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Cloning of a glutamate receptor

Cloning by functional expression of a member
of the glutamate receptor family

Michael Hollmann, Anne 0’Shea-Greenfield, Scott W. Rogers

& Stephen Heinemann

Molecular Neurobiology Laboratory, The Salk institute for Biological Studies, La Jolla, California 92037, USA

We have isolated a complementary DNA clone by
screening a rat brain cDNA library for expression
of kainate-gated ion channels in Xenopus oocytes.
The c¢cDNA encodes a single protein of relative
molecular mass (M,) 99,800 which on expression
in oocytes forms a functional ion channel possess-
ing the electrophysiological and pharmacological
properties of the kainate subtype of the glutamate
receptor family in the mammalian central nervous
system.

Recently, a G protein-coupled glutamate receptor representing
a fifth class with a very different mechanism of action has been
identified”. The fact that the subtypes show differences in their
distribution in the brain’ indicates that they represent distinct
gene products with unique structures and functions.

Despite the prominent part these receptors play in normal
synaptic transmission as well as in neuronal plasticity, their
molecular characteristics have remained elusive, mainly because
of a lack of ligands that bind irreversibly and with high
specificity. Conventional biochemical approaches to the isola-
tion of these receptors have so far either not succeeded in
progressing beyond crude receptor solubilization, as is the case
for the NMDA?® and quisqualate” subtypes, or have resulted in
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Expression Cloning of the glutamate receptors

1. Prepare Rat brain mRNA extract

2. Prepare cDNA libraries
3. Inject large pools of cDNAs and measure glutamate gated

currents
4. Refine pool until you get a single clone responsible for

the glutamate response
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Expression Cloning of the glutamate receptors

Total rat brain mMRNA
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Structure of glutamate receptors

Four Genes Code For AMPARs (GluA1-4).
A functional AMPAR is made of four subunits (tetramer).
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Structure of the AMPA receptor

Structure of the GIUA2 homo-
tetramer

-Y-Shaped with three major
domains (ATD, LBD, TMD)
arranged in layers

- Overall two-fold axis of symmetry
perpendicular to membrane plane

- ATD dimer has two fold axis of
symmetry ~24° off main axis

- LBD dimer has two fold axis of
symmetry ~19° off main axis

-lon channel domain with four fold
axis of symmetry

-ATD: Amino Terminal Domain
-LBD: Ligand Binding Domain
-TMD: Trans Membrane Domain

bk i Sobolevsky; Rosconi & Gouaux, Nature 2009



AMPA receptor gating
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AMPA receptor subunit composition - biophysics
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AMPA receptor subunit composition - pharmacology
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All functional AMPA receptors on CAl pyramidal
cells contain the GIuA2 subunit.



Different cells have AMPARS of
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Different synapses on the same cell have AMPARS
with different subunit composition

l‘ ‘ Str. lucidum interneuron

Dentate gyrus CA3 pyramidal cells
granule cells

EPSC amplitude

Toth and McBain, J. Physiol.500:41-51, 2000



What determines the time course of the EPSC?

Desensitization Deactivation
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Deactivation is the primary determinant of EPSC time course

Koike-Tani, et al., J. Neurosci.2005



Different AMPAR-mediated synaptic currents
have different kinetics
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Different kinetics are mediated by different
AMPAR subunit composition
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Genetic dissection of AMPA receptor subunit
composition (hippocampal pyramidal cells)

PO injection of AAV-
CRE GFP
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Genetic dissection of AMPA receptor subunit
composition (hippocampal pyramidal cells)
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Floxed-GIUA1A2A3
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AMPAR Composition at

Synapses Extrasynaptic membranes Why is GIUA1A2 and GIuA2A3

expressed in the same cell?

1. Have different kinetics.
2. Proposed to have different
trafficking rules.

GIluA1A2 B GIuA2A3 B Undetermined

Lu, et al., Neuron (2009)



lon channels and neuronal

Voltage gated

Doyle et al. Science 280:69-77, 1998
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Stargazin (y-2) and AMPA receptor trafficking

Letts,V.A. et al.
Nature Genetics (1998)
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Superfamily of tetraspanning membrane proteins

Transmembrane _ _ _
AMPAR Tight junction
Regulatory \ proteins
Proteins

TARPs
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Role of TARP y-8 in AMPAR trafficking in hippocampus
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TARPs control gating and pharmacology

of AMPA receptors

Heterologous GluR1 AMPARs

Deactivation Rise

— GIuR1 alone
— GIuR1 +y-2
— GIuR1 +v—4

2 ms 0.5 ms Milstein et al.,
Neuron, 2007
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Assaying the presence of TARP/AMPAR
association in neurons

HEK cells expressing GluAl
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AMPARS in all neurons tested are associated with TARPS
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NMDA receptor subunits and properties

NR2 NR1

t=4s
NMDARSs are heterotetramers
GIuN1- essential
GIuN2- GIuN2A
GIluN2B
GluN2C
Cull-Candy and Leszkiewicz, Sci. STKE 2004 (255)

GIuN2D



Developmental switch of NMDAR subunit composition
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A molecular dissection of the postsynaptic density

~1,000 Receptors
Scaffolds
Adhesion proteins

Cytoskeleton
Signaling
proteins

Agonist = overexpression
Antagonist = gene deletion/RNAI




Membrane Associated Guanylate Kinases (MAGUKS)
Synaptic scaffolding proteins
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MAGUKSs are important

Triple knock down (PSD-95, PSD-93 and SAP102)
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How do MAGUKSs traffic glutamate
receptors?



Synaptic AMPA receptor trafficking - Three steps.




Synaptic targeting of AMPARSs via TARPS
(on a GIuUA1A2AS3 triple floxed background)
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Synaptic targeting of NMDARSs
(on a GIuN2A/2B double floxed background)
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A molecular dissection of the postsynaptic density

~1,000 Receptors
Scaffolds
Adhesion proteins

Cytoskeleton
Signaling
proteins

Agonist = overexpression
Antagonist = gene deletion/RNAI




Neuroligins/neurexins bridge the synaptic cleft

Presynaptic Terminal
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@ Neuroligin1 (NLGNT1)
@ Neuroligin2 (NLGN2)
& Neuroligin3 (NLGN3)
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Neuroligins/neurexins are sufficient for synapse formation
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