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Extended Methods and Materials
For all experiments, authenticated reagents were commercially purchased from local vendors.
Synthesis of RE1
RE1, 1, was prepared starting with the commercially available starting materials, as described in
the patent literature(1) with minor modification (Scheme S1). All commercial chemicals and
solvents were reagent grade and used without further purification. Air-sensitive reactions were
performed under argon protection. Analytical thin layer chromatography was performed on Merck
250 μM silica gel F254 plates, and preparative thin layer chromatography on Merck 1000 μM silica
gel F254 plates obtained from EMD Millipore corporation. Column chromatography was performed
using CombiFlash instrument and Silica gel SNAP columns. The identity of each product was
determined using NMR (Bruker 600 MHz instrument) and Agilent LC-MS. Chemical shifts are
reported in δ values in ppm downfield from TMS as the internal standard. 1H data are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet),
coupling constant (Hz), integration. Purity of final compound was determined using Agilent 1260
Infinity Series II preparative high-pressure liquid chromatography (HPLC) equipped with 1260
Infinity II multiple wavelength detector and Gemini® 5 µm C18 110 Å LC column (100 x 4.6
mm), mobile phase: Acetonitrile and water (0.1% trifluoroacetic acid), 80:20 isocratic. Compound
1 (RE1) was found more than 95% pure, as analyzed by LC-MS (Figure S1).

Scheme S1. Synthesis of RE1.
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Compound 2a. A mixture of 4-methyl-3-methoxyphenol (1.97 g, 14.25 mM), 2-chloro-5-nitropyridine (2.71 g, 17.1 mmol) and K2CO3 (5.90 g, 42.8 mmol) in dry DMF (50 mL) was stirred at
115 ˚C for 2 hours. The reaction was worked-up using EtOAc and water. The organic layer was
washed with brine, dried over anhyd. Na2SO4, and filtered. The organic layers were concentrated
under vacuum and the residue was purified by silica gel chromatography using Hexanes-EtOAc
(100:0  80:20) to afford compound 2a (1.59 g, 43% Yield) as a light-yellow oil along with some
impure fraction (930 mg, 25%). 1H-NMR (600 MHz, DMSO-d6): δ 9.02 (d, J = 2.8 Hz, 1H), 8.58
(dd, J = 9.1, 2.9 Hz, 1H), 7.18 (t, J = 7.6 Hz, 2H), 6.82 (d, J = 2.1 Hz, 1H), 6.68 (dd, J = 8.0, 2.2
Hz, 1H), 3.74 (s, 3H), 2.14 (s, 3H); MS (ESI): m/z 261.0866 [M+H]+.
Compound 2b. To a solution of 2a (710 mg, 2.73 mmol) in iso-propanol and hydrazine (9:1, 27
mL) was added Raney-Ni slurry (50% w/w in H2O, 710 µL), and the mixture was stirred at RT for
20 minutes. After the conversion was complete, as assessed by TLC, clear solution was obtained
by filtration and concentrated under the reduced pressure, and the residue was chromatographed
over Silica gel and Hexanes-EtOAc (100:0  50:50) to afford 2b (490 mg, 78% Yield) as a lightyellow oil. 1H-NMR (600 MHz, DMSO-d6): δ 7.53 (d, J = 2.8 Hz, 1H), 7.05 (dd, J = 8.8, 2.9 Hz,
1H), 7.03 (d, J = 7.4 Hz, 1H), 6.70 (d, J = 8.6 Hz, 1H), 6.57 (d, J = 2.1 Hz, 1H), 6.36 (dd, J = 8.0,
2.2 Hz, 1H), 5.05 (s, 1H), 3.71 (s, 3H), 2.08 (s, 3H); MS (ESI): m/z 231.1134 [M+H]+.
Compound 4a. To a solution of 2 (127 mg, 0.63 mmol) in dry DMF (2 mL) were added DIPEA
(182 µL, 1.25 mmol) followed by TBTU (216 mg, 0.82 mmol). After the reaction mixture was
stirred for 15 minutes at room temperature, intermediate 2b (120 mg, 0.52 mmol) was added and
stirring was continued overnight at the same temperature. The reaction mixture was quenched
using ice. The resulting crude product was dissolved in CH2Cl2, dried over Na2SO4, filtered and
solvents were removed under the reduced pressure. The residue was purified by chromatography
over Silica gel using hexanes-ethyl acetate (1:0  3:2) to afford compound 4a (210 mg, 97%
Yield) as a white solid. 1H NMR (600 MHz, DMSO-d6): δ 10.10 (s, 1H), 8.32 (s, 1H), 8.05 (dd, J
= 8.8, 2.6 Hz, 1H), 7.11 (d, J = 8.0 Hz, 1H), 7.01 (d, J = 7.6 Hz, 1H), 6.95 (d, J = 8.8 Hz, 1H),
6.69 (s, 1H), 6.53 (d, J = 7.8 Hz, 1H), 3.97 (q, J = 5.9 Hz, 1H), 3.73 (s, 3H), 2.12 (s, 3H), 1.68 (m,
1H), 1.60 (m, 1H), 1.38 (s, 9H), 0.89 (t, J = 7.2 Hz, 3H); MS (ESI): m/z 416.2708 [M+H]+.
Compound 4b. TFA (1.25 mL) was added to ice-cold solution of 4a (210 mg, 0.50 mmol) in dry
CH2Cl2 (5 mL) followed by TIPS (125 µl), and the reaction mixture was stirred at room
temperature for 1 hour. Solvents and excess reagents were removed under the reduced pressure
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and the residue was purified by chromatograph over Silica gel column using CH2Cl2-MeOH (1:0
 4:1) to afford 3b (175 mg) as a colorless solid. Intermediate 4b was taken to next step after MS
analysis. MS (ESI): m/z 316.2424 [M+H]+.
Compound 1, RE1. A solution of triphosgene (74 mg, 0.25 mmol) in 3 mL dry CH2Cl2 was added
slowly to a solution of intermediate 4b (171 mg, 0.54 mmol) and TEA (394 µL, 2.83 mmol) in dry
CH2Cl2 (10 mL) at ice-water temperature. After the reaction mixture was stirred for 30 minutes at
the same temperature it was quenched with water (3 mL) and worked-up using CH2Cl2 and water.
The combined organic layers were dried over Na2SO4 and concentrated under the reduced
pressure. The residue was purified by PTLC using hexanes-EtOAc (1:1) as the mobile phase to
afford the title compound 1 (RE1, 56 mg, 30% Yield) as a white solid. 1H NMR (600 MHz,
CDCl3): δ 8.24 (d, J = 2.46 Hz, 1H), 7.70 (dd, J = 8.8, 2.6 Hz, 1H), 7.12 (d, J = 7.7 Hz, 1H), 6.95
(d, J = 8.8 Hz, 1H), 6.63 (dd, J = 9.5, 2.0 Hz, 1H), 6.62 (s, 1H), 5.44 (s, 1H), 4.19 (t, J = 5.5 Hz,
1H), 3.78 (s, 3H), 2.19 (s, 3H), 1.98 (m, 1H), 1.92 (m, 1H), 1.05 (t, J = 7.4 Hz, 3H). MS (ESI):
m/z 342.1442 [M+H]+.

Figure S1. LC trace of RE1. Compound 1 was analyzed using LC-MS showing a major peak
(>95%) for compound 1 (RE1). LC of compound 1 was performed on Agilent instrument as
described above in methods.
Cell culture
For cell transfection studies, 80% confluent N2A cells (1 X 105 cells / well) were transfected with
3 g of either mouse Kv3.1or HA-tagged Kv3.1 plasmid, and 3 g of a plasmid expressing rat
p11.
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Kv3.1-GFP stably transfected cells and colocalization imaging
GFP-tagged mouse Kv3.1 (C-term) was inserted into pEZ-M68 plasmid (Gencopoeia), and was
transfected to N2A cells growing on OptiMEM medium with puromycin (1.25 µg/ ml). Individual
clones were identified by AX10 fluorescent microscope (Zeiss) and were manually isolated using
cloning cylinders. In order to inspect individual cells, the selected clone was mixed with
untransfected N2A cells and the mixed culture was grown on complete medium without the
selection marker. For siRNA studies, 70% confluent N2A cells in 60 mm dish were transfected
with 200 pmol of either p11 silencing siRNA oligos with the double stranded RNA sequences:
CAU GGA ACG GGA GUU CCC UGG GUU U, AAA CCC AGG GAA CUC CCG UUC CAU
G, (ThemoFisher Scientific, 10620319/ 293344 A03), or scramble oligos as negative control 24
hours after plating. To determine the subcellular localization of Kv3.1-GFP, 1.0-2.0 x105 cells
were plated in wells with BioCoat 12mm coverslips (Corning), and were transfected with either
p11 siRNA constructs or scramble oligos. For imaging studies cell were fixed after 24 hours. For
labelling the golgi or the ER cells were fixed with 4% PFA, and methanol was used for membrane
labeling. Antibodies included rabbit anti GM 130 (Abcam 52649, 1:1000), rabbit anti calnexin
(Abcam 22595, 1:1000), rabbit anti sodium potassium ATPase (Abcam 76020, 1:1000) and mouse
anti GFP (Abcam 1218, 1:500). Detection was performed using a confocal LSM710 microscope
(Zeiss) and colocalization coefficients were determined using Zen 2012 SP1 software (Zeiss).
Animals
All procedures were approved by the Animal Care and Use Committee of the Rockefeller
University. Animals were maintained C57/Bl6N mice and were housed in a 12-hour light/ dark
interval with food and water ad-libitum. p11 cKO mice were generated by crossing p11 floxed(25) with heterozygous Pvalbtm1(cre)Arbr/J mice and their Cre+ offspring were used for all studies with
Cre- littermates as WT control. PVTRAP and p11 cKOTRAP mouse lines were generated by crossing
these mice with mice expressing loxP-stop-loxP-EGFP-RPL10a sequence in the Eef1α1 promoter
(EEF1A1–LSL.EGFPL10)(6). TRAP qPCR analysis including mRNA isolation, cDNA
amplification and qPCR analysis of mRNA level were previously described (5), by pooling 8
hippocampi from 4 mice per sample.
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AAV preparation and stereotaxic delivery
The sequence of the mouse Kv3.1 gene was inserted into pAAV.Flex plasmid and the sequence
was

validated

by

rAAV2/5DIO.mCherry,

sequencing.

rAAV2/5.Flex.Kv3.1,

rAAV2/5DIO.Gi-DREADD,

rAAV2/5.Flex.GFP,

rAAV2/5DIO.Gs-DREADD,

AAV9DIOYFP/ChETA, were packaged at or purchased from the Virus Vector Core Facility, UNC
(Chapel Hill, NC). 8-12 weeks old mice were injected with 1l of AAV to the DG 3 weeks before
the behavioral tests or physiological recordings. Coordinates were ±2.00, -2.92 and -2.20 mm
lateral, posterior and ventral relative to Bregma, according to the Franklin and Paxinos Mouse
Brain atlas, 3rd edition.
Western blot
Cells in culture were lysed in RIPA buffer. For the biochemical study, stably transfected cells were
lysed in RIPA buffer 48 hrs after transfection with the siRNA. The hippocampus was freshly
harvested and lysed in 2% SDS. Protein concentration was determined using BCA (Thermo Fisher
Scientific, Waltham, MA). 20 g protein was loaded onto 4-12% BisTris gel, and transferred onto
PVDF membranes that were incubated in 5% Milk in TBST and then with mouse anti-Kv3.1
(NeuroMab UC-DAVIS, 75-041, 1: 1,000), rabbit anti-HA (Cell Signaling, 3724 1: 1,000) rabbit
anti--actin (Cell Signaling Technologies, 4970, 1: 2,000) or goat anti-p11 (R&D Systems,
AF2377,1:200).
Electrophysiology
Procedures were similar to those described previously (5). Briefly, mice between 8 and 12 weeks
of age were euthanized with CO2. After decapitation and removal of the brains, transversal slices
(400 μm thickness) were cut using a Vibratome 1000 Plus (Leica Microsystems, USA) at 2 °C in
a NMDG-containing cutting solution (in mM): 105 NMDG (N-Methyl-D-glucamine), 105 HCl,
2.5 KCl, 1.2 NaH2PO4, 26 NaHCO3, 25 Glucose, 10 MgSO4, 0.5 CaCl2, 5 L-Ascorbic Acid, 3
Sodium Pyruvate, 2 Thiourea (pH was around 7.4, with osmolarity of 295–305 mOsm). After
cutting, slices were left to recover for 15 minutes in the same cutting solution at 35 °C and for 1 h
at room temperature (RT) in recording solution (see below). Whole-cell patch-clamp recordings
were performed with a Multiclamp 700B/Digidata1550A system (Molecular Devices, Sunnyvale
CA, USA). EGFP-positive PV neurons were selected for recording based on the expression of the
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fluorescent marker using an upright Olympus BX51WI microscope equipped with the appropriate
filters (Olympus, Japan) and a SPECTRA X LED light engine (Lumencor, OR, USA). The
extracellular solution used for recordings contained (in mM): 125 NaCl, 25 NaHCO3, 2.5 KCl,
1.25 NaH2PO4, 2 CaCl2, 1 MgCl2 and 25 glucose (bubbled with 95% O2 and 5% CO2). The slice
was placed in a recording chamber (RC-27L, Warner Instruments, USA) and constantly perfused
with oxygenated aCSF at 24 °C (TC-324B, Warner Instruments, USA) at a rate of 1.5–2.0 ml/min.
For measuring the Kv we used whole-cell voltage-clamp recordings from PV neurons. The
intracellular solution contained (in mM): 126 K-gluconate, 4 NaCl, 1 MgSO4, 0.02 CaCl2, 0.1
BAPTA, 15 glucose, 5 HEPES, 3 ATP, 0.1 GTP (pH 7.3). Voltage steps of 10 mv (from −70 mV
to 50 mV; 1s, every 10 s) were used to determine current-voltage (I-V) relationships. A P/4
protocol was used to eliminate leak currents. The amplitude of the current was measured on the
steady-state part of the response. Tetradotoxin (TTX, 0.3 μM) was added in the bath to block Na+
currents.
For measuring the HCN currents we used whole-cell voltage-clamp recordings from PV neurons.
The intracellular solution contained (in mM): 126 K-gluconate, 4 NaCl, 1 MgSO4, 0.02 CaCl2,
0.1 BAPTA, 15 glucose, 5 HEPES, 3 ATP, 0.1 GTP (pH 7.3). Voltage steps of 10 mv (from −120
mV to -70 mV; 1s, every 10 s) were used to determine current-voltage (I-V) relationships. A P/4
protocol was used to eliminate leak currents. The amplitude of the HCN current was measured as
the difference between amplitude the initial current at the beginning of the voltage step and the
amplitude of the current in the steady-state stage of the voltage step. Tetradotoxin (TTX, 0.3 μM)
was added in the bath to block Na+ currents.
Miniature EPSCs were recorded in the presence of bicucculline and TTX in the K-gluconate
internal solution. To measure miniature AMPA currents AP-5 was added to the drugs used above.
Miniature IPSCs were recorded in the presence of CNQX, AP-5 and TTX in a Cl-rich internal
solution (in mM): 126 KCl, 4 NaCl, 1 MgSO4, 0.02 CaCl2, 0.1 BAPTA, 15 Glucose, 5 HEPES, 3
ATP and 0.1 GTP in which the pH was adjusted to 7.3 with KOH and osmolarity was adjusted to
290 mosmol/l with sucrose.
For paired recordings the presynaptic PV neurons were patched with the intracellular K-gluconate
solution while the postsynaptic granule cells were patched using the Cl-rich internal solution. The
distance between neurons was between 50 and 100 µm. Once a stable whole-cell configuration
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was achieved for both cells, steps of current of 1-2 nA for 2-5 ms were injected in the presynaptic
PV neurons to elicit an action potential. The respective GABAergic response in the granule cells
was recorded in the presence of CNQX and AP-5. 50 responses were recorded for each pair of
cells. Data were acquired at a sampling frequency of 100 kHz, filtered at 1 kHz and analyzed
offline using pClamp10 software (Molecular Devices, Sunnyvale, CA, USA).
Optogenetic recordings
Procedures were performed as previously described (5). Field light stimulation of ChETAexpressing PV neurons was done through a 40x objective using a SPECTRA X LED light engine
(Lumencor, OR, USA). Evoked IPSCs were recorded in granule cells in the presence of CNQX
and AP-5 (to block glutamatergic transmission) in a Cl-rich internal solution (in mM): 126 KCl, 4
NaCl, 1 MgSO4, 0.02 CaCl2, 0.1 BAPTA, 15 Glucose, 5 HEPES, 3 ATP and 0.1 GTP in which
the pH was adjusted to 7.3 with KOH and osmolarity was adjusted to 290 mosmol/l with sucrose.
Data were acquired at a sampling frequency of 100 kHz, filtered at 1 kHz and analyzed offline
using pClamp10 software (Molecular Devices, Sunnyvale, CA, USA).
Immunohistochemistry
Mice were transcardially perfused with 4°C cold 4% paraformaldehyde. Staining of 80 m thick
floating sections used commercial antibodies against Kv3.1 (NeuroMab UC-DAVIS, 75-041, 1:
500), PV (Sigma Aldrich, P0388, 1:2000 or Abcam 11427, 1:1000) and GFP (Abcam 1218, 1:500),
with secondary Alexa goat anti- mouse or goat anti-rabbit were used (Thermo Fisher Scientific,
Waltham, MA). Auto fluorescence was used to detect mCherry and cell nuclei were detected using
DRAQ5 (Thermo Fisher Scientific, Waltham, MA). 4-6 coronal sections of 80 μm thickness were
stained per antibody per mouse. To quantify the number of PV cells co-expressing mCherry a total
of 17.3 ± 3.79 PV+ cells of the sub-granular zone of the dentate gyrus were used per mouse.
Mouse behavior
In all DREADD experiments, CNO (Sigma Aldrich, C0832, 4 mg/ kg, in 100 l saline) was
injected intraperitoneally 30 minutes before the test. In the SSDS experiment CNO was injected
before the first defeat. In the novel object recognition test (NOR), CNO was injected before the
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training phase. For intraperitoneal injections of RE1, the drug was dissolved in 10% 2hydroxypropyl--cyclodextrin 5% DMSO.
Chronic social defeat stress (CSDS) was applied as previously described (7). In the subthreshold
SDS paradigm (SSDS), each intruder mouse was subjected to 3 sessions of 2-minute physical
defeat. Between each session, the intruder spent 15 minutes in the divided side of the cage. At the
end of the third session the intruders were returned to group housing in their home cage. The social
interaction test was conducted the next day, using unfamiliar aggressors. Open field (OF), sucrose
preference (SPT), novelty suppressed feeding (NSF), forced swim (FST) and tail suspension (TST)
tests were conducted as previously described (5, 8). In the elevated plus maze (EPM), mice were
placed in the center of a plus sign comprised of two open and two enclosed arms (dimensions of
each arm: 35 cm long, 5 cm wide, 15 cm high), elevated 40 cm above the floor. The time spent in
the open and enclosed arms was automatically detected for 5 minutes using Ethnovision 7.0
(Noldus, Wageningen, the Netherlands). In novel object recognition (NOR), mice were placed in
the center of an arena with two identical objects (training exploration phase), and again 24h later
with one familiar and one novel object (recognition phase). The time spent interacting with each
object was automatically detected for 10 minutes using Ethnovision 7.0 (Noldus, Wageningen, the
Netherlands). The object pattern separation test (OPS) was performed as recently described (9).
The task was conducted in a circular arena (55.5 cm diameter, 40 cm high) in dim light (2 Lux),
and included two trials, 5 min each, with 1h intermission spent in the home cage between the trials.
The first part was a learning trial in which the mouse freely explored the arena with two identical
objects placed across from each other. For the test trial, one object was moved to a new position
with a predefined distance of 0, 9 or 18 cm from the familiar position. Animals were tested every
other day, once for each displacement for a total of 3 tests. The time spent interacting with each
item during the test trial was automatically detected using Ethnovision 7.0 (Noldus, Wageningen,
the Netherlands). The discrimination index was defined as: [(Time interacting in the new location)
- (Time interacting in the familiar location)] / [(Time interacting in the new location) + (Time
interacting in the familiar location)].
Statistical analysis
All data are expressed as means ± s.e.m. Statistical analysis was performed using GraphPad
Prism7. In all experiments, p < 0.05 was considered significant.
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Supplementary Figure S2. Depressive and anhedonic behaviors in p11 cKO. A. Ratio between
the time spent in the open and closed arms in the elevated plus maze test (EPM) in WT (n= 9) and
cKO (n= 9). *p= 0.024 by unpaired t-test. B. Sucrose preference test (SPT) in WT mice and cKO
(n= 11, 10), after 24 and 48 hrs. of consumption. Unpaired t-tests. C-E. Effect of 14 days of
citalopram (CIT, 10 mg/kg, intraperitoneally) or vehicle (Veh, 100 l saline) on depressive-like
behaviors. C. Latency to approach food pellet in the novelty suppressed feeding test (NSF) in WT
mice (n= 7 Veh, 7 CIT) and cKO (n= 7 Veh, 8 CIT). Two Way ANOVA. F Genotype X treatment
(1, 25) = 5.8, P= 0.024. **p= 0.004 vs. WT Veh by post hoc Bonferroni. D. Immobility time in
the forced swim test (FST) in WT (n= 7 Veh, 7 CIT) and cKO (n= 7 Veh, 7 CIT). Two Way
ANOVA. F Genotype X treatment (1, 24) = 5.4, P= 0.030. *p= 0.040 vs. WT Veh by post hoc
Bonferroni. E. Immobility time in the tail suspension test (TST) in WT (n= 8 Veh, 8 CIT) and
cKO (n= 7 Veh ,8 CIT). Two Way ANOVA. F Genotype X treatment (1, 27) = 5.8, P= 0.023. *p=
0.019 vs. WT Veh by post hoc Bonferroni. F. Novel object recognition test (NOR), in WT (n= 15)
and p11 cKO mice (n= 15). *p= 0.024 by unpaired t-test. G. Design of the object pattern separation
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task (OPS). One of the objects is displaced by 0, 9 or 18 cm between the learning- and test-trials.
H., I. Line and bar graph summaries of OPS in WT (n= 11) and cKO (n= 13). Two Way ANOVA
RM. Genotype X Displacement F (2, 44) = 8.154; P= 0.001, Genotype F (1, 22) = 21.93; P=
0.0001, Displacement F (1, 42) = 11.13; P= 0.0002. ***p< 0.0001 by post hoc Bonferroni.
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Supplementary Figure S3. Chemogenetics manipulation in DG PV cells does not affect
recognition and helplessness. A. Representative immunohistochemical images showing
expression of mCherry-positive cells throughout the DG after injection of AAV Gs-DREADD.
Scale bar, 500 m. GCL, granule cell layer. B. Representative immunohistochemical images
confirming co-expression of mCherry in DG PV cells after injection of AAV mCherry. Scale bar,
50 m. ML, molecular layer; GCL, granule cell layer. C. Quantification of the fraction of PV cells
infected with DREADD in mCherry (n= 6), Gi-DREADD (n= 6), Gs-DREADD (n= 6) mice. One
Way ANOVA. F (2, 15) = 0.103, P= 0.902. D. Immobility time in the tail suspension test (TST)
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after chemogenetic manipulation in mCherry (n= 7), Gi-DREADD (n= 10), and Gs-DREADD (n=
10) mice. One Way ANOVA. F (2, 24) = 1.30, P= 0.29
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Supplementary Figure S4. Basal physiological properties of PV neurons are not different
between WT and cKO mice
A. Resting membrane potential is not significantly different between PV neurons from WT and
cKO mice. B. Representative action potentials from WT and cKO DG PV neurons. C-F. Action
potential properties such as AP threshold (c), AP amplitude (D), half-amplitude width (E) and the
fast after hyperpolarization current (fAHP, F) show no significant difference between PV neurons
from WT and cKO mice. n = 16 neurons/ 8 mice for WT and 15 neurons/ 8 mice for cKO. Unpaired
t-tests.
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Supplementary Figure S5. HCN currents in PV neurons are not different between WT and
cKO mice
A. Bar graph summary of mRNA expression levels of the HCN isoform genes in PV hippocampal
neurons from p11 WT PVTRAP mice. B, C. Representative traces of HCN currents (B) and the I-V
curves (C) showing the HCN amplitude in PV neurons from WT and cKO mice in response to
increasing 10 mV potential steps from -140 mV to -50 mV (n = 5/ 3 for WT and 3/ 2 for cKO).
Unpaired t-tests.
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Supplementary Figure S6. Changes in Kv3.1 protein level in the brain of p11 cKO mice.
A. Brain atlas images of the areas of analysis. Arrows indicate the anterior and posterior CA1
(aCA1, pCA) and DG (aDG, pDG). Numbers represent distance (in mm) anterior from Bregma.
B.

Representative immunohistochemical images showing the colocalization of Kv3.1 in

hippocampal PV cells in WT and cKO mice. Scale bar: 50 m. C. Statistical analysis of
immunolabeling mean intensity of Kv3.1 in PV cell somas. Mean pixel values from WT (n= 52
aCA, 33 aDG, 39 pCA and 26 pDG PV cells, each from 9 sections / 3 mice) and cKO (n= 19 aCA,
25 aDG, 17 pCA, 13 pDG PV cells 9 sections/ 3 mice). Two Way ANOVA. Genotype F (1, 216)
= 2.876; P= 0.09. D. Normal QQ plot analysis showing the distribution of Kv3.1 mean pixel values
in 151 PV cells from WT and 74 from cKO mice. K2 (WT) = 3.2, P= 0.17; K2 (cKO) = 41.06
***P < 0.0001 by D’Agostino and Pearson. E. Representative immunoblot from lysates of nucleus
accumbens (NAc), prefrontal cortex (PFC), and amygdala (AMY) in WT and cKO mice. Arrows
and numbers represent protein weights in KDa. F. Densitometry of the data presented in (e) in n=
8 animals per group for the NAc and n= 6 animals per group for the PFC, AMY. *p< 0.05 by
Unpaired t-test.
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Supplementary Figure S7. Inhibitory and excitatory synaptic input on DG PV neurons is not
significantly different between WT and cKO mice
A. Representative traces of miniature inhibitory postsynaptic currents (mIPSCs) in PV neurons
from WT (upper rows) and cKO mice (lower rows) measured in 1 µM TTX, 50 µM APV and 10
µM CNQX. B, C. Histograms showing that neither the amplitude (B) nor the frequency (C) of
mIPSCs is changed between PV neurons from WT and cKO mice (n = 4/ 2 for WT and 6/ 3 for
cKO). D. Representative traces of miniature excitatory postsynaptic currents (mEPSCs) in PV
neurons from WT (upper rows) and cKO mice (lower rows) measured in 1 µM TTX and 30 µM
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bicuculline. E, F. Histograms showing that neither the amplitude (e) nor the frequency (F) of
mEPSCs is changed between PV neurons from WT and cKO mice (n = 9/ 3 for WT and 14/ 4 for
cKO). G. Representative traces of miniature excitatory postsynaptic AMPA currents (mAMPAs)
in PV neurons from WT (upper rows) and cKO mice (lower rows) measured in 1 µM TTX, 50 µM
APV and 30 µM bicuculline. H, I. Histograms showing that neither the amplitude (H) nor the
frequency (I) of mAMPAs is changed between PV neurons from WT and cKO mice (n = 5/ 2 for
WT and 5/ 2 for cKO). Unpaired t-tests.

19

Medrihan et al.

Supplementary

Supplement

Figure

S8.

Comparison

between

double-patch

and

optogenetic

monosynaptic responses in PV-GC synapses.
A. Representative traces of paired-pulse (100 ms interval) double patch recordings from PV and
GC neurons in WT mice. The monosynaptic GABAergic responses were recorded in GCs upon
action potential generation in PV neurons (1-2 nA, 1ms) and in the presence of 50 µM APV and
10 µM CNQX to block glutamatergic receptors. B, C. Histograms showing that neither the 1st
amplitude (B) nor the paired-pulse ratio (C) of the GC responses evoked in the double patch
configuration are different compared to the GC responses evoked by the optogenetic stimulation
of PV neurons (n = 2 pairs for double patch recordings. Optogenetic data are shown also in Figure
4). Unpaired t-tests.
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Supplementary Figure S9. Colocalization analysis of Kv-GFP in stably transfected cells.
A-C. Representative images of fixed cells stably transfected with GFP tagged Kv3.1 showing
colocalization of the endoplasmic reticulum marker calnexin (red in A, C) and GFP (green in B,
C). Note that only a subpopulation of cells in the mixed culture expresses the tagged protein. Scale
bar, 10 m. D. Visual representation of the colocalization in the 4 cells that express the tagged
protein. Colocalized pixels are in yellow. E. Cytofluorogram summary of the four cells.
Colocalization coefficient (index) was calculated for each cell individually.
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Supplementary Figure S10. Biochemical analysis of overexpression of Kv3.1 in DG PV cells.
A. Representative immunoblot from hippocampal lysates of control (PV-Cre) and cKO mice
treated with overexpression (O/E) of GFP or Kv3.1. Tissue was collected 21 days after the
injection. B. Densitometry of the data presented in (A) in n= 6 animals per group. Two Way
ANOVA. Genotype X Virus F (1, 20) = 6.431; P= 0.02. Genotype F (1, 20) = 40.3; P< 0.001. *p=
0.012 by post hoc Bonferroni.
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Supplementary Figure S11. RE1 increases the amplitude of Kv currents and the firing of
Purkinje neurons
A. Representative traces of Kv potassium currents evoked with one potential step from -70 to +50
mV in cerebellar Purkinje neurons in different RE1 concentrations. B. Box and whiskers graphs
showing the effect of different RE1 concentrations on the changes in amplitude of Kv currents in
cerebellar Purkinje neurons (n = 5 neurons from 5 mice for each concentration); Paired t-test, *p=
0.031, **p= 0.009. C. Representative traces of Kv potassium currents evoked with 10 mV potential
steps from -70 to +50 mV in cerebellar Purkinje neurons in control (black) and after the addition
of 1µM RE (red). D. RE1 (1µM) significantly increased the amplitude of the Kv current in
cerebellar Purkinje neurons (n = 5 neurons from 5 mice); Paired t-test, *p= 0.04, **p < 0.01. E.
Representative traces of action potential (AP) firing in cerebellar Purkinje neurons in response to
400 pA injected current in control (black) and after the addition of 1 µM RE1 (red). F. RE1 (1µM)
significantly increased the frequency of APs in cerebellar Purkinje neurons (n = 3 neurons from 2
mice); Paired t-test, *p < 0.05.
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Supplementary Figure S12. A. Thigmotaxis behavior in the open field test (OF) in p11 cKO
treated for 3 days with RE1 (0.5  in 100 l intraperitoneally) or with vehicle (n= 5 mice per
group). OF thigmotaxis was test 30 min after the third injection. Unpaired t-test.
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