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Author Questionnaire 

1. Microscopy: Does your protocol demonstrate the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  Y, Olympus BX61WI

2. Software: Does the part of your protocol being filmed demonstrate software usage?  N

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of Shots: 33


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Kensuke Futai: Gene transfection is a vital approach for neurobiology studies. Our electroporation technique enables us to transfect gene of interests into neurons in organotypic hippocampal slice cultures with no detectable side effects [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: 

1.2. David Keener: This protocol has a much higher transfection efficiency compared to other single-cell protocols but it still relatively inexpensive and simple to perform [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 

1.3. Kensuke Futai: This technique will be useful for researchers interested in understanding specific molecular and physiological functions of neurons, including cell-autonomous mechanisms and trans-synaptic protein interactions [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera




Protocol
2. Electroporation Preparation
2.1. To prepare slice cultures for electroporation, transfer the culture inserts of interest into individual 3-centimeter Petri dishes loaded with 900 microliters of culture medium [1-TXT] and place the cultures in a tabletop carbon dioxide incubator [2].
2.1.1. WIDE: Talent placing insert(s) into dish, with medium container visible in frame TEXT: See text for all medium and solution preparation details
2.1.2. Talent placing dish into incubator

2.2. Next, preincubate fresh culture inserts with 1 milliliter of slice culture medium per insert in a 3.5-centimeter Petri dish for at least 30 minutes [1] and sterilize the lines of the electroporation rig with 10% bleach for 5 minutes [2]. 

2.2.1. Talent adding medium to insert(s), with medium container visible in frame
2.2.2. Talent flushing rig, with bleach container visible in frame
	
2.3. At the end of the perfusion, rinse the lines with deionized autoclaved water for at least 30 minutes [1] before perfusing with filter-sterilized aCSF (A-C-S-F) containing 0.001-millimolar tetrodotoxin [2-TXT].

2.3.1. Line(s) being rinsed
2.3.2. Talent adding aCSF to line(s), with aCSF container visible in frame TEXT: aCSF: artificial cerebral spinal fluid 

2.4. Set the electroporator pulse to an amplitude of minus 5 volts, a square pulse, a train of 500 milliseconds, a frequency of 50 hertz, and a pulse width of 500 microseconds [1].

2.4.1. Talent setting pulse parameters

2.5. Fill a glass pipette with 5 microliters of plasmid-containing internal solution [1] and gently flick and tap the tip multiple times to remove any trapped bubbles [2].

2.5.1. Talent filling pipette
2.5.2. Tip being tapped/flicked

2.6. Use a dissection microscope to confirm that the tip is not damaged [1] and securely attach the pipette tip to the electrode [2].

2.6.1. Talent checking tip under microscope
2.6.2. Talent attaching pipette tip to electrode

2.7. Turn the speakers on [1]. When the tip makes contact with the aCSF [2], record the pipette resistance readout of the electroporator [3].

2.7.1. Talent turning on speakers
2.7.2. SCOPE: Tip making contact
2.7.3. SCOPE: Shot of readout

2.8. To isolate a slice culture, cut the culture insert membrane with a sharp blade [1] and use sharp angled forceps to carefully transfer the slice culture to the electroporation chamber [2].

2.8.1. Membrane being cut
2.8.2. Slice culture being transferred to chamber

2.9. Then fix the culture position with a slice anchor [1-TXT].

2.9.1. Position being fixed TEXT: Do not keep slice cultures outside incubator >30 min/time 

3. Electroporation

3.1. For electroporation of the cells of interest, apply positive pressure to the pipette by mouth [1-TXT] and use the 3-dimensional knob controls to maneuver the pipette tip to near the surface of the slice culture [2].

3.1.1. WIDE: Talent applying positive pressure by mouth TEXT: Alternative: Apply pressure with 1-mL syringe
3.1.2. Tip being maneuvered near surface

3.2. Viewing the culture with the microscope, approach the target cell with the tip, keeping the positive pressure applied until a dimple forms on the cell surface [1].

3.2.1. SCOPE: Cell being approached, pressure being applied, dimple forming

3.3. Upon visualization of the dimple, quickly apply mild negative pressure by mouth [1] so that a loose seal forms between the pipette tip and the plasma membrane. The membrane will slightly enter the pipette [2].

3.3.1. SCOPE: Negative pressure being applied Videographer: Important/difficult step
3.3.2. SCOPE: Seal being formed/membrane entering tip Videographer: Important/difficult step

3.4. An approximately 2.5x increase in the initial resistance of the pipette should be observed, as indicated by an increase in tone from the speakers [1]. Quickly re-apply positive pressure so that the dimple re-forms [2].

3.4.1. Shot of set up Videographer: Important/difficult step/please capture tone as possible/Video Editor: please include tone as possible  
3.4.2. SCOPE: Pressure being applied/dimple re-forming Videographer: Important/difficult step

3.5. Then immediately complete at least two more pressure cycles as just demonstrated without pausing [1]. 

3.5.1. SCOPE: Negative pressure being applied/membrane slightly entering tip Videographer: Important step

3.6. After the last pressure pulse, hold the negative pressure for 1 second [1]. When the tone from the speakers reaches a stable apex in pitch [2-TXT], use the foot pedal to quickly pulse the electroporator [3-TXT].

3.6.1. Talent holding negative pressure Videographer: Important step
3.6.2. Talent at electroporator, with foot on pedal, pressing pedal when tone reaches apex Videographer: important step/please capture tone as possible/Video Editor: please include tone as possible TEXT: Stable apex = peak electrical resistance
3.6.3. SCOPE: Cell being electroporated Videographer: Important step TEXT: Do not wait >1 s after peak resistance 

3.7. After the electroporation, gently retract the pipette approximately 100 microns from the cell without applying pressure [1-TXT] and re-apply positive pressure, verifying that the resistance is similar to the baseline readout [2] before approaching the next cell [3]. 

3.7.1. SCOPE: Pipette being retracted TEXT: Apply positive pressure to remove any pipette clogs as necessary
3.7.2. Shot of readout
3.7.3. SCOPE: Cell being approached

3.8. When all of the cells of interest have been electroporated, transfer the slice culture onto one of the prepared fresh culture inserts [1] and place the insert at 35 degrees Celsius for up to 3 days [2].

3.8.1. Talent adding slice to insert
3.8.2. Talent placing insert into incubator 



Protocol Script Questions

A. Which steps from the protocol are the most important for viewers to see? 
3.3.-3.6.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.3., 3.4., which describe the process for pressure cycling. Since it must be done both very quickly and extremely carefully so as not to damage the cell, the best way to become competent is to practice it over and over until it becomes easy to judge exactly how much pressure to apply and for how long. 


Results
4. Results: Representative Mouse Hippocampal Excitatory and Class-Specific Inhibitory Neuron Electroporation Efficiency

4.1. In this representative experiment [1], EGFP (E-G-F-P) was transfected into 5-20 pyramidal neurons in the hippocampal CA1 (C-A-one) area [2-TXT] across 7, 14, and 21 days in vitro slice culture ages [3].

4.1.1. LAB MEDIA: Figure 2
4.1.2. LAB MEDIA: Figure 2 Video Editor: please emphasize Figure 2A TEXT: EGFP: enhanced green fluorescent protein
4.1.3. LAB MEDIA: Figure 2 Video Editor: please sequentially emphasize DIV7, DIV14, and DIV21 images in Figure 2B

4.2. Parvalbumin and vesicular glutamate type 3 interneurons can also be successfully electroporated within the hippocampal CA1 area [1].

4.2.1. LAB MEDIA: Figures 3 and 4 Video Editor: please emphasize all Figure 3 then all Figure 4 EGFP images

4.3. Interestingly, transfection is not significantly affected by the day in vitro slice culture age [1] and does not differ with the transfection efficiency observed in CA1 pyramidal neurons [2].

4.3.1. LAB MEDIA: Figure 5 Video Editor: please sequentially emphasize DIV7, DIV14, and DIV21 graph sections
4.3.2. LAB MEDIA: Figure 5 Video Editor: please add/emphasize n.s. texts 





Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. David Keener: Neurons are very fragile. You must be extremely cautious and gentle when approaching and pressure cycling the cells and retracting the pipette tip to avoid causing serious damage [1].

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (3.2.-3.4., 3.7.) 

5.2. Kensuke Futai: After electroporation, the cells can be subjected to various experimental analyses, including electrophysiology and imaging [1].

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
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