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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N_____ If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? _______Glass pipette cutting and fulling, Pup handling, injection, electrode orientation, and electroporation____________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ________penetrating to the appropriate depth—not too deep or superficial—this requires focus, dexterity (to feel when the skull is punctured and stop force immediately), and practice___________



1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):


Procedural Narrative:

The overall goal of this procedure is to genetically label and manipulate pial surface neural progenitors. (Intro)

This is accomplished by first inserting a glass pipette filled with plasmid DNA solution into the pial surface region. (P1)

The second step is to inject the DNA into the meningeal space overlying the pial surface. (P2)

Next, the electrodes are oriented to appropriately deliver current to the pial surface. (P3)

The final step is that DNA is electroporated into pial surface progenitors by application of current. (P4)

Ultimately, this method can be combined with other techniques to show the natural history and molecular determinants of pial surface neural progenitor proliferation, migration and/or differentiation. (P5)

P1: LAB MEDIA: Graphic overview Breunig Figure 1.ai, P1. Insert pipette into brain, optional: fill the pipette with blue solution beforehand
P2: LAB MEDIA: Graphic overview Breunig Figure 1.ai, P2. Inject the blue solution into to the brain
P3: LAB MEDIA: Graphic overview Breunig Figure 1.ai, P3. Retract the needle and position the electrodes
P4: LAB MEDIA: Graphic overview Breunig Figure 1.ai, P4. With the electrodes in place apply the lighting bolt to represent the electroporation
P5: LAB MEDIA: Graphic overview Breunig Figure 1.ai, P5. Begin with the brain on top with everything removed. Add the green area, then the arrow and then the cells and text at the bottom


Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

[image: 6]
Uploaded as *.ai file to website as “6.2 Graphic Overview Breunig Figure 1.ai”



B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Moise Danielpour: The main advantage of this technique over existing methods, like retrovirus trandsuction, is that electroporation is safer, more flexible, and requires no viral production and packaging.   
1.2. Joshua Breunig: This method can help answer key questions in the postnatal neural stem and progenitor field, such as what is the contribution of pial surface progenitors to tissue histogenesis and neuronal circuit function.  



Protocol (read by voice talent at JoVE):


2. Preparation

2.1. To begin, use a pipette puller to form pipettes from glass capillary tubes.  Once pulled, cut the tip with sharp scissors.
2.1.1. MED: Talent approaches pipette puller
2.1.2. CU: Talent cuts pipette tip
2.1.3. ECU: Example of pipette tip once prepared. Text Overlay ( ~100 µm tip).

2.2. Next, prepare a 1% fast green stock solution using filtered nuclease-free water.
2.2.1. MED: Talent prepares solution

2.3. After diluting endotoxin-free plasmid DNA in Tris-EDTA (TE) buffer, combine it in the appropriate proportions to the 1% fast green solution.   
2.3.1. MED: Talent dilutes plasmid. Text overlay (0.5-2.0 µg/µl final concentration) [MED shot at end of take 2]
2.3.2. MED: Talent adds fast green solution. Text overlay (1:10, 0.1% w/v final concentration of fast green).   

2.4. Using a standard pipette, place the desired amount of plasmid mix to be injected onto a piece of paraffin wax film for reference.   
2.4.1. MED: Talent places drop on paraffin
2.4.2. CU: Shot of the drop on the paraffin (showing the correct size/shape)

2.5. Next, using a microinjector, carefully insert the assembled glass pipette into the tube containing the plasmid mixture. Avoid touching the tip to the edges of the tube to prevent breaking.
2.5.1. MED: Talent begins inserting pipette
2.5.2. CU: Talent inserts pipette, emphasis on the tip not touching the edge                                                                                                                                                                                                                                                     

2.6. Aspirate the solution into the pipette by slowly dialing back the transfer dial.  Once a sufficient volume has been loaded, dial forward until the pressure returns to the neutral position of 0 hPa.
2.6.1. MED: Talent turns dial to aspirate solution
2.6.2. MED: Talent turns dial to return the pressure to a neutral position
2.6.3. [added shot] Solution in vial

2.7. Next, place the tip next to the reference injection and use the foot pedal from the microinjector to eject one volume.  Adjust the pressure until the amount equals the previously pipetted reference volume.
2.7.1. MED: Talent uses foot petal to inject one volume
2.7.2. [insert between the first part of 2.7.1 and the last part] CU/ECU: Example of the two drops side by side. Text overlay (300-450 hPa)


3. Pial Surface Plasmid Injection

3.1. After calibrating the injection volume, retrieve the animals for plasmid injection. 
3.1.1. WIDE: Talent walks in with animals

3.2. Once the depth of anesthesia is confirmed, hold the pup using the thumb and index finger of the less dominant hand.
3.2.1.  MED: Talent confirms sedation. Text overlay (Hypothermia-induced)
3.2.2. CU: Talent holds pup in correct position

3.3. Use the dominant hand to target the desired region.  The cortical hemispheres and other superficial structures such as the superior colliculi should be readily visible.
3.3.1. CU: Talent points to the correct position with dominant hand
3.3.2. CU/ECU: Example of the features mentioned, Talent may point to structures for emphasis 

3.4. Once the correct location has been identified, insert the pipette past the skin and skull, taking care to avoid cerebral arteries. To target the pial surface, immediately cease advancing the pipette as soon as the skull has been penetrated.
3.4.1. ECU: Talent begins inserting pipette, emphasize the angle, keep filming until the needle penetrates the skull and the Talent stops advancing the needle [last 2 Takes best]
3.4.2. ECU: Example of the pipette inserted at the correct depth and angle [last 2 Takes best]

3.5. With the pipette tip in the correct position, inject the plasmid solution using the foot pedal of the microinjector. 
3.5.1. MED: Talent uses foot pedal to inject plasmid [last 2 Takes best]
3.5.2. ECU: Shot of the pipette during injection [Take 4 best]

3.6. After the injection, carefully remove the pipette.
3.6.1. CU: Talent removes pipette [last 2 Takes best]

3.7. Prevent the tip from drying and clogging in between injections by placing it into the test droplets located on the paraffin film. 
3.7.1. MED: Talent places pipette tip in test drop [Take 1 and 3 best]

3.8. Repeat these steps until all pups are injected. 
3.8.1. MED: Talent injects another pup


4.  Electroporation

4.1. To increase conductance and prevent burning of the skin, cover 3mm platinum tweezertrodes with electroporation gel. Next, adjust the Electroporator settings.
4.1.1. MED: Talent places gel on electrodes
4.1.2. MED: Talent adjusts settings. Text overlay (135-150V for five pulses, lasting 50 ms, 950 ms intervals).

4.2. For injections into the cortex, place the negatively charged probe over the injected area and the positively charged probe around the contralateral region below the eye.  The electrode orientation should be at a 45-60 degree angle relative to the midline. 
4.2.1. CU: Talent places negative electrode
4.2.2. CU: Talent places the positive electrode
4.2.3. CU/ECU: Example of the electrode in the correct position, emphasis on the angle

4.3. Use the foot pedal to trigger the current and hold the tweezertrodes in place for 3-5 pulses, depending on the pup’s age and weight. The pulses should target the DNA into the underlying pial surface cells.
4.3.1. MED: Over the shoulder of talent using the foot pedal
4.3.2. CU: Shot of the pup during electroporation

4.4. The negative pole can be swept over the injection area in between pulses or a larger electrode can be employed to increase the electroporated area.
4.4.1. CU: Talent sweeps negative pole over injection area
4.4.2. CU: Example of Talent using a larger electrode

4.5. Immediately after electroporation, carefully clean off the gel from pups and place them under a heat lamp for approximately 5 minutes.  
4.5.1. CU: Talent cleans gel off pups
4.5.2. MED: Talent places pup under heat lamp

4.6. Pups will acutely lose their natural redish-pink hue in the minutes after electroporation due to cyanosis.  Observe the pups for the recovery of natural color and the initiation of normal movement before returning them to their cages.  
4.6.1. CU: Example of pup that has lost its color
4.6.2. CU: Example of a pup that has regained its natural color and is moving

4.7. For injections into the superior colliculus, locate the target region just posterior and lateral to lambda and roughly at the midline. Follow the same steps just demonstrated.  
4.7.1. MED: Talent locates the target region
4.7.2. CU: Talent performs injection

4.8. With successful injections, the plasmid mix naturally fills the contours of the superior colliculus.  
4.8.1. CU/ECU: Example of the plasmid mix filling up superior colliculus

4.9. When electroporating after superior colliculus injections, place the negatively charged probe of the electrode over the injected area and the positively charged probe around the eye, snout or chin.  In this case, the electrode orientation is at a 25-40 degree angle relative to the midline.
4.9.1. CU: Talent places negative electrode 
4.9.2. CU: Talent places positive electrode
4.9.3. CU/ECU: Shot of the electrode during electroporation, emphasizing the angle


5. Results:  Pial Surface Expression

5.1. This image shows the dorsolateral cortex after electroporation of fluorescent reporter plasmids expressing membrane-tagged Clover, in green, and TagBFP2 nuclear protein, shown here in red pseudocolor. 
5.1.1. LAB MEDIA: Figure 4A, Add the text (in the appropriate color) and then add text “2 weeks”, optional: label image as dorsolateral cortex 

5.2. Extensive dendrites are found in this cortical interneuron roughly two months post-electroporation. 
5.2.1. LAB MEDIA: Figure 4B, add an arrow pointing to the dendrites (the white branches)

5.3. EGFP+ cells are BrdU-positive, indicating that they were proliferating during the electroporation procedure.
5.3.1. LAB MEDIA: Figure 4C, Start with the top panel and add the others in order



6. Conclusion (said by authors on camera)

6.1. Joshua Breunig: While attempting this procedure, it’s important to remember to focus on proper targeting of the pial surface to avoid disruption of the underlying cortex and/or vasculature.

       

Provided Media

Authors, please list all additional* images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

*Figure files already uploaded do not need to be provided again unless modifications have been made.

6.2 Graphic Overview Breunig Figure 1.ai


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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