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Figure 1 | Electrical stimulation evokes long-lasting AP firing produced by an a1-adrenergic receptor-
dependent EPSC. a, Representative traces of cell-attached recording where stimulation of the brain slice (5 stims
at 60 Hz) produced AP firing that was abolished by application of the a1-adrenergic receptor antagonist, prazosin
(100 nM). b, Plot of number of APs showing the stimulation-induced increase in frequency (p=0.004, n=6). c, Plot
of duration of AP firing. d, Plot of mean instantaneous frequency of AP firing over the first 10s of firing. e, Plot of
the latency from stimulation onset to the first AP. f, Example whole-cell recordings in the same cell, where
electrical stimulation of the slice produced prolonged AP firing in current-clamp (upper trace) and a slow EPSC in
voltage-clamp mode (lower trace). g, Application of prazosin eliminated the slow EPSC shown in a representative
trace (left, baseline adjusted) and in grouped data (right, p=0.002, n=10). h, Application of tetrodotoxin (TTX, 1
pnM) reversibly eliminated the a1-Ar-EPSC shown in a representative trace (left, a1-Ar-EPSC evoked every 90s
(arrows)) and in grouped data (right, p=0.009, n=4). i, Plot of the inhibition of a1-Az-EPSC amplitude by
application of reserpine (res, 1 uM, p=0.016, n=7). j, Plot of the inhibition of a1-Ar-EPSC amplitude by removal of
external Ca?+ (0[Ca2+]o, p=0.0001, n=14). Line and error bars represent mean+SEM, * denotes statistical
significance.
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Figure S1 | The a1-Ar-EPSC requires G protein signaling. a, With GDP-3S-Li-containing internal solution, the
amplitude of the a1-Ar-EPSC ran down within ~5-10 minutes of break-in to whole-cell mode; shown in a plot
compared with control internal solution containing LiCl (left) and in grouped data (right, p=0.004, n=9, 1st: first
EPSC; post: post-dialysis). Line and error bars represent mean+SEM, * denotes statistical significance.
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Figure 2 | al-adrenergic receptor-dependent inward current is carried by sodium entry. a, Membrane
resistance (Rm, AV -65 to -120 mV) decreased during the a1-Ar-EPSC indicating an opening of ion channels, as
shown in an example trace (left) and in grouped data (right, p<0.0001, n=31). b, Representative trace of current-
voltage relationships of the a1-Ar-EPSC (subtraction), determined by subtracting current measured during slow
voltage ramps (1 mV/10 ms, analyzed from -120 to -10 mV) at the peak of the a1-Ar-EPSC (stim) from current
measured in control conditions just prior to stimulation (basal). Current generated during ramps were truncated

for clarity. ¢, Current-voltage relationship of the a1-Ar-EPSC from grouped data. d, Plot of reversal potentials (Erev)

of the a1-Ar-EPSC and Ina (p>0.999, n=26&14). e, Replacing 126 mM NaCl with NMDG eliminated inward Iya,
shown in a time-course plot (left) and grouped data (right, Vhea -65 mV, p<0.0001, n=14&13). Line and error
bars/shaded area represent mean+SEM, * denotes statistical significance, ns denotes not significant.
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Figure S2 | Fluctuation analysis and voltage-dependence of a1-adrenergic receptor-dependent inward
current. a, Representative trace of membrane noise during the a1-Ar-EPSC, brackets denote segments shown
below on an expanded scale. b, Membrane noise (variance, 62) increased during the a1-Ar-EPSC (p<0.0001, n=22).
¢, Plot of a1-Ar-EPSC variance versus mean amplitude, linear fit represents mean unitary current (7, r2=0.713). d,
Representative trace of membrane noise under basal conditions and after NASPM application (NSP, 100 uM). e,
Membrane noise (variance, 62) decreased following NASPM (NSP, p<0.0001, n=19). f, Ina was isolated using a two-
pulse voltage protocol by subtracting current measured during voltage steps (shown in left inset) at the peak of
inward current from NA application from current measured in control conditions just prior to NA (30 uM)
application. g, Representative traces of current at Vioq -120 mV following 150 ms conditioning pre-pulses to -120
mV (black) or to 30 mV (grey) in control conditions (basal) and after NA. Traces below shown membrane noise of
current at Vioia -120 mV on an expanded scale. h, Conductance (Gna) was measured at peak Ina from Viea -120 mV,
calculated using a Erev of -25.1 mV. Plot of Gna versus Vi of the conditioning pre-pulses, demonstrating decreased
Gna with depolarizing pre-pulses (linear trend of -0.022 nS/mV, p<0.0001). i, Plot of unitary current (i) measured
at Vhold-120 mV versus Vioiq of the conditioning pre-pulses demonstrating a decrease in i with depolarizing pre-
pulses (linear trend of 0.026 pA/mV, p=0.002). Line and error bars represent meant+SEM, * denotes statistical
significance.
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Figure S3 | The a.1-Ar-EPSC is not due to closure of potassium conductance. a, Plot of a1-Az-EPSC amplitudes
measured at Vi -65 mV, in 2.5, 6.5, and 10.5 mM [K*], (p=0.162, n=17). ¢, Plot of a1-Ar-EPSC amplitudes
measured at Vioq -120 mV, in 2.5, 6.5, and 10.5 mM [K*], (p=0.692, n=11). d, Plot of a1-Ar-EPSC Eevs with varying
concentration of external K+ ([K*],), demonstrating a depolarizing shift in Ee, as external K+ was increased

(p=0.010, n=26, 10,&11). Line and error bars represent mean+SEM, * denotes statistical significance, ns denotes
not significant.
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Figure S4 | Effects of external divalents on inward current produced by noradrenaline. a, Plot of reversal
potentials (Erev) of Ins, demonstrating no significant difference between control conditions (con), or after removal
of external Ca2+ (0[Ca?*],) or Mg2+ (0[MgZ?*]o). b, Plot of the amplitude of Ina (Vhola -65 mV) demonstrating an
augmented Ina amplitude in 0[Ca?+], (p=0.017, n=14), but not in 0[Mg2*],, (p>0.9999, n=10) as compared with
control conditions (n=14). Line and error bars/shaded area represent mean+SEM, * denotes statistical significance,
ns denotes not significant.
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Figure 3 | NASPM blocks the a1-Ar-EPSC and a tonic inward current. a, Example whole-cell voltage-clamp
recording of the basal whole-cell current and the a1-Ar-EPSC evoked every 90s (arrows) prior to, during, and after
application of NASPM (NSP, 100 uM). b, NASPM completely eliminated the a1-Ar-EPSC shown in representative
traces (left, baseline adjusted) and in grouped data (right, p=0.002, n=10). ¢, Application of NASPM produced an
apparent outward current (p<0.0001, n=21). d, Time course of the inhibition of the a.1-Az-EPSC amplitude
(bottom) and apparent outward current (top) by application of NASPM. e, Membrane resistance (Rm, AV -65 to -75
mV) increased during application of NASPM, indicating the apparent outward current was due to ion channels
closing (p=0.004, n=10). f, Time course of the inhibition of the a1-Ar-EPSC amplitude by application of NASPM,
demonstrating identical block of the a1-Ar-EPSC whether or not a.1-Ar-EPSCs were evoked during NASPM
application. Line and error bars represent meantSEM, * denotes statistical significance.
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Figure S5 | NASPM-sensitive tonic Na+* current does not require stimulation of the brain slice. a, Current-
voltage relationship of the apparent outward current produced by NASPM (NSP, 100 uM). Replacing 126 mM NaCl
with NMDG eliminated the apparent outward current, suggesting a block of a tonic inward Na* current. b,
Representative trace of whole-cell voltage-clamp recording of the apparent outward current induced by
application of NASPM in an unstimulated brain slice. Dashed line is at 0 pA (Vhoia -65 mV). ¢, Plot of amplitude of
NASPM-induced apparent outward current in stimulated and unstimulated brain slices demonstrating no effect of
prior electrical stimulation (p=0.850, n=21&5). Line and error bars/shaded area represent mean+SEM, ns
indicates not significant.
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Figure S6 | D-serine and glycine reduce the a1-Ag-EPSC. a, Application of D-serine (10 mM) reversibly reduced
the a1-Ar-EPSC, shown in a representative trace (left) and in grouped data (right, p=0.001, n=7). b, Application of
glycine (10 mM) reversibly reduced the a1-Ag-EPSC, shown in representative traces (left, baseline adjusted) and in
grouped data (right, p=0.015, n=7). ¢, Summarized data of percent remaining of the a.1-Ag-EPSC amplitude after
NASPM (NSP, 100 uM), p-serine (p-S, 10 mM), glycine (glyc, 10 mM), or kynurenic acid (KA, 1 mM). Line and error
bars represent meantSEM, * denotes statistical significance, ns denotes not significant.
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Figure S7 | Design and testing of guide RNA targeting mGrid1. a, A graphic representation of the third exon of
mGrid1, marked with the location of the gRNA (390F) and the overlapping Bgll restriction site. Filled arrows
represent the location of primers used for PCR amplification while the hollow arrow indicates the primer used for
sequencing (Table S1). b, A nucleotide representation of gRNA target site with the translated peptide sequence
underneath. The Bgll recognition site (GCCNNNN”NGGC) is contained by the grey box and overlaps with the
predicted Cas9 cleavage site (|). ¢, Fragment analysis on Bgll-digested Grid1 PCR products amplified from the DR of
mice injected with (AAV-Cas9 and AAV-empty) or (AAV-Cas9 and AAV-GRID1). “% PCR undigested” refers to the
amount of the undigested PCR product relative to the total PCR product as determined by AATI fragment analysis.
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Figure 4 | The a1-Agr-EPSC is eliminated by targeting of GluD1 receptors via CRISPR/Cas9. a, Membrane
resistance (Rm, AV -65 to -120 mV) decreased after stimulation in infected neurons from mice injected with AAV-
Cas9 and AAV-empty (control, p=0.0002, n=13), but not in infected neurons from mice injected with AAV-Cas9 and
AAV-GRID1 (GRID1, p=0.562, n=16). b, Representative traces (left) and grouped data (right, p<0.0001, n=16&16)
demonstrating the presence of an a1-Ar-EPSC in infected neurons from control mice, but not from GRID1 mice.
Neighboring uninfected neurons from GRID1 mice (uninf.) had an a1-Ag-EPSC that was indistinguishable from
infected neurons from control mice (p>0.999, n=7). ¢, Targeting GluD1r reduced the inward current to NA (Ina 30
p1M) as compared to infected neurons from control mice, as shown in representative traces (left) and grouped data
(right, p=0.009, n=16&16). Capacitive transients and ramp-induced currents have been truncated for clarity. d,
Targeting GluD1r reduced the tonic inward current revealed by application of NASPM (100 uM, Ixsp) as compared

to infected neurons in control mice (p=0.009, n=5&11). Line and error bars represent mean+SEM, * denotes
statistical significance, ns denotes not significant.
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Figure S8 | AAV vectors. A graphic representation of AAV vectors used in conjunction with AAV-Cas9 to encode

eGFP reporter only (top, AAV-empty) or mouse Grid1 guide RNA with eGFP reporter (bottom, AAV-GRID1).
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Table S1 | Primer sequences used in PCR amplification (amp) and sequencing (seq).
Primer name Primer sequence (linkers in lowercase)
Forward amp primer | tgattacgccaagctt GGTGGAGCTGTGTGGATGAAGC
Forward seq primer CCAGCCTGTGACCTCATGACC

Reverse amp primer gacggccagtgaattc CTTCAGCTGTCATGATAAGGTGATGTTG
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