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‘3’ and Receptors

> telease of neurotransmitter by a presynaptic cell and the detection and response
postsynaptic cell

learn the specific mechanisms of the principal neurotransmitters, to introduce
h on physiological role now, explore in later lectures in more depth.

tivates ligand-gated ion channel receptor

ds to G-protein coupled receptor to activate a chemical signaling cascade




ahsmitter structures

jon: glutamate, GABA, glycine, acetylcholine
n and vesicular transport
1d degradation
ems
agonists and antagonists
on

catecholamines, serotonin, histamine, neuropeptides
of G-protein signaling
yolism and vesicular transport
e and degradation
or systems, coupling, downstream targets
gy agonists and antagonists




r neurotransmitters

SMALL-MOLECULE NEUROTRANSMITTERS

o
Acetylcholine (CHy),N — CHy— CH,;—O— C— CHy.

PEPTIDE NEUROTRANSMITTERS (more than 100 peptides, usually 3-30 amino acids long)
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classifying neurotransmitters
nsmitters have fast and neuromodulatory modes

ome exclusively one type or the other

eptors

Modulatory mode: G-protein coupled receptors
(metabotropic receptors)
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‘otransmission, simplified

Metabolism and vesicular
transport

Reuptake and degradation
\ Receptor systems
S Pharmacology: agonists
\‘ and antagonists for study
® 2 and therapy
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Molecular diversity of glutamate receptors:

3 types, based on sensitivity to pharmacological

(©) agents: AMPA, kainate, N-methyl d-aspartate
Receptor A - Kainate (NMDA)
Calbinite - Glurs AMPA: homotetramers or heterotetramers
(combi- assembled from Glu R1-4 subunits
nation of _ Glu R6
‘rle(;x?re d NMDA: heterotetramers that contain an NR1
for each subunit, and a subunit from the NR2 family
receptor
el _ KA2  Kainate: heterotetramers containing subunits from

the KA1,2 family, and from the GluRS5-7 family
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Dr functional diversity
F ng of subunits (see GABA receptors for examples)

|

erated by alternative splicing, editing

Flip and flop splice forms
desensitize at different

. rates, both have rapid
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NMDA receptors

Glutamate

Glycine
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rs are calcium permeable

Glutamate

Glycine

Mg2+
binding
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dunessenger that plays




AMPA, glutamate
: CNQX, NBQX

inic acid, glutamate

1st: CNQX

‘yvom‘__‘ Iutamate, aspartate, NMDA
agonists: D-APV, D-AP5, MK-801, Ketamine,
| _ Phencyclidine, (Mg*)




ntors are physically tethered at synapses and
signaling molecules

(E) NMDA-R RTK

; eceptors interact with GRIP, SAP-97 and others

eability of glutamate postsynaptic complexes is a




Inhibitory neurotrans-
Inhibitory GABA  mission prevents
presynaptic neuron ey citation of the post-

/m synaptic neuron
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Whereas g principal excitatory neurotransmitter, GABA is the principal inhibitory

neurotra i n ain

|

GABA
Presynaptic breakdown

A typieal GABA =
presymnaptic terminal

COO

id &émbﬁx‘ylase.
phosphate

GABA Postsynaptic cell
receptors




GABA synthesis
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¢, reuptake

¢ 1s the major mechanism

plasma membrane transporters
AT-3, BGT-1
BGT-1 in kidney but may also be in brain

out in

1 GABA

2 Na+
1 Cl-
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3 A synthesis, release, reuptake, degradation

O NH, th ‘ﬁ O ﬁ
J Glutamate o-Ketoglutarate
nelenzyme GAD GABAT
. . GAD
aptic vesicles
jepolarization TH ) o : -
Eils 'termlnal CH,CH,CH,C — OH HCCH,CH,C—OH KREB cycle
ing into -Aminabutyric acid Succini semialdehyds
{GABA)
SSADH
ells,
sferred to HO—CCH,CH,C—OH
T Suecinic acid
.' ab-k- amate and Figure 7-8. The GABA shunt. This metabolic pathway traces the synthesis and

degradation of the neurotransmitter pool of GABA. GAD, glutamic acid decarboxylase:

: GABA-T, GABA transaminase; SSADH, succinic semialdehyde dehydrogenase.
d back into nerve yde dehydrog

erves as precursor for =~ ssaer

ACAA = ks
/ - .
s ADAA
/= Astrocyte ”
GABA —# 55A — Succinate process
T o _GABAT  SSADH s

-

GABA —* 554 — Sucdnate
9 GABA-T  SSADH
-
-
o -

o-ketoglutarate  glytamate

tnnspm‘l!t*
H” GaBA - ~




ceptors:

transmission mediated mainly by GABA ,
ich are ligand-activated chloride channels.
ABA transmission mediated by so-called GABA-
are a closely-related sub-family of GABA ,

0 utilizes a metabotropic receptor called the
g receptor, described in Neuromodulation section.




Ls ric structure of GABA, receptors
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ceeptors belong to the ‘ligand-gated ion channel superfamily’, which also includes
Icholine receptors, glycine receptors, and the 5-HT, serotonin receptor. Fine
gtion of tﬁi@\receptor class will be covered in more detail in the acetylcholine

s
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ceptors are heteromultimers

subunits

-Alpha (1-6)

-Beta (1-4)

-Gamma (1-4)

— y2 -delta, epsilon, pi, theta

-Rho (1-3) - make up the GABA,
receptor

]

Potentially ds of different subunit
combih-ations, or subtypes. Which really

! v, \ Subtype Relative abundance L ion and putative function
OCC \ 1C D1 ain? : in rat brain (%)

R.M. McKernan and P.). Whiting — GABA  -recepter structure

TABLE |. Distribution of the major GABA ,-receptor subtypes in the rat brain

‘ 3 alB2y2 Present in most brain areas. Localized to interneurones in hippocampus and
. cortex, and cerebral Purkinje cells

Ab 0 NCS Arec pre a2p213y2 Present on spinal cord motoneurones and hippocampal pyramidal cells

a3Bny2/y3 Present on cholinergic and menocaminergic neurones where they regulate ACh
and monoamine turnover

a2fBnyl Present on Bergmann zlia, nuclei of the limbic systems, and in pancreas
aSB3v2y3 Predominantly present on hippocampal pyramidal cells

wbBy2 Present on cerebellar granule cells

abBd Present on cerebellar granule cells

a4pd 3 Present in thalamus and hippocampal dentate gyrus

Other minor subtypes 3 Present throughout brain

Location and function are listed where these have been investgated, and are not comerehensive. Other minor subtypes include ot | a6Bv2, ala3py2.
«2a3Bv2 and «5Bv28 subtypes and are represented together as a small population.




significance of this receptor diversity?

t combinations (receptor subtypes) confer different functional

ow the receptors to do different jobs
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terminal

Wostsmaptlc . . H\

membrane
itization a1B2y2 are suited for phasic activity and high GABA
ensitiyity and lack of desensitization allows a[3,0 to
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l cerebellar granule cells, showing both
e trasynaptic GABA responses

Phasid,synaptic
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Inhibitor of all GABA ,
receptors, eliminates
both phasic and tonic

responses, showing that
are both GABA




ceptor tethering at the synapse

eins that are important for GABA , receptor
¢ been proposed, principally ‘gephyrin’,
ng mechanism 1s not well characterized.




$

or pharmacology

competitive
competitive
mixed competitive, non-competitive

open channel block
open channel block
non-competitive

S, ¢ oids (high concentrations)

\ hines

\e )
R

psteroids (low concentrations)

i@nists-are important research tools, but not
ABA receptor enhancemeat, but not direct
TStapeutica ly in neurology.
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‘5' ABA synthesis, release, reuptake, degradation
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Fiaure 7-11. Synthesis and metabolism of the neurotransmitter pool of glycine. Sering (ser)

GCS: glycine cleavage system
Consists of 4 proteins

T protein
protein
H protein
P protein




; ransmission: receptors
sla neurotransmitter in its own right
MDA receptor co-agonist role

ceptor, ligand-gated 1on channel
gceptors, homologous to GABA

\ . o homomers in early development, a3 heteromers in
\\ pinal cord inhibitory transmitter
- | \
\Retinal, brainstem as well

feric ’?&gulators used as drugs
itive antagonist

s in glyR found in startle disease;hyperekplexia,

o
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N\ic ont accetylcholine receptors

Fast ACh neurotransmission utilizes ligand-gated ion channel superfamily
receptors sensitive to nicotine, hence called nicotinic ACh receptors

(A) (B) ©)

Inside
) cell

Muscle nAChRs: 2a., B3, €, 0 subunits in the ratio of 2a.:3:€:0
Neuronal nAChRs: 3a.:2[3 or o, homomers
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