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ABSTRACT

Synapsin Il (SYN II) is a member of the synapsin multigene family (I, Il, 1) synaptic vesicle proteins with functions in the regulation of the neurotransmitter release apparatus. Genetic mapping analysis identi-

fied variations in the SYN Il gene as significantly contributing to epilepsy predisposition. Indeed, genetica
hood, but the cellular and network mechanisms that lead to these seizures remain unknown. In line with t
leptiform activity we investigated the inhibitory neurotransmission in adult hippocampus slices from SYN

ly modified mice, in which the SYN Il gene was deleted, start displaying severe seizures in adult-
ne theories suggesting an impairment of synaptic and network inhibition as a mechanism of epi-

| KO mice. Patch-clamp recordings from dentate gyrus granule neurons showed that tonic inhibi-

tion was almost absent in the SYN Il KO mice, while phasic inhibition remained unchanged. Tonic inhibition in the DG is mostly driven by extrasynaptic GABAA receptors containing the & subunit. Perfusion
of SYN Il KO slices with THIP, (4,5,6,7-tetrahydroisoxazolo[5,4-c]pyridin-3-ol), a selective GABAA receptor agonist with a preference for 6 subunit containing GABAA receptors, restored the tonic current to
WT levels, suggesting that the absence in tonic inhibiton is due to impairments in GABA release. Next, we analysed the effect of tonic inhibition on epileptiform activity in acute hippocampal slices treated
with the epileptogenic potassium channel blocker 4-aminopyridine (4-AP). For this we used the high-density microelectrode array APS-MEA in order to have a more detailed view of the network epilepti-
form activity. In the presence of THIP the reduction of cortico-hippocampal network epileptiform activity was significantly enhanced in the SYN Il KO slices. In conclusion, the absence of tonic inhibition in
the hippocampus of SYN Il KO mice as a probable result of a malfunction of the GABA release apparatus represents one of the factors that lead to seizures in these mice.
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Figure 1. Tonic inhibition is absent in the hippocampus of SYN Il KO. Examples of
whole-cell patch-clamp recordings from DG granule neurons in the presence of CNQX
(10uM), AP-5(50uM) and CGP (5 uM). Tonic current was measured as the change in baseline
current after the application 30 uM Bic. (Down) Tonic current was 40.45+8.4 pA in WT as
compared with 3.93£1.1 pA in KO (5neurons/3 animals each; p=0.0026)
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Figure 3. Tonic current induced through pharmaceutichal activation of extrasynaptic
GABA receptors is unchanged between WT and KO DG neurons. (Up)Examples of traces
before and after application of 0.5 uM THIP in WT and KO and the respective histograms (in WT
tonic current was 58.14+21.92 pA, in KO 84.6+30.4 pA; p=0.5; data from 7 neurons/4mice in WT
and 5 neurons/3 mice in KO). (Down) Effect of THIP on phasic inhibition in WT (black) and
KO(red). Each dot represents one neuron.

Figure 2. Phasic inhibition is unchanged in the hippocampus of SYN Il KO mice. (Up)Traces from whole-
cell patch-clamp recordings from DG granule neurons in the presence of CNQX (10uM), AP-5(50uM) and CGP
(5uM). (Down) Aligned dot plots showing no change neither in the frequency(10.84 + 1.282 HzN=17 in WT
vs 9.596 + 1.405 Hz N=13 in KO; p==.52), nor the amplitude(30.66 = 4.221 pAN=17 in WT vs 24.69 + 3.499 pA
N=13 in KO; p=0.2) of sIPSC between KO and WT neurons. Each dot represents one neuron.
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Figure 4.High density MEA system and cortico-hippocampal slices. (Left) The packaged chip and close-up
of the active area of 2.7 mm x 2.7 mm with 4096 integrated electrodes. (Center) The hardware platform to
manage the chip. (Right) Horizontal cortico-hippocampal slice with the specific regions annoted (DG= dentate
gyrus; CA1, CA3= cornu ammonis 1, 3; Ent=entorhinal cortex; Per=perirhinal cortex)
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Figure 5. Cortico-hippocampal network of SYN Il KO mice is hyperexcitable. Raster plots for 5 minutes of recording showing the epileptiform activity in the WT and SYN I KO
mice. Experiments were done in the presence of 100 uM 4-AP, followed by the addition of 0.5 uM THIP and 30 uM Bic. IC events were present in WT slices only after the addition
of 30 uM biccuculine.
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Figure 7. Frequency of IC is decreased by THIP in the cortico-hippocampal network of SYN Il KO mice.
Histograms depicting the changes in the frequency (up) and the duration (down) of IC events in the cortico-
hippocampal network of WT and SYN Il KO mice. Data are gathered from 3 WT (black), respectively 4 KO (red)
mice.
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Tonic inhibition is absent in the DG granule neurons of SYN Il KO mice

Phasic inhibition in the DG granule neurons is not affected by the deletion of SYN II

Extrasynaptic GABA receptors responsible for mantaining the tonic inhibition in the
DG granule neurons function normally in the SYN Il KO mice
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Cortico-hippocampal network of SYN Il KO is hyperexcitable in the presence of 4-AP

Figure 6. Detailed raster plots and examples of IC events from SYN Il KO mice in the presence of 4AP, THIP and BIC. (Up) Raster plots depicting one IC event in different phar-
maceutical conditions from a cortico-hippocampal SYN Il KO slice.(Down) Traces taken from the same MEA channel and corresponding to the raster plot shown above.

Tonic inhibition reduces the frequency of IC events in the cortico-hippocampal net-
work of SYN Il KO mice



