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Abstract 

Acid-sensing ion channels (ASICs), members of the degenerin/epithelial Na+ channel superfamily, 

are widely distributed in the mammalian nervous system. ASIC1a are highly permeable to Ca2+ 

and are thought to be important in a variety of physiological processes, including synaptic 

plasticity, learning and memory. To further understand the role of ASIC1a in synaptic 

transmission and plasticity, we investigated metabotropic glutamate (mGlu) receptor-dependent 

long-term depression (LTD) in the hippocampus. We found that ASIC1a channels mediate a 

component of LTD in P30-40 animals, since the ASIC1a selective blocker psalmotoxin-1 (PcTx1) 

reduced the magnitude of LTD induced by application of the group I mGlu receptor agonist (S)-

3,5-Dihydroxyphenylglycine (DHPG) or induced by paired-pulse low frequency stimulation (PP-

LFS). Conversely, PcTx1 did not affect LTD in P13-18 animals. We also provide evidence that 

ASIC1a is involved in group I mGlu receptor-induced increase in action potential firing. However, 

blockade of ASIC1a did not affect DHPG-induced polyphosphoinositide hydrolysis, suggesting the 

involvement of some other molecular partners in the functional crosstalk between ASIC1a and 

group I mGlu receptors. Notably, PcTx1 was able to prevent the increase in GluA1 S845 

phosphorylation at the post-synaptic membrane induced by group I mGlu receptor activation. 

These findings suggest a novel function of ASIC1a channels in the regulation of group I mGlu 

receptor synaptic plasticity and intrinsic excitability.  
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1. Introduction 

Acid-sensing ion channels (ASICs) are cationic receptors, members of the degenerin/epithelial 

channel superfamily. In the central nervous system (CNS), ASIC channels are widely distributed in 

neurons, where they form homotrimeric and heterotrimeric complexes of ASIC1a, ASIC2a and 

ASIC2b subunits [1-4]. ASIC1a is the critical determinant of ASIC channel composition in the 

brain, which allows the entry of Na+ and Ca2+ into cells [3,5-7]. Several observations indicate that 

ASICs are located post-synaptically, especially on dendritic spines, although they can be found 

also on dendrites and cell bodies [1,8-10]. It has been shown that ASIC subunits interact with 

scaffolding proteins, such as post-synaptic density protein 95 and protein interacting with C-

kinase-1 [10-12].  

Several studies highlight a role of ASIC1a in different physiological conditions including synaptic 

plasticity, learning and memory, transmission of nerve impulses as well as in pathological settings 

such as ischemia, neuronal injury and epilepsy [8,13-15]. It has been demonstrated that ASICs are 

required for long-term potentiation (LTP) at cortico-basal lateral amygdala synapses, and are 

critical for associative fear learning and memory [16]. On the other hand, the role of ASICs in the 

hippocampus is still not clear [8,13,17,18] and may vary depending on the experimental 

conditions used. Recently, it was demonstrated that ASICs activity is potentiated by group I mGlu 

receptors in the peripheral nervous system [19]. In the light of these findings, we here 

investigated the role of ASIC1a in group I mGlu receptor-mediated synaptic plasticity in 

hippocampus. 

In order to examine the role of ASIC1a in mGlu receptor-dependent LTD and intrinsic excitability 

at the hippocampal pyramidal neurons Schaffer collateral-CA1 synapse we used psalmotoxin-1 

(PcTx1), a selective inhibitor of ASIC1a channels [12,20-22]. We have also investigated the 

underlying biochemical mechanisms involved in the interplay between group I mGlu receptors 

and ASIC1a.  

 

 

2. Materials and methods 

2.1. Slice preparation 

All experiments followed international guidelines on the ethical use of animals from the EU 

Directive 2010/64/EU and the UK Animals (Scientific Procedures) Act 1986. C57BL6/J mice (13-18 
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or 30-40 days old) were killed by decapitation and brains were rapidly dissected out and 

parasagittal hippocampal slices (250-400 m) were cut with a vibratome (VT 1200S, Leica) in cold 

(0 ◦C) artificial cerebrospinal fluid (aCSF) containing (in mM): NaCl 124; KCl 3; MgSO4 1; CaCl2 2 

H2PO4; Na 1.25; NaHCO3 26; glucose 10; saturated with 95% O2, 5% CO2 (pH 7.4), and left to 

recover for 1 h in ACSF at 30 ± 2 ◦C. 

 

2.2. Electrophysiology 

Individual slices were placed in a recording chamber, on the stage of an upright microscope 

(Zeiss, Germany) and submerged in a continuously flowing (3 ml/min) solution at 28 °C (± 0.2 °C). 

Individual neurons were visualized through a 40× water-immersion objective (Olympus, Japan) 

connected to infrared video microscopy (Hamamatsu, Japan). Borosilicate glass electrodes (3–7 

M), pulled with a PP 83 Narishige puller, were filled with a solution containing the following (in 

mM): CsCH3SO3 115; CsCl 10; KCl 10; CaCl2 0.45; EGTA 1; Hepes 10; QX-314 5; Na3-GTP 0.3; Mg-

ATP 4.0; pH adjusted to 7.3 with CsOH or K-Gluconate 135; KCl 10; MgCl2 2; CaCl2 0.05; EGTA 0.1; 

HEPES 10; Mg-ATP 4; Na-GTP 0.3, pH 7.3 with KOH. 

Whole-cell voltage clamp (at −70 mV holding potential) or current clamp experiments were 

carried out with a MultiClamp 700B or Axopatch 200B amplifier (Axon Instruments, Foster City, 

CA), filtered at 1kHz and digitized (10kHz). The excitatory post-synaptic currents (EPSCs) were 

elicited at 0.033 Hz with a glass pipette filled with aCSF, placed in CA1 stratum radiatum to 

stimulate Schaffer collateral fibers. EPSCAMPAR and EPSCNMDAR were obtained in presence of 

GABAA (Picrotoxin 100 μM) and NMDA (MK-801 10 μM) or AMPA (CNQX 10 μM) receptor 

antagonists, respectively. The mGlu receptor-LTD was induced by bath-application of DHPG 50 

μM for 10 min or by a paired-pulse low frequency stimulation protocol (PP-LFS: 900 pulses, 15 

min) of Schaffer collateral fibers.  

Action potential firing was studied in the presence of GABAA, AMPA and NMDA receptor 

antagonist, using injection of a constant current pulse (300 ms; typically 350 pA) that induced 

steady-state depolarization and maintained regular firing of action potentials (APs) throughout 

the pulse. 

 

2.3. Measurement of polyphosphoinositide hydrolysis in hippocampal slices 

Group I mGLU receptor-stimulated polyphosphoinositide (PI) hydrolysis was measured in 

hippocampal slices obtained from C57BL6/J male mice at 40 days of age. Hippocampus was 
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dissected out and incubated at 37 °C under constant oxygenation for 30-45 min in Krebs-

Henseleit (Sigma-Aldrich, Italy) buffer equilibrated with 95% O2, 5% CO2 to pH 7.4. Thirty l of 

gravity packed slices were then incubated for 60 min in 250 μl buffer containing 1 μCi of myo-

[3H]-inositol. Slices were incubated with LiCl (10 mM, for 10 min) followed by DHPG (200 µM) in 

the presence or absence of PcTx1 (100 ng/ml). After one hour, slices were washed with ice-cold 

buffer and the incubation was stopped by the addition of 900 μl of methanol:chloroform (2:1). 

After further addition of 300 μl chloroform and 600 μl water, the samples were centrifuged at 

low speed to facilitate phase separation. The upper aqueous phase was loaded into Dowex 1-X-8 

columns for the separation of [3H]-InsP. Columns were washed twice with water, once with a 

solution of sodium tetraborate (5 mM) and sodium formate (40 mM) to elute cyclic InsP and 

glycerophosphoinositols, and then with ammonium formate (200 mM) and formic acid (100 mM) 

for the elution of [3H]-InsP [23]. Values are expressed as the ratio between the radioactivity 

measured in the [3H]InsP fraction and the protein content. Proteins were quantified by the 

Lowry method [24].  

 

2.4. Western blotting  

Western blot analysis was performed in hippocampal tissue from parasagittal slices obtained 

using standard methods. For each experiment (four independent experiments), four early adult 

mice (P30-40) were used and slices were equally distributed for each experimental condition. 

After recovery from cutting procedure, parasagittal hippocampal slices were kept in a holding 

chamber containing aCSF, saturated with 95% O2 -5% CO2 at 28 °C (± 0.2 °C) and known 

concentration drugs: DHPG (50 μM, 10 min), DHPG+PcTx1 (PcTX1 100 ng/ml, 10 min followed by 

PcTx1 plus DHPG 50 μM, 10 min), PcTX1 (100ng/ml, 20 min), DHPG+PcTx1+MPEP (MPEP 10 

μM+Pctx1 100ng/ml, 10 min followed by MPEP+PcTX1+DHPG, 10 min) DHPG+PcTx1+JNJ (JNJ 10 

μM+Pctx1 100ng/ml, 10 min followed by JNJ+PcTX1+DHPG, 10 min) all experimental conditions 

including picrotoxin (100 μM) and MK-801 (10 μM). 

Biochemical subcellular fractionation was performed accordingly to the protocol reported in [25]. 

Hippocampal slices were homogenized in 0.32 M ice-cold sucrose at pH 7.4 containing (in mM) 1 

HEPES, 1 MgCl2, 1 EDTA, 1NaHCO3, and 0.1 PMSF, complete set of phosphatases inhibitors (Serva, 

Germany) and proteases inhibitors (Serva, Germany).  

The homogenized tissue was centrifuged at 1000 x g for 10 min, in order to discard nuclei-

associated membranes in the pellet. The supernatant was centrifuged at 3000 x g for 15 min to 
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obtain a crude membrane fraction, subsequently re-suspended in 1 mM HEPES containing 

phosphatases and proteases inhibitors and centrifuged at 50.000 rpm for 1 h.  

The pellet obtained was re-suspended in a buffer containing 75mM KCl and 1% Triton X-100, and 

again centrifuged at 50.000 rpm for 1 h. The resulting supernatant is referred to as Triton soluble 

fraction (TSF), whereas the final pellet re-suspended in 20 mM HEPES plus phosphatases and 

proteases inhibitors is the Triton Insoluble Fraction (TIF).  

As previously reported [25], TIF has been used instead of the classical post-synaptic density (PSD) 

because the amount of the starting material was very limited.  

Equal amount of TIF proteins (~15 μg for each condition) were resolved by 10% SDS-

polyacrylamide gels and blotted onto PVDF membrane (Serva, Germany). The resulting blot was 

blocked for 1 h at room temperature using Tris-buffered saline-Tween (t-TBS) (M) Tris, 0,02; NaCl, 

0,15; Tween 20, 0,1%) containing 5% skimmed milk. The membranes were then incubated 

overnight at 4°C with specific antibodies: rabbit anti-GluA1 1:1000 (Signalway Antibody, USA), 

rabbit anti-p-GluA1 (Ser845) 1:1000 (Cell Signaling, USA), according to the manufacturer’s 

protocol. After 50 min washing in t-TBS, the blots were incubated for 1 h at room temperature 

with peroxidase-conjugated goat anti-rabbit IgG secondary antibodies 1:3000 (UCS Diagnostic).  

After 50 min rinsing in t-TBS, immunoreactive bands were detected by enhanced 

chemiluminescence (ECL; WESTAR, Cyanagen, Italy).  

 

2.5. Statistical analysis 

Electrophysiological and biochemical data are represented as mean values ± S.E.M. Statistical 

significance was evaluated by Student’s t-test paired or unpaired between last 10 min following 

delivery of the conditioning protocol. n represents the number of neurons and an average of 2 

neurons per animal was used. Polyphosphoinositide hydrolysis was evalued by One-Way ANOVA + 

Fisher’s PLSD test. Statistical analysis for western blot experiments was performed with GraphPad 

PRISM 4 (GraphPad Software, USA). n representes the number of experiments. One-way ANOVA 

followed by Newman-Keuls Multiple Comparison Test was carried out when intergroup 

comparisons were required. Statistical significance was set at p<0.05. 

 

2.5. Drugs 

6-cyano-7-nitroquinoxaline-2,3-dione (CNQX), (S)-3,5-Dihydroxyphenylglycine (DHPG), dizocilpine 

(MK-801), picrotoxin, JNJ16259685 and MPEP were purchased from Sigma-Aldrich (Milan, Italy); 
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psalmotoxin-1 (PcTx1) was purchased form Hello Bio (Bristol, UK) or Alomone Labs (Israel). When 

drugs were dissolved in DMSO, the final concentration of DMSO did not exceed 0.5%. [3H]-Myo-

inositol (18 Ci/mmol) was purchased from Perkin Elmer (Milan, Italy). 

 

 

3. Results 

3.1. ASIC1a are involved in mGlu receptor-dependent LTD of EPSCAMPA in early adult animals 

Activity-dependent LTD of EPSCAMPA and EPSCNMDA that relies on mGlu receptors has been 

described at Schaffer collateral-CA1 synapse [26-28]. Here, using whole-cell patch clamp 

recordings, we confirm previous data showing that mGlu-LTD of both EPSCAMPA and EPSCNMDA 

transmission can be induced pharmacologically at CA1 hippocampal synapses. Accordingly, in 

juvenile (P13-P18) C57BL6/J mice, bath-applied DHPG (50 μM, 10 min) produced LTD of both 

EPSCAMPA (64 ± 10%; n=9; Fig. 1A1) and EPSCNMDA (57 ± 5%; n=4; Fig. 1A2). Both forms of synaptic 

plasticity were insensitive to the effects of the ASIC1a blocker PcTx1 (100 ng/ml). In fact, LTD of 

EPSCAMPA was 59 ± 1% (n=7, p>0.05; Fig. 1A1) and LTD of EPSCNMDA was 65 ± 4% (n=4, p>0.05; Fig. 

1A2).  

Since a developmental switch occurs in the synaptic mechanisms underlying hippocampal mGlu-

LTD [29], we performed experiments in slices obtained from early adult mice. Differently to what 

observed in juvenile mice, in slices obtained from early adult mice (P30-P40), PcTx1 was able to 

reduce, in a concentration dependent manner, the mGlu-LTD of EPSCAMPA induced by bath-

application of DHPG (control 60 ± 5%, n=9 vs. PcTx1 26 ± 5%, n=10, p<0.001; Fig. 2A1), while no 

change was observed for the mGlu-LTD of EPSCNMDA (control 57 ± 14%, n=4 vs. PcTx1 52 ± 7%, 

n=4, p>0.05; Fig. 2A2). Notably PcTx1 did not impact pre-established mGlu-LTD of EPSCAMPA 

(control 60 ± 5%, n=9 vs. PcTx1 57 ± 7% n=6, p>0.05; Fig 2B), suggesting that ASIC1a impairs 

mGlu receptor function per se, thereby affecting mGluR-mediated LTD maintenance signaling. 

Furthermore, we tested the ability of PcTx1 to affect activity-dependent mGlu-LTD of EPSCAMPA 

induced by PP-LFS [24]. Notably, PcTx1 was able to decrease also this form of synaptic plasticity 

(control 43 ± 5%, n=7 vs. PcTx1, 14 ± 5% n=9, p<0.001; Fig. 2C).  To confirm the role of ASIC1a in 

regulating the mGlu-LTD of EPSCAMPA in early adult mice, we performed recordings using the non-

selective ASIC blocker amiloride (100 μM). Similarly to PcTx1, bath-application of amiloride was 

able to significantly reduce the mGlu-LTD of EPSCAMPA (control 60 ± 5%, n=9 vs. amiloride 25 ± 
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8%, n=9, p<0.001; Fig. 2D1), while no change was observed for the mGlu-LTD of EPSCNMDA (control 

57 ± 14%, n=4 vs. PcTx1 54  ± 10%, n=5, p>0.05; Fig. 2D2). 

Overall these data suggest that ASIC1a are required for mGlu-LTD of EPSCAMPA in the 

hippocampus of early adult mice. 

 

3.2. ASIC1a are implicated in the DHPG-mediated increase of intrinsic excitability of CA1 

pyramidal neurons 

Besides the involvement of group I mGlu receptors in hippocampal LTD, activation of these 

receptors increases excitability of CA1 pyramidal neurons [30]. Thus, we extended our analysis 

investigating the potential contribution of ASIC1a in modulating DHPG-mediated increase of firing 

discharge induced by depolarizing current steps [28]. Figure 3A shows representative trace 

recordings of the firing frequency induced by different concentrations of PcTx1, bath-applied for 

20 min. In agreement with recent observations [31], PcTx1 was able to reduce in a dose-

dependent manner the number of APs evoked by a 300 ms current pulse of 350 pA (control n=6 

vs. PcTx1 30 ng/ml n=6, p>0.05; control n=6 vs. PcTx1 100 ng/ml n=6, p<0.001; control n=6 vs. 

PcTX1 300 ng/ml n=6, p<0.001) (Fig. 3A). Next, we studied the effect of PcTx1 on the enhancement 

of firing discharge induced by group I mGlu receptors activation [28,31,32]. Accordingly, bath-

applied DHPG (50 μM, 10 min) increases the number of APs evoked by depolarizing current pulses 

(n=7, 350 pA p<0,05; 50 pA p<0,05; -250 pA p>0.05) and this leads also to a significant 

enhancement of total postsynaptic depolarization as measured by the area under the curve (n=7, 

350 pA p<0.05; 50 pA p<0.01; -250 pA p>0.05). Of note, to unmask a possible link between ASIC1a 

and mGlu receptors, we applied PcTx1 at 30 ng/ml, a concentration that was still able to reduce 

DHPG-LTD on the one hand, and was ineffective in modulating firing discharge induced by 

depolarization alone on the other. Under this condition, PcTx1 was able to reverse the DHPG-

mediated increase of firing (n= 6, 350 pA p<0.05; 50 pA, p<0.05; -250 pA p>0.05) and of area under 

the curve (n=6, 350 pA p<0.05; 50 pA p<0.05; -250 pA p>0.05) (Fig. 3B). 

Collectively, these data suggest that at least some actions of group I mGlu may occur through 

ASIC1a in the hippocampus of early adult mice. 

 

3.3. PcTx1 does not affect polyphosphoinositide hydrolysis but prevents GluA1 phosphorylation 

induced by DHPG 
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In light of the functional crosstalk between group I mGlu receptors and ASIC1a, we next 

examined the effects of DHPG alone or in the presence of PcTx1 100 ng/ml, on the enhancement 

of PI hydrolysis in hippocampal slices from early adult mice. PI hydrolysis represents the 

canonical signal transduction pathway activated by mGlu1/5 receptors [33]. As expected, 

addition of DHPG to hippocampal slices increased [3H]InsP formation by about 2-fold compared 

to control (control n=3 vs. DHPG n=3; p<0.05). The increase in [3H]-InsP accumulation was not 

affected by incubation with PcTx1 (control PcTx1 n=4 vs. DHPG+ PcTx1 n=4; p<0.05 (Fig. 4A) and 

no change was observed in basal [3H]InsP level (p>0.05), suggesting that some other mechanism 

underlies the functional crosstalk between ASIC1a and group I mGlu receptors. 

To investigate whether the reduction of mGlu-LTD of EPSCAMPA caused by ASIC1a blockade in 

pyramidal neurons is dependent on reduction of AMPA receptor internalization, we performed 

biochemical experiments to measure the phosphorylation of AMPA-GluA1 receptor subunit at 

the post-synaptic site in hippocampal slices treated with DHPG, DHPG + PcTX1 or PcTx1 alone. 

Using a well-established post-synaptic-enriched biochemical preparation [25], we isolated the 

triton insoluble fraction from pharmacological treated brain slices. In line with previous results 

[34], we found that the levels of p-GluA1/GluA1 ratio were significantly increased upon DHPG 

treatment compared to control (control n=4 vs. DHPG n=4; p<0.01) (Fig. 4B). PcTx1 was able to 

reverse the DHPG-mediated increase in GluA1/GluA1 ratio (DHPG n=4 vs. DHPG+PcTx1 n=4; 

p<0.05 (Fig. 4B). Moreover, to discriminate between group I mGlu receptor subtypes, mGlu1 or 

mGlu5 receptor antagonists were added to DHPG+PcTx1. The p-GluA1/GluA1 ratio was 

significantly reduced in slices treated either with the mGlu5 antagonist MPEP (DHPG n=4 vs. 

DHPG+PcTx1+MPEP n=4; p<0.05), or with the mGlu1 antagonist JNJ (DHPG n=4 vs 

DHPG+PcTx1+JNJ n=4; p<0.05) compared to DHPG treatment alone (Fig. 4C).  

Altogether, these results demonstrate ASIC1a is able to regulate post-synaptic AMPA-GluA1 

subunit phosphorylation, suggesting that a functional interaction between ASIC1a and AMPA 

receptors might occur during mGlu-LTD. 

 

 

4. Discussion 

The idea that protons can function as a neurotransmitter has existed for some time [35-37], 

however the precise role of ASICs in synaptic transmission and neuroplasticity remains still 

elusive [16,37-39]. In fact, it has been suggested that ASIC1a may contribute to certain forms of 
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synaptic plasticity in the hippocampus, although results are controversial [8,17,18]. Here we 

show for the first time that ASIC1a plays a critical role in mGlu receptor-dependent LTD of AMPA 

receptor-mediated transmission in CA1 pyramidal neurons of early adult mice. A recent study 

demonstrated that PcTx1 did not affect hippocampal LTD induced by low-frequency electrical 

stimulation or (RS)-3,5-DHPG. The difference between this and our study might rely on 

experimental variables including electrophysiological approach used (multi-electrode array vs. 

patch-clamp recordings); animal age (>40 days old vs. ≤P40 days old); temperature (30°C vs. 

28°C) concentration of PcTx1 (100 nM vs. 100 ng/ml); and use of different enantiomer, 

concentration (100 μM vs. 50 μM) and time of perfusion (20 min vs. 10 min) of DHPG. Finally, 

differently from Liu and colleagues [18], we have investigated different components of excitatory 

transmission following the pharmacological isolation of NMDA or AMPA receptor component. In 

agreement with this, experiments showing the contribution of ASIC1a to mGlu-LTD have been 

observed only in early adult mice, a time in which a post-synaptic mechanism of expression of 

mGlu-LTD in mature spines has been suggested [40]. On the other hand, immature spines which 

lack ASICs [41], typically express a pre-synaptic form of LTD [40].  

In addition, we have examined the effect of PcTx1 on the DHPG-mediated increase in membrane 

excitability. We show that ASIC1a are implicated in the mGlu receptor-mediated excitability of 

CA1 pyramidal neurons, further demonstrating that a functional crosstalk between ASIC1a and 

group I mGlu receptors occurs, though the mechanisms remain to be elucidated. We then 

extended the analysis to agonist-stimulated PI hydrolysis, which represents the classical signal 

transduction pathway activated by group I mGlu receptors [33]. Although PcTx1-treated 

hippocampal slices expressed similar [3H]InsP formation following DHPG application, It is 

possible that the effect here observed might be anatomically restricted to area CA1 thus too 

small to be detected by immunoblot analysis. Moreover, there is growing evidence that a variety 

of biased signaling modalities might affect GPCR signaling including group I mGlu receptors 

[42,43]. In particular, canonical mGlu5 receptor signaling might be influenced by ligand bias, 

location bias and cell type bias, as well as by age-related alterations and differences in receptor 

isoforms and formation of multimeric complexes with other GPCRs [44].  Also, there is evidence 

that mGlu1/5 receptors may trigger both PLC-dependent and independent changes in 

intracellular calcium which in turn may regulate mGlu-LTD through calmodulin and calmodulin-

dependent kinases [45].  

Whether the ASIC-mediated depolarization enhances the effect of mGlu receptors or rather 
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mGlu receptors regulate an H+-related process still needs to be explored. In this line, several 

conductance mechanisms contributing to group I mGlu receptor-mediated depolarization in CA1 

pyramidal neurons have been previously described [46-51].   

Noteworthy, here we show that ASIC1a regulates post-synaptic AMPA-GluA1 subunit 

phosphorylation following mGlu-LTD, suggesting that a functional interaction between ASIC1a 

and AMPA receptors might occur in specific forms of synaptic plasticity.  

Overall, data here presented further confirm that ASICs can mediate proton signaling at synaptic 

sites [52] and reveal for the first time alink between ASIC1a channels and mGlu receptors. Of 

note, recent evidence published by Gan and colleagues [19] demonstrated a crosstalk between 

group I mGlu receptor and ASIC3 in dorsal root ganglion (DRG) neurons. In particular, group I 

mGluRs activation of nociceptive DRG neurons is able to sensitize ASICs hence contributing to 

acidosis-evoked pain. Therefore, in light of this novel peripheral mechanism, it is reasonable to 

assume that this interplay might occur also at central synapses possibly regulating synaptic 

plasticity events. 

Further clarification of the molecular mechanisms underlying the interaction between these two 

pathways would add a new dimension to the role of ASICs in synaptic function under different 

conditions. On the one hand, this study highlights a novel role of ASICs in hippocampal synaptic 

plasticity and in cellular responses to mGlu receptors activation, opening a stream of investigation 

on their possible role in regulating cognitive processes; on the other it might shed new light on the 

possible contribution of these channels to pathological events at the synapse. Accordingly, several 

reports have previously shown the involvement of ASICs in ischemic neuronal injury, traumatic 

neuronal multiple sclerosis and Parkinson’s disease [52]. Therefore, ASICs are emerging as 

potential therapeutic targets for the treatment of several brain disorders [53]. Future studies are 

required to understand whether similar coupling between ASICs and mGlu receptors is likely to 

contribute to synaptopathology as well.  
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Figure legends 

Figure 1. ASIC1a are not involved in mGlu receptor-dependent LTD in juvenile mice. 

(A) Superimposed pooled data showing EPSCAMPA (A1) and EPSCNMDA (A2) illustrating the effect of 

PcTx1 (100 ng/ml) on mGlu receptor-dependent LTD in juvenile (P13-18) mice. Representative 

EPSC traces were taken at the time indicated by number.  

 

Figure 2. ASIC1a contribute to mGlu receptor-dependent LTD in early adult mice. 

(A) Superimposed pooled data showing the effect of PcTx1 (100 ng/ml) on EPSCAMPA (A1) and 

EPSCNMDA (A2) of DHPG-LTD in early adult (P30-40) mice. Bar chart in the inset (A1) illustrates the 

effect of increasing concentrations of PcTx1 (10-100 ng/ml) on the magnitude of EPSCAMPA of 

DHPG-LTD. On top, representative EPSC traces were taken at the time indicated by the number. 

(B) Superimposed pooled data illustrating the effect of PcTx1 (100 ng/ml) after induction of 

EPSCAMPA of DHPG-LTD. (C) Superimposed pooled data showing the effect of PcTx1 (100 ng/ml) 

on EPSCAMPA of mGlu-LTD induced by a PP-LFS protocol. (D) Superimposed pooled data showing 

the effect of the non-selective ASIC blocker amiloride on EPSCAMPA and (D1) EPSCNMDA (D2) of 

DHPG-LTD.  

 

Figure 3. PcTx1 reduces DHPG enhanced excitability in CA1 pyramidal neurons.  
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(A) Left panel illustrates representative trace recordings in response to depolarizing and 

hyperpolarizing current steps before and after bath-application of PcTx1 (100 ng/ml). Right panel 

shows bar charts (mean ± S.E.M.) showing inhibition of firing discharge (as % of control) at 

different concentrations of PcTx1 (30-300 ng/ml). (B) Representative trace recordings in 

response to depolarizing and hyperpolarizing current steps are shown before and after DHPG 

application with or without PcTx1 (30 ng/ml). Bar charts (mean ± S.E.M.) illustrate area (% of 

control) and number of action potentials (nAP) in the presence of DHPG alone or in combination 

with PcTx1 (30 ng/ml).   

 

Figure 4. PcTx1 does not affect polyphosphoinositide hydrolysis but prevents GluA1 (Ser845) 

phosphorylation induced by DHPG. 

(A) The scheme shows the intracellular pathway mediated by mGlu1/5 receptors. Exogenous 

DHPG binds to cell surface mGlu1/5 receptors and activates phospholipase C (PLC), through Gq 

proteins. PLC in turn hydrolyzes the phosphatidylinositol 4,5-bisphosphate (PIP2), pre-labeled 

with 1 μCi of myo-[3H]-inositol, to yield the second messenger IP3. Lithium ions inhibit inositol 

monophosphatase (IMPase) to allow accumulation of [3H]-InsP. I, inositol, IP, inositol 

monophosphate; IP3, inositol trisphosphate. DHPG-stimulated PI hydrolysis in hippocampal slices 

in the absence or presence of PcTx1. Values represent mean ± S.E.M. (n=3-4). *p<0.05 (One-Way 

ANOVA + Fisher’s PLSD test) vs. the respective basal values, #p>0.05 control vs. PcTx1 under 

basal conditions. (B) Representative western blots with relative quantification. Values represent 

mean ± S.E.M. (n=4). **p<0.01 (One-Way ANOVA + Newman-Keuls) vs. control, §p<0.05 DHPG 

vs. DHPG+PcTx1. On top, representative western blots are shown. (C) Representative western 

blots with relative quantification. Values represent mean ± S.E.M. (n=4). **p<0.01 (One-Way 

ANOVA + Newman-Keuls) vs. control, §p<0.05 DHPG vs. DHPG+PcTx1+MPEP or DHPG+PcTx1+JNJ. 

On top, representative western blots are shown. 
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