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Neuron-neuron communication
— the synapse

e Neurons use
neurotransmitters
to communicate




lonotropic Neurotransmitter

Receptors
. i » Ligand gated ion
.. e @ Neurotransmitter Channels
e Fast neurotransmission
— Inhibitory

@
lons flow
across membrane

Neurotransmitter
causes chloride influx
and hyperpolarization

— Excitatory
Neurotransmitter
causes sodium influx
and depolarization



Metabotropic Neurotransmitter
Receptors
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— Activates intracellular
enzyme systems to
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second messenger

A \/' opens
2 G-protein subunits or Tons * SlOW
intracellular messengers '

modulate ion channels n e u rotrans m |SS | O n —_
neuromodulation

Effector protein I X

res——
A [ons flow
IS across
il ) nwmhrmwl;




Summary - Neurotransmission

A comparison of direct and indirect neurotransmitter actions.

]
™ Direct neurotransmitter action

M Inhibitory synaptic transmission
- between two neurons.

Acetylcholine indirectly opens potassium
channels in cardiac-muscle cells.

M Norepinephrine promotes the activation
- of voltage-dependent calcium channels

in cardiac-muscle cells



Neurotransmitter Families
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C3I' BIOLISENDIC anidINES
Acetylcholine (CH 3N — CH.,— CH.— O — & — CH, A TECHOLAMIMNES
ARSI A CTIDS Dopamine CHy — CHa— NH4
+ H
Glutamate Hjl\]_? —
CHS Lz
] OF
CH,
LT H
+ H Morepinephrine CH,— CH,— [‘:JHJ
Aspartate B —— ,-_'—_~ — oo
CHa HCY
OH
Lo |
OH
GCABA H N — CH, — CH, — CH, — OO0 Epinephrine cET q:.:Hz—ri.u—Iz
Oy —Ha
L] o
+ H
Glycine HaN — © —— OO
E‘I INDOLEAMINE HO &
22— CH,— MNH;
Serotonidmn (5-HTH
PURINES NH, ™
ATP il
/ TR
(= (= o |
l . II ,-,/—J IDATCAFTOLEAMINE
e s e L S e A e e o - =
e s Rt Fristamine [——TSH:—cH,— R,
L [ = H™ I
B H T
OH OH

FPEPTIDE NMEUROTRAMSMITTERS (more than 100 peptides, asually 330 ammino acids bomng )

Exarmple: Methionine enkephalin {Tyr—Glw—Gly—Plwe—MAdet)

o o o o o
Y = | H = il = = 1] H = il H iz il :
CH FL = CH, ci:a—:?
CH
1
S
1
O CH

Twr Sl Sl Phee Bt



GABA

inhibitory NT, discovered by
Eugene Roberts in 1950

predominately in interneurons aaanag ST
i Sil@
synthesized from glutamate Picrotoxin channel

GABA receptors: e
— GABA,: lonotropic control of a  gasiturate

ClI- channel (IPSPs) site A"’L AN g‘:;““‘““““"'
— GABA;: Metabotropic control — —
of a K* channel (IPSPs) + - 1 -~
— GABA_: Metabotropic control |
of a Cl- channel (IPSPs)

Steroid
sife




« Although GABA is usually termed as an inhibitory
neurotransmitter, because the CI- equilibrium (20 vs 110
mM) IS more negative than the resting cells, In
embryonic neurons the intracellular Cl- is increased
substantially (80-120 vs 110 mM)

e Thus in embryonic neurons, GABA can cause strong
depolarization

 The switch to a “mature” neuron phenotype is mediated

by the KCC2 K+ CI- cotransporter which lowers internal
Cl-



Synthesis of GABA

C?OH
Glutamate

NH,CHCH,CH,COOH

SGlutamic acic

decarboxylase
(GAD)
Y
GABA NH,CH,CH,CH,COOH

Neuroscience — Exploring the Brain 2" Edition 2001 by M.F. Bear, B.W. Connors & M.A. Paradiso. Lippincott, Williams &
Wilkins, Baltimore MD, USA. ISBN: 0683-30596-4



Enzymes of GABA metabolism

Glutamic Acid Decarboxylase
GABA-Transaminase
Succinic Semialdehyde Dehydrogenase

GABA synthesis represents a shunt of the TCA cycle
— 8-10% of glucose carbon is funneled through the GABA shunt

LI'ZI}NH D LI'ZI}{I'_I:I D

HO—-C—-CHCH.CH. C: OH HO—C—-CCH.CH. l: OH

Glutamate GABA-T o-Ketoglutarate
l HEEH CH. l.‘: oH Krebs cycle

Succinic semialdehyde

- SSADH
GHECHEEHEC OH
y-Aminobutyric acid iﬁ? ﬂﬁi
(GABA) HO-CCH,CH.C-OH — &

Succinic acid



Cartoon of a GABAergic synapse

Gilutamate

synthase
\

Giln —— Gl

e — GABA-T

GABA
Gilial cell

Glutaminase

\"Gln \ ~— I

Presynaptic elemant

Vesicular
transporter

Plasma mambrane

transporter GAT Fundamental Neuroscience 1999 by M.J. Zigmond, F.E. Bloom,

S.C. Landis, J.L. Roberts & L.R.Squire. Academic Press, San
Diego CA, USA. ISBN: 0-12-780870-1

Regulation of inhibition is important:

Too much - loss of consciousness

Too little - seizures may occur



The GABA-ergic Synapse
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GABA receptor heterogeneity

Isoform Abundance
alp2y2 40%
a2B3y2 15%
a3py2/3 10%
a2pyl 10%
a5p3y2/3 3%
a6py2 2%
a6pd 3%
o4py 2%
o4p28 4%
All other 11%

Location

Most brain areas; hippocampal,
cortical interneurons, cerebellar
Purkinje cells

Spinal cord motoneurons,
hippocampal pyramidal cells

Cholinergic, monaminergic neurons

Bergmann glia, thalamus,
hypothalamus

Hippocampal pyramidal cells
Cerebellar granule cells

Cerebellar granule cells

Cortical, hippocampal pyramidal cells;

striatum

Thalamus, dentate granule cells

Throughout CNS

Pharmacology/property

Common coassembly; BZ-typel; Zn-insensitive

BZ-type II; moderately Zn-sensitive

BZ-type Il, abecarnil-sensitive

BZ inverse agonist-enhanced
BZ-type Il, zolpidem-insensitive, moderate Zn-sensitivity

BZ agonist-insensitive, moderate Zn-sensitivity

Insensitive to all BZ, GABA high affinity high Zn-sensitivity
steroid-insensitive

BZ agonist-insensitive, low steroid sensitivity

Insensitive to all BZ, GABA high affinity high Zn sensitivity,
steroid-insensitive



GABA, Receptors

(A)
Benzodiazepine

e a postsynaptic
lonotropic receptor
Increasing ClI- -
conductance o
across the
postsynaptic
membrane.

e similar structure to
that of the Prratosin
pentameric NAChR BB
receptor i

j 2~ Barbiturates



GABA, Receptor Structure
(/

* Heteropentameric glycoprotein
of closely related polypeptides
(50-60kDa)

« Each GABA, receptor subunit
contains 4 TMDs with the M2
domain forming the walls of the
channel pore

 The amino terminus of each
subunit is extracellular and the
Intracellular loop between TM3
and TM4 contains sites of
protein-protein interaction as
well as phosphorylation




GABA,
receptors

COOH Extracellular

Intracellular




GABA, R subunits

over 20 different GABA, R subunits cloned

expression of the subunit isoforms
developmentally and regionally
controlled.

properties of GABA receptors depending
on the individual subunit isoforms

differences in gating, regulation and
ligand binding to the receptors they form

- 30% |dantity ——
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GABRA1
5q34-q35

GABRAZ2
4piapi2
GABRA3
Xq28
GABRAS
15q11.2-q12

GABRAG6
5031.1-635

GABRA4
dpli-gi2
GABRG1
apid-ge1,1
GABRG2
5031.1-g33.1

GABRG3
15q11.2-q12

GABRE
Xq28
GABRB1
4pidpi2
GABRB3
15011.2-912
GABRB2
5034-035
GABRR1
Bgld-g 21
GABRR2
Bqid-g21
RHO3 (no human)

GABRD
1p36.3

GABRP

GABRQ
¥o28

GLRA1
5q32

GLRA3
4q33-34

GLRAZ
Xp22.1-p21.2

GLRB
40313



Expression of GABA ,
receptor subunit mRNAS In
selected regions of the
embryonic and postnatal rat
brain

(Laurie et al. 1992)




Distribution of GABA, Rs on cerebellar

granule cells
|
2
% GE0ig
farrmin rf"rri'u"'.-
GABA GABA glutamate
e s g Boi e
ard & or . mossy
Granuwe cell iePants gendnta 5 filarg
sorna _;h fevrmitrral
1 Pl ey tf
= §| alulamate
GADA z

..||'.'||:5||'

r.l.a-r.'

Nusser et al. J. Neurosci. 18, 1693-1703, 1998




The GABA, receptor - a target
for drug action

GABA
Benzodiazepine

Barbiturate

Ethanol

GABA-gated CIT channel
(GABA , receptor)

Neuroscience — Exploring the Brain 2" Edition 2001 by M.F. Bear, B.W. Connors & M.A. Paradiso. Lippincott, Williams &
Wilkins, Baltimore MD, USA. ISBN: 0683-30596-4



Agonists and Antagonists

HORMONE OR
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.,., ’ﬁm e Agonists

— Structurally similar to
AGONIST neurotransmitter to

\ activate receptor
W o P

KLk r

* Antagonists
o — blocking receptor
— Diverse structures

% ) often unrelated to

i ;-"'
gﬁmﬁ neurotransmitter
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1. Agonist/Antagonist Site

 Muscimol: a naturally occurring
GABA analog isolated from the
psychoactive mushroom Amanita
muscaria and a selective GABA,
agonist

e Bicuculline: a competitive
antagonist and a convulsant.

CH, HN o

0 TS HO — C
{ {
—N —N | |
HO HO NH

Muscimol THIP Isoguvacine



2. Picrotoxin site

N e Picrotoxin: a non-
o ' competitive GABA
antagonist

« a channel blocker, causing
a decrease In the mean
open time of the channel

e also Inhibit some forms of
the GlyR




3. Benzodiazepine (BDZ) Site

CHy CHy H O
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GABA binds at the interface
between o and 3 subunits

BDZs bind at the interface
between o and y subunits

Anxiolytic, sedative, hypnotic,
antiseizure and muscle
relaxants

antagonists or inverse agonists




4. Barbiturate binding site

examples: phenobarbital or pentobarbital

sedative-hypnotic, anxiolytic and anti-convulsant
effects

enhanced postsynaptic responses to GABA by
Increasing the open time of the GABAA receptor
channel

occupancy of this site by barbiturates:

enhanced ligand binding to GABA and BDZ site

and inhibited binding to the picrotoxin site.



5. Steroid hormone binding site

COCH, COCH, COCH;

 Endogenously NS .W- T X .
synthesized
neurosterOIdS (mostly Progesterone 5Il-ITih}'lI:lprnuw-lmrm- .\|||r|.‘|r:i|."l'|.i1llululll:
glial): progesterone -
(PREG), pregenolone ~H 2 o JI
sulfate (PREGS) and M i 1‘ Y
dehydroepiandrosterone =~
Sulfate (DHEAS) Deoxycorticosterone Su=Dihyvdro-DOC THDOC

« enhanced agonist g i - O
binding to the GABA, ub o ‘ S o L
receptor Py ko) — '

H H
Testasterone Sir=Dihy 1In itestosterone i i-Androstanediol
.r,,, - ‘

i)
T
17 Estradial



Other binding sites on GABA, R

 Peniclillin: inhibition of channel opening

« Ethanol: facilitation to channel opening by
binding to specific hydrophobic regions of
the GABA, receptor



GABA, Receptor Desensitization

GABA,, receptor

(Ill}‘f‘lrr’\ Coated pit
|§. f : -
| [ - Clathrin
e
\ AR? adaplor

n Secreton
‘;.} §

J L vesicle ﬂ—)

Cytoskeleton

—— / [ o~ Endosomal system

Nature Reviews | Neuroscience

desensitization by
Internalization

phosphorylation
of GABA
receptors by
PKC, PKA and
several other
kinases to alter
densensitization

phosphorylation
effective on
gating of the
receptor directly



The GABAg receptor

a ‘metabotropic’ receptor
a seven transmembrane domain receptor.
located both pre- and post-synaptically.

2 main effects of activating GABAg receptors: is close Ca?* channels and open K*
channels

Ca?* channel closure - inhibition of transmitter release

K* channel opening - slow IPSP

Baclofen: a selective GABA receptor agonist

2-hydroxy-saclofen: a selective GABA receptor antagonist



CGP 35348

GABA; Receptors

First discovered as
mechanism for
bicuculline-insensitive
Inhibition of release of
other neurotransmitters.

This effect of GABA could
be mimicked by baclofen
but not by muscimol



GABA; Receptor Structure

1) inhibition of adenylate
ll:-)iia?i?r(\jg domain CyC|ase

Extracellular

2) stimulation of
phospholipase A2

3) increase in K+ membrane
conductance

———
ey

4) inhibition of voltage-
dependent Ca*2 channels



GABA Transporters

GABA removal from

Neurotranstmitter is

the Synaptlc Cleft by a synthesized in cell

body or in terminal

sodium dependent

Meurotransmitter

transporter with a high e
affinity for GABA (5-40 Transporter [ Biosymtheti vesicles

e MNeuro-
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transporter (GAT) ﬁ“"”/q ‘

dependent on Neutctransitter
electrical potential mos g
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membrane o
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Neurotransmitter diffuses away
and 15 metabolized and,/or

transported back into terminal
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MNeurotranstnitber
is released when
vesicles fuse
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