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Supplemental document 

Supplemental Results 

mGluR1 activation enhances DSE. In C57BL/6 mice, a short depolarizing voltage 

step (100 ms, 0 mV) caused a small DSE in CF-EPSCs (Supplemental Fig. S1A). In 

the presence of DHPG (5 μM) that by itself caused no suppression of CF-EPSCs 

(amplitude; 101 ± 1 % of control, n= 7), the same depolarization caused DSE with 

larger magnitude and slower recovery as compared to control DSE (Supplemental 

Fig. S1A and B). After washing DHPG, the magnitude of DSE returned to the control 

levels. CPCCOEt (100 μM), a selective mGluR1 antagonist, completely blocked the 

enhancing action of DHPG (5 μM) (Supplemental Fig. S1C). When the recording 

pipette contained non-hydrolyzable analogue of GDP (GDPβS, 1 mM), DSE was 

induced normally but DHPG (10 μM) failed to enhance DSE (Supplemental Fig. S1D). 

Furthermore, DHPG (10 or 30 μM) caused a clear increase in DSE magnitude in 

mGluR1-rescue mice (Ichise et al., 2000) which were generated by introducing rat 

mGluR1α into mGluR1 knockout mice by using a PC specific promoter and thereby in 

which mGluR1s are only expressed in PCs in the brain (data not shown). These 

results indicate that mGluR1-mediated signaling in postsynaptic PCs is indispensable 

for the DHPG-induced enhancement of DSE. SR141716A (1 μM), an antagonist of 

the type1 cannabinoid (CB1) receptor, completely blocked DSE in normal external 

solution as well as during DHPG application (data not shown), indicating that the 

enhanced component is also mediated by endocannabinoids. We checked the 

possibility that DHPG might elevate the peak level of depolarization-induced Ca2+ 

transient and thereby enhance DSE. We monitored the Ca2+ transient evoked by a 

short voltage step using with Magnesium Green (500 μM), a low affinity Ca2+ 

indicator, while recording CF-EPSCs simultaneously. DHPG (5 μM) enhanced DSE 

by 24 ± 2 % (n= 5) but did not affect Ca2+ transients (Supplemental Fig. S1E), 
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indicating that enhancement of DSE does not result from potentiation of Ca2+ 

transients.  

 

mGluR1-PLCβ4 signaling contributes to endocannabinoid release at PF-PC 

synapses.  We tested whether mGluR1-PLCβ4 signaling underlies 

endocannabinoid release at PF-PC synapses with the same methods used for CF 

synapses. We have reported previously that DHPG (50 μM) induces suppression of 

PF-mediated EPSCs (PF-EPSCs) via endocannabinoid with an internal solution 

containing 20 mM BAPTA (Maejima et al., 2001). Under the same recording 

condition, DHPG (50 μM) had no effects on PF-EPSCs in PLCβ4-/- mice (amplitude; 

102.3 ± 5.4 % of control, n= 5), although WIN (5 μM) reduced PF-EPSCs (21.7 ± 

4.3 % of control, n= 5). In contrast, DSE normally occurred in both PLCβ4+/+ and 

PLCβ4-/- mice at PF-PC synapses when measured with an internal solution containing 

a low concentration (1 mM) of EGTA (supplemental Fig. S2). However, low doses (5 

and 10 μM) of DHPG significantly enhanced DSE in PLCβ4+/+ mice but not in PLCβ4-/- 

mice (supplemental Fig. S2). These results indicate that mGluR1-PLCβ4 signaling 

contributes to endocannabinoid release at PF-PC synapses in a similar manner to 

that in CF-PC synapses. 
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Legends for supplemental figures 

Supplemental Fig. S1. Activation of postsynaptic mGluR1 enhances 

depolarization-induced endocannabinoid release. DSE of CF-EPSCs (A-D) and 

Ca2+ transients (E) were induced by a short depolarizing voltage pulse (100 ms, 0 

mV). (A) A representative experiment showing the augmentation of DSE by a low 

dose (5 μM) of DHPG. (A, left) EPSC amplitudes are plotted as a function of time. 

Arrowheads indicate the time point of depolarization. (A, right) Five EPSC traces 

obtained 5 s before, 5, 10, 15 and 60 s after depolarization are superimposed in the 

presence or absence (control) of DHPG. (A, inset) Time courses of changes in EPSC 

amplitude normalized to the value before depolarization. The indication of each 

symbol is shown in (B). (B) Averaged data for time courses of depolarization-induced 

changes in EPSC amplitude before, during and after 5 μM DHPG application. Gray 

circles indicate differences between the normalized amplitudes before and during 

DHPG application. (C) Summary bar graph showing that CPCCOEt (100 μM) blocks 

the effects of 5 μM DHPG on DSE. DSE was induced sequentially under four different 

conditions in each PC (n= 5). DSE magnitudes were calculated from the EPSC 

amplitudes obtained 5-15 s after depolarization. (D) Summary bar graph showing the 

effects of 10 μM DHPG on DSE with (n= 5) or without (n= 7) GDPβS (1 mM) loading. 

(E) Average data for ΔF/F0 ratio of Mg-Green signals at the proximal dendrite of PCs 

in the presence or absence of 5 μM DHPG (n= 5). 

 

 

Supplemental Fig. 2. PLCβ4 is required for DSE enhancement by weak 

mGluR1 activation at PF-PC synapses. DSE of PF-EPSCs was induced by a short 

depolarizing voltage step (100-300 ms, 0 mV) in PCs of wild-type (A) and PLCβ4-/- (B) 

mice. Examples (A and B) and averaged data (C) showing that DHPG augments DSE 

in wild-type, but not in PLCβ4-/- PCs. (A and B) (left) Averaged PF-EPSC traces 
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before depolarization and single traces recorded 5 s after depolarization are 

superimposed for DSE trials in the control and DHPG (5 µM)-containing external 

solutions. (right) Time courses of changes in EPSC amplitudes normalized to the 

value before depolarization for the same PCs shown in the left. (C) DSE magnitudes 

for PF-EPSCs were calculated as for CF-EPSCs and their increases are shown. 

Basal DSE magnitudes were 20 ± 1 % (PLCβ4+/+, n= 7) and 22 ± 2 % (PLCβ4-/-, n= 7). 

 

 

Supplemental Fig. 3. Putative model for endocannabinoid signaling driven by 

excitatory synaptic activity. Glutamate released by a short burst of PF stimulation 

(1) binds to AMPA receptors, causes local depolarization (2), opens voltage-gated 

Ca2+ channel and induces mild elevation of Ca2+ concentration (3). Released 

glutamate also binds to mGluR1 and drives the mGluR1-Gq-PLCβ4 cascade (4). Ca2+ 

assists enzymatic activity of PLCβ4 (5) to produce DAG from phosphatidylinositol 

4,5-bisphosphate (PIP2) (6). DAG is then converted to 2-AG by the action of DAG 

lipase (DGL) (7). 2-AG diffuses out from the postsynaptic membrane to the 

extracellular space (8), binds to presynaptic CB1 receptors (9) and eventually 

suppresses glutamate release by inhibiting Ca2+ influx to the presynaptic terminal 

(10). 


