysteines

Protein kinase C site

Extracellular
domain

Transmembrane
domain

Cytosolic
domain

o May coordinate phosphates of ATP

o YrOXK motif

O Invelved in proton binding

Aromatics may sandwich adenine . Involved in Zn®* binding

Nature 442, 527-532


http://www.nature.com/nature/journal/v442/n7102/full/nature04886.html

P2X Receptors

§ Gated by extracellular ATP

& Trimeric arrangement determined by
crosslinking and agonist binding studies

§ 7 subtypes, heteromultimers produce a
variety of kinetic outcomes

§ M1 is involved In gating, M2 lines the pore

§ Intracellular N and C termini are important
for protein-protein interactions

Ligand binding




It is possible to block ion channels using
pharmacologic techniques

Extracellular
side +

Cytoplasmic
side
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G-protein-Coupled receptors are
metabotropic receptors
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G-protein-Coupled receptors
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ARTICLE

deii10.1038/nature 10361

Crystal structure of the j;, adrenergic
receptor-Gs protein complex

3,

Andrew C. l\"l_we Ka \'Jung, Chung’, Tong Sun Kol i
esper M. Mathiesen!, Sved T. A_ Shah’, Joseph A. Lyons” _
iam,‘_\.\ e!s“.RugerH Sunahara® & Brian K. Kohilka!

Seren G. F. Rasmussen'**, Brian T. DeVre Yaozk .(‘I'|5 Zou',
Foon Sun Thian!, Pil Seok Chae*, Els Pardon®®, Di Calinski
Martin Caffrey’, Samuel H. Gellman®, Jan Steyaert>*, Georgios Skinio

G protein-coupled receptors (GPCRs) are responsible for the majority of cellular responses to hormones and
neurotransmitters as well as the senses of sight, olfaction and taste. The paradigm of GPCR signalling is the activation
of a heterotrimeric GTP binding protein (G protein) by an agonist-occupied receptor. The [l adrenergic receptor (l2AR)
activation of Gs, the stimulatory G protein for adenylyl cyclase, has long been a model system for GPCR signalling. Here
we present the crystal structure of the active state ternary complex composed of agonist-occupied monomeric fi:AR and
nucleotide-free Gs heterotrimer. The principal interactions between the f.AR and Gs involve the amino- and
carboxy-terminal a-helices of Gs, with conformational changes propagating to the nucleotide-binding pocket. The
largest conformational changes in the [LAR include a 14A outward movement at the cytoplasmic end of
transmembrane segment 6 (TMé) and an e-helical extension of the cytoplasmic end of TM3. The most surprising
observation is a major displacement of the o-helical domain of Gas relative to the Ras-like GTPase domain. This
crystal structure represents the first high-resolution view of transmembrane signalling by a GPCR.
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G-PROTEIN-COUPLED RECEPTORS
(“metabotropic receptors”)

- sites for action of about 45% of drugs

- for slow synaptic transmission (seconds - minutes)
-examples: beta-adrenergic receptors,

muscarinic receptors
- “coupling”:

— G PROTEIN

— EFFECTOR




metabotropic receptors

' ' G-protein-Coupled receptors are

5 The receptors are monomeric Neurotransmitter binding site
proteins with an extracellular
domain that contains a OC )
neurotransmitter binding site WNEVE
and an intracellular domain that I l l l ll -
binds to G-protein o Y k
§ G-proteins can be thought of as
transducers that couple
neurotransmitter binding to the

regulation of postsynaptic ion
channels.

Ing domain



. G-protein-Coupled receptors are
metabotropic receptors

These receptors do not have
lon channels as part of their
structure; instead, they affect
channels by the activation of
Intermediate molecules
called G-protein

The ion movement through a
channel depends on one or
more metabolic steps. So G-
protein-Coupled receptors G-protein -~
are also called metabotropic
receptors

Neurotransmitter |
bmds

Ne otrans -
 mittet

Effector protein

Ions flow
across

o i
Ntra Ce\.\\l\'ﬁ

A

_ T G-protein subunits or

:5,

. G-protein is
| activated intracellular messengers
R | modulate ion channels




G-Protein-coupled Receptors

§ Hundreds of types

& Main signal transducers
 Activate enzymes
* Open 1on channels

« Amplify:
— adenyl cyclase-cAMP
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Many neurotransmitter receptors are
G-protein-Coupled receptors

s M-AChR

§ MGIUR

§ GABASR

§5-HT,,R (except 5-HT;R)
S DAR
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G-PROTEIN-COUPLED RECEPTORS
(, metabotropic receptors®)

RECEPTOR
G PROTEIN - trimer, 3<, &~, @ subunits

< subunit: GDP-GTP, GTPase aktivity
stimulation (Gg) , inhibition (G,) of the effector

EFFECTOR



G-PROTEIN-COUPLED RECEPTORS
(““metabotropic receptors™)

RECEPTOR
G-PROTEIN
(7p)
SDJ .....
adenylyl Cyklase S cAMP > g
i
ENZYM i
EFFECTOR phospholipases C _)IP3, DAG AAAAAAAAAAAAAAAAAA > g
‘ AAAAAAAAAAAAAAAAAAAAAA >

IONCHANNEL ., > /
Ca**release

Activation/inhibition of cellular functions
eg. contractile proteins, enzymes, transporters, ion channels
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G protein can open ion channels directly
without employing second messengers
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G protein can open ion channels indirectly

with employing second messengers

S-type K* channel

5-HT-R (except 5-HT;-R)




One signal Signal molecule binds to

G protein- = molecule G protein-linked receptor,
coupled o Adenylyl which activates the G protein.

receptor cyclase
G protein turns on adenylyl
cyclase, an amplifier enzyme.

AP €)
Adenylyl cyclase converts
ATP to cyclic AMP.

G cAMP activates protein
kinase A.

e Protein kinase A phosphorylates
other proteins, leading ultimately

to a cellular response.

Protein
kinase H

Phosphorylated—Q Q@ QOO 000
— 999000 000000 0000 00

cell | H H f"\ H

response @ @ @

000 OO OO O0E DO EEE 9990900 2000
| @© e 00 @€ YOO @@ 3 303 D9
0¢0 O O0OC QOO QR OO WO Q00900 Q00
¢0 000 €0 0O© 00 0O 23 3093 P
0C0 CO C0C GO0 CR OODE 29990 000



A depiction of how GPCRs activate signaling




Another depiction of how GPCRs activate signaling

Ligand + GPCR— GPCR* — GPCR*aBy

|

o+ Py
signaling signaling

GPCR G-protein coupled receptor
o3y Heterotrimeric GTP-binding protein (G protein)



Adenylate cyclase

adenylyl NH
cyclase AL
N _.--"".-J;::':'_-._
ACH, O
K A
) cAN

Membrane protein
makes CAMP from ATP



Three major families of G-proteins

couples to Adenylate Cyclase
stimulates AC activity
Increases CAMP

activates Protein Kinase A

couples to Adenylate Cyclase
Inhibits AC activity
decreases CAMP

Inhibits Protein Kinase A

couples to Phospholipase C
Increases diacylgyclerol(DAG)
Increases IP3

Increases intracellular Caz*
activates Protein Kinase C




G-protein Receptor examples Signaling pathway

Gs B-adrenergic receptor
ACTH receptor TCAMP .
FSH receptor PKA activity
Gi a,-adrenergic receptor lCAMP N
M2 muscarinic receptor PKA activity
Gq a,-adrenergic receptor PLC activity
M1, M3 muscarinic receptors T DAG, IP3
Angiotensin receptor Ca?*

PKC activity



Same receptor, same signaling pathway, produces specific
effects in different tissues

B1-adrenergic receptors acting on skeletal muscle:

AC 1t cAMP 1PKA 1 phosphorylase kinase ¢ glycogen phosphorylase

glycogen —glucose 1-phosphate

B1-adrenergic receptors acting on cardiac muscle:

AC TcAMP ' PKA T L-type calcium channel ¢+ calcium influx
I

contraction




G Protein-linked
Receptor

lorn Channels
Pi3kK
Phospholipases
Adenylylayclases
Receptor Kinases

GTP GTP GTP GTP
len Channels Increase cAMP Increase DAG Activates
Inhibition cAMP 18 Rho

Phospholipates



(B) G-protein-coupled receptors

(A) Ligand-gated ion
) : 3 R =

Neurotransmitter

binds

’ L
Neurotransmitter
binds

Ions flow
across
membrane

‘ éq T ¥

Inside cell

G-protein—"

G-protein subunits or
intracellular messengers
modulate ion channels

Ions flow
across membrane

G-protein is
activated

—_—




..> Distinguishing properties of ionotropic

! receptors and metabotropic receptors

lonotropic receptors metabotropic receptors
Multimers monomer
forms an ion channel do not have ion channels

Rapid postsynaptic effects slow

(ms) (seconds to minutes)

Need not G-proteins need G-proteins

Rapid behavior (stretch reflex) Modulate neural circuitry
mediated behavior




Receptor Enzymes (Enzyme-linked receptors)

Signal molecule binds
to surface receptor

activates

Cell 'L

membrane o
Tyrosine kinase on

cytoplasmic side

Active binding site l

- : Phosphorylated
ATP + protein

+ ADP




Subfamilies of Receptor Tvrosine Kinases

immunoglobulin-

: like domain
cysteine- |

rich
domain

[

fibronectin-type lll-
like domain

tyrosine B
kinase ‘insert
domain region
S
EGF insulin NGF FGF Eph

receptor receptor, receptor receptor receptor
IGF-1 PDGF

receptor receptor, VEGF
M-CSF receptor

receptor

Figure 15-49. Molecular Biology of the Cell, 4th Edition.




The tyrosine kinase pathway differ from G
protein-coupled receptors in two way

§ 1.They span the membrane only once.

§ 2.Their cytoplasmic domain contains a
protein kinase activity that
phosphorylates proteins on tyrosine
residues.
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