
Supplementary Methods 

Fifteen E14.5 pregnant mice of ICR background were used for in utero electroporation and 

survival offspring (around 50% of the entire litter) were euthanized at E16.5, E18.5, P0, P5, P10, 

P14, P20, P30, P40, P60, P90, P120, and P150.  An additional ten E14.5 pregnant mice of ICR 

background were used for in utero electroporation solely for electrophysiological studies which 

were performed at P14-P21. 

Focal in utero electroporation and plasmid vectors 

Electroporation was used to transfect neuroepithelial cells in utero with mammalian 

expression vectors as described previously (Tabata and Nakajima, 2001). The plasmid pCAG-

RFP, comprising a cytomegalovirus enhancer and a beta-actin promoter-driven red fluorescent 

protein (RFP) reporter gene, was used in this work. All animal procedures conformed to USDA 

regulations and were approved by the CNMC IACUC. Timed-pregnant dams were anesthetized 

with ketamine and xylazine (10mg/ml and 1mg/ml) and uterine horns were partially exposed after 

midline laparotomy. The embryos were positioned head-upright using atraumatic forceps to place 

the interaural line in the horizontal plane. Manually pulled micropipettes were used to inject 1-2 

microliters of plasmid DNA (3-4µg/µL; mixed with 0.03% Fast Green dye in phosphate buffer) into 

the cerebral ventricles using a microinjector PLI-100 (Harvard Apparatus). The microinjector 

delivered each drop of plasmid at 7psi for 500msec.  Tweezertrodes (Genetronics, Inc.) covered 

in SignaGel (Parker Laboratories, Inc.), were placed outside of the uterine muscle in register to 

the interaural line passing through the dorsal telencephalon of the embryo.  This corresponded to 

the 0° configuration. Five, 33V pulses (50 msec duration, each separated by 950 msec) were 

applied using a BTX ECM830 electro square porator (Genetronics, Inc.).  We observed that we 

could modulate the number of transfected neurons across the CA1-CA3 field by manipulating the 

concentration of plasmid DNA (data not shown).  Likewise, we could reliably transfect neurons of 

the CA1 or CA3 subfields independently by modulating the orientation of the electric field during 

electroporation.  During the pulses, the electrodes were either swept from 0° to 45° for targeting 



the DG+CA3+CA1 or kept either at 0° or 45° for targeting CA3 or CA1 individually (see Fig 1a).  

After electroporation of all embryos in one uterine horn, the uterus was replaced within the 

abdomen, the cavity was filled with warm sterile physiological saline, and the abdominal muscle 

and skin incisions were closed with sutures. After i.p. injection of yohimbine (0.2µg/gm b.w.) for 

xylazine reversal, animals were left to recover in a clean cage (animals usually recovered within 

10 minutes).  

Histology and immunohistochemistry 

After various survival periods, mice were anesthetized with ketamine and xylazine, and then 

transcardial perfused with PBS pH 7.4 and fixative containing 4% paraformaldehyde in PBS. 

Brains were fixed overnight before cryoprotection in 30% sucrose in PBS. 

Brains were sectioned at 20 µm thickness using a HM 505 EP cryostat (Micron GmbH, 

Walldorf Germany), and mounted onto Superfrost Plus slides (Fisher Scientific, Pittsburg, PA).  

Sections were treated with 0.2% Triton X-100 in PBS (PBT) and non-specific staining was blocked 

with 10% serum in PBT. The serum used matched the species of the secondary antibody used. 

The primary antibodies used in the present study were rabbit anti-calbindin, rabbit anti-CCK, 

rabbit anti-parvalbumin, sheep anti-NPY and rabbit anti-calretinin (all 1:200; Chemicon 

International, Tamecula CA).  The secondary antibodies were AMCA-conjugated goat anti-rabbit 

IgG and AMCA-conjugated donkey anti-sheep IgG (all 1:1000; Jackson Immuno Research, West 

Grove PA) . All sections were counterstained with Hoechst 33342 for nuclear staining. 

Images were acquired either on a Zeiss LSM 510 META confocal microscope or a Zeiss 

Apotome microscope.  Photomicrographs and figures were prepared using Axiovision (Carl Zeiss, 

Inc.) and Adobe Photoshop and Illustrator software. 

In situ hybridization 

The RFP sequence from pCAG-RFP was subcloned into Bluescript II SK+ vector in order to 

obtain digoxigenin-labelled RNA probe. The in situ hybridization experiments were conducted 

following a published protocol (Toresson et al., 1999). 



Electrophysiology  

All functional analyses were performed in P14-P21 animals that had been previously 

electroporated in utero (E14.5) with the pCAG-RFP construct as described above. 300µm sagittal 

hippocampal slices were acutely isolated with a Leica VT1000S vibratome in cold sucrose-

containing phosphate buffer solution of the following composition (in mM):  NaCl 87, KCl 2.5, 

CaCl2 0.5, MgCl2 7, NaHCO3 25; NaH2PO4 1.25; glucose 25; sucrose 75. The slices were 

incubated at 35oC in the same solution for 20 minutes then allowed to cool to room temperature 

for another 20 minutes before transferring to a holding chamber containing extracellular bath 

solution of the following composition (in mM): NaCl 124, KCl 3, CaCl2 2.5, MgSO4 1.3, NaHCO3 

26; NaH2PO4 1.25; glucose 15; adjusted to pH 7.2 and 275 mOsm. After 1 hour recovery, slices 

were transferred to a recording chamber and perfused with extracelullar solution at a rate of 2-3 

ml/min.  The solutions at all stages of slice preparation and physiological recordings were 

continuously bubbled with 95% O2/5% CO2. The patch pipettes had resistances between 3 and 6 

MΩ when filled with a K+-gluconate based intracellular solution containing 0.5mg/ml biocytin.  

Cells in CA1 pyramidal cell layer were visualized with an Olympus BX51WI microscope 

(Olympus America Inc, Center Valley, PA) fitted with the appropriate fluorescence attachments 

and filters. Patch pipette approach of the cells was under visual control with differential 

interference contrast optics coupled with infra-red video microscopy. Recordings were performed 

in an interleaved manner from transfected (RFP+) and non-transfected CA1 neurons.  

In current-clamp mode (with a K-gluconate based internal solution), the resting membrane 

potential was measured immediately after whole-cell access at zero current. Sub-threshold 

depolarizing and hyperpolarizing current pulses (-40pA to +40pA; 20pA steps) were delivered. 

The steady-state voltage responses were plotted against the amplitude of current injection and 

the slope of the linear fit of this relationship was determined to calculate input resistance. The 

membrane time constant was calculated by fitting a single exponential curve to the rising phase of 



the voltage response to the +20pA sub-threshold depolarizing current injection. To elicit action 

potential discharge a prolonged depolarizing current pulse of +600pA (60s duration) was 

delivered using PClamp9.2 software (Molecular Devices, Sunnyvale, CA) from which the firing 

frequency was calculated. To calculate spike frequency accommodation a brief 1s depolarizing 

injection (+320 pA) was elicited and the ratio between the first and last interspike interval 

calculated.  Spike amplitude, half width, and hyperpolarization amplitudes were measured in each 

cell from the first spike elicited by the minimal current injection required to elicit action potentials 

(usually +160pA).  

Miniature excitatory postsynaptic currents (mEPSCs) were recorded using a Cs-

methonesulphonate based pipette solution.  The bath solution was as described above with the 

addition of 1µM tetrodotoxin. The holding potential was set at the calculated ECl− (approx -60mV) 

to isolate mEPSCs.  Gap-free recordings lasted for 5-10 minutes and data was analyzed off-line 

with MiniAnalysis software (Synaptosoft Inc. Decatur, GA). Data was discarded from any 

recording if the series resistance values deviated more than 15% from the beginning of the 

experiment which was typically 10-20mΩ. 

All whole-cell current-clamp and voltage-clamp recordings were performed at room 

temperature with a Multiclamp 700B amplifier (Molecular Devices, Sunnyvale, CA). Data was 

digitized and filtered at 5KHz and 10KHz, respectively. Following electrophysiological recordings, 

whole-cell access was maintained for a further 20-30 minutes to allow complete dialysis of the cell 

with the biocytin containing patch pipette solution. After withdrawal of pipette the slices were then 

processed for biocytin visualization.   

 


