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GABAergic Signaling Mediates Most Inhibitory
Neurotransmission in the Adult Brain

* Target of many drugs with anxiolytic, anti-seizure,

anesthetic, and sleep-inducing effects

GABA
(gamma-aminobutyric acid)

* GABAergic deficits underlie neurological and O
neurodevelopmental disorders, such as epileps NH
p pilepsy HOJK/\/ 5

* Brief overview of GABAergic system with focus on
GAT-1



Synaptic GABAergic Responses Are Mediated by
GABA, Receptors
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GABA Currents Can Be Synaptic and Extrasynaptic
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GABA, Receptors Mediate Quick Inhibitory

Jacob et al, 2008
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Neuronal Chloride Determines it GABAA Receptor
Responses Are Inhibitory or Excitatory
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GAT-1 Mediates Re-Uptake of Extracellular GABA
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Figure adapted from: Liefferinge, J. V., Massie, A., Portelli, J., Giovanni, G. D. & Smolders, |. Are vesicular neurotransmitter
transporters potential treatment targets for temporal lobe epilepsy? Front Cell Neurosci 7, 139 (2013).



Many Anti-Seizure Drugs Act the GABAergic System
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GAT-1 and GAT-3 Mediate Re-Uptake of Extracellular
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GAT-1 Transport Cycle and Structure

o g

L Presynapticneuron w

Loaded open-to-out
(Out T, 2Na*, I, G)

£ Inward occluded
open-to-out (InT)

(Out T, 2Na*)

ouTt -, ouT
m % Postsynapticneuron T % ! ; T H?
5 IN Y IN
Unloaded open-to-out ¢£
(OutT)

Unloaded open-to-in
(InT)

Na1 binding site

N66
J GABA

" Is295
N327 qqa?} —/
g““}\

GABA binding site

Y;;Q \/m
Ao=/s396
Nal
GABA
\Qé
Y140

5

Na2 Binding site

CI" binding site

- 3
Y36 . [s33
: N327

5295 @
Nal

Zafar, S. & Jabeen, . Structure, Function, and Modulation of y-Aminobutyric Acid Transporter 1 (GAT1) in Neurological

Disorders: A Pharmacoinformatic Prospective. Front Chem 6, 397 (2018).




GAT-1 Predominantly Expressed in Neocortex,
GAT-3 Expression High in Thalamus
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GAT-1 Knockout Mouse Has Seizures and
Other Disorders

e GAT-1 knockout (homozygote, complete GAT-1 loss)
generated by Istvan Mody’s research group (Jensen et al,
2003)

» Spontaneous absence seizures with spontaneous spike-
wave discharges (Cope et al, 2009)

e Sensitivity to PTZ-induced seizures (Chiu et al, 2005)

* Motor disorders, including gait abnormality, tremor,
reduced locomotor activity (Jensen et al, 2003)

* Behavioral abnormalities, including altered anxiety
(Chiu et al, 2005; Yu et al, 2013; Gong et al, 2015; Lie et
al, 2007; Yu et al, 2013)

 Cognitive deficits (Yu etal, 2013)



Increased Tonic GABAergic Current in GAT1 KO

Hippocampal CA1 pyramidal neurons in P15-25
A s Mice
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Increased Tonic GABAergic Current in GAT1 KO

Hippocampal CA1 pyramidal neurons in P15-25
A s Mice
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Increased Cortical GABA Levels with KC|
Stimulation in GAT-1 KO
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Normal Spontaneous Synaptic Currents in Hippocampal
Pyramidal Neurons

sIPSC in CA1 pyramidal neurons
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Increased Frequency of Miniature IPSCs in Hippocampus
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Normal spontaneous synaptic events in GAT-1 KO

sIPSCs in layer 2-3 pyramidal neurons
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Evoked GABAergic Currents Take Longer to Recover in
Cortex

elPSCs
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Evoked GABAergic Currents Take Longer to Recover

sIPSCs in layer2-3 pyramidal neurons
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Mutant Variants of SLC6A1 Are Pathogenic

SLC6A1-related
neurodevelopmental disorders
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MAE=myoclonic atonic epilepsy
£ £ CAE=Childhood absence epilepsy
% NDD=neurodevelopmental delay

Knock-In Mice Used to Study Slc6a1/%%8V and
Slc6al1°22>L Patient Mutations
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Knock-In Mice Used to Study Slc6a1/%%8V and
Slc6al1°22>L Patient Mutations

A288V: MAE, CAE, autism
S295L:NDD, CAE

£ £ CAE=Childhood absence epilepsy
% NDD=neurodevelopmental delay

MAE=myoclonic atonic epilepsy fCOOH
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In Heterozygotes

e Absence seizures
* Reduced motor activity



Reduced GAT-1 Expression in Slc6a1*/A288V and
Slc6a1*/5295L Mice

Reduced GAT-1 Expression in Slc6a1/A288v Mice
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Reduced GABA Uptake of GAT-1(A288V) and
GAT-1(S295L) in HEK Cells
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Reduced GABA Uptake in GAT-1 Variants
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Spontaneous Synaptic Events in Slc6a1529°L/5295L
Mouse Cortex: Decreased Event Frequency

sIPSCS in Layer 6 Cortical Pyramidal Neurons
Amplitude Decay
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Normal sIPSCs in Thalamus of Slc6a1+/529L

sIPSCs in ventrobasal thalamus of 1 month old mice
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Tonic Current in Slc6a15295/5295L Mouse Cortex

Tonic Current in Layer 6 Cortical Pyramidal Neurons
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Tonic Current in Slc6a1*/5295 Mouse
Ventrobasal Thalamus
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Summary

* GAT-1 is one of the primary GABA transporters in CNS

* GAT-1 KO mice:

* Spontaneous absence seizures
* Increased tonic GABAergic current
* Some alterations in synaptic events

e Slc6a17%88Y and Slc6a1°%°> knock-in mice:

* Based on dominant DEE patient variants
Spontaneous absence seizures in heterozygotes
Reduced GAT-1 expression

Reduced GABA uptake

Normal tonic current in VB thalamus and cortex (L6)
Normal amplitude of thalamic and cortical synaptic events
Reduced frequency of sIPSCs in cortex (L6)

Figure adapted from: Liefferinge, J. V., Massie, A., Portelli, J., Giovanni, G. D. & Smolders, |. Are vesicular neurotransmitter
transporters potential treatment targets for temporal lobe epilepsy? Front Cell Neurosci7, 139 (2013).



Future Directions: How is GABAergic neurotransmission
altered in Slc6a172%8V and Slc6a1>%°~ mice?

* Conditions in which GABAergic uptake deficiency is detected

* elPSCs/mIPSCs, animal age, brain region

Measure changes in evoked IPSC kinetics in
Slc6a1*/52%5 mice

Stimulate layer 4

Record evoked response in
layer 2 pyramidal neuron

Work by Bragina et al, 2008
suggests that GAT-1 loss in GAT-1
knockout mouse increases decay

of evoked events in cortex.
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