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Title: Ex utero electroporation and whole hemisphere explants: a simple experimental method for studies of early cortical development.

Schematic Overview (read by a voice talent at JoVE)
The overall goal of this procedure is to prepare whole cerebral hemisphere explants for the study of early cortical development. (Intro)  This is accomplished by first harvesting mouse embryos on embryonic day 13. (P1)  Next, inject the plasmid DNA mixture into the cerebral ventricle and to perform an ex utero electroporation. (P2)  Then prepare a whole hemisphere explant from the electroporated embryo. (P3)  The final step is to fix and section the whole hemisphere explant for histological analyses. (P4)  Ultimately, the consequence of mutation or toxin exposure on cortical neuron development can be evaluated by the immunohistological analyses of GFP-expressing neurons. (P5)
[image: image1.emf]
Video editor:

Use Fig 1A.ai There’s no need to show 1B and 1C, or for that matter, the text around the graphics in 1A.
P1: nothing in the graphic shows the dissection of the pink embryo, so using a stock image of a pregnant mouse, have about 12 of those pink images of an embryo come from here uterus-region.  Fade out all but one and blow that one up.
P2: show the 1) and 2) parts of the graphic. Animate the rod entering and leaving the embryo, leaving the blue smear behind. Have the black electrodes move in to touch the embyro’s head as shown in 2).
P3: from 2) have the brain in 3) come out of its head.  Then, using 3) have the dotted lines show up and “cut along the dotted lines” to get just the shape in the upper left with the blue smear.  Have the image in 3) move to the grey disc and become the first image in 4) that then fades to the second image in 4).  Then the objective shows up above the brain, briefly, like in the top of 5).
P4: remove the objective and have the lines that move through the brain tissue in the bottom of 5) show up one at a time top to bottom and left to right.

P5: show Figure panels 3A, 3B and 3C in sequence.

There’s no need to show the still images in 1B and 1C, or for that matter, the text around the graphics in 1A.
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

I suggest the two statements at the end, not faded out.
Author name Eric Olson: The main advantage of this technique over existing methods, like slice explant electroporation, is that whole hemisphere explants are simple to prepare and provide two days of organotypic growth.   

Author name Eric Olson: This method can help answer key questions in the neural development field, such as how a particular mutation or toxin disrupts early cortical development.  

Author name Eric Olson: Generally, individuals new to this method will struggle because preparing the whole hemisphere explant without damaging the meninges can require some practice.

1.1. Eric Olson: Visual demonstration of this method is critical, as the dissection and explant transfer steps are difficult to learn, due to the sensitivity of the tissue to mechanical disruption.   

1.2. Eric Olson: Demonstrating the procedure will be Dr. Teresa Powrozek a post doc from my laboratory.  

Protocol Chapters (read by a voice talent at JoVE):

2. ex utero Electroporations with GFP 

2.1. For this protocol use a commercially available kit to purify the plasmids.  Prepare the plasmid DNA at 0.33 milligrams per milliliter in water, and add fast green dye as an injection tracer, at about 0.02% weight by volume.

2.1.1. WID: talent working with kit, to prepare plasmid, some representative mixing/etc.

2.1.2. MED: another representative DNA prep step, like unloading the centrifuge

2.1.3. ECU: fast green dye is ejected into the tube containing the plasmid DNA

2.2. Always disinfect the surgical tools, the workspace and the microscope with 70% ethanol. 
2.2.1. MED: submerging tools into ethanol bath and wiping down the bench
2.3. Then, sacrifice the required number of Swiss-Webster dams on E13 by carbon dioxide inhalation. When the embryos are removed, place them in a 10-cm dish with ice cold HBSS.
2.3.1. WID: removing asphyxiated mouse from gas chamber

2.3.2. CU: transferring embryos into a dish 
2.4. In the dish, kept ice cold, carefully dissect each embryo from the surrounding extraembryonic membranes.
2.4.1. MED: placing dish under a microscope 
2.4.2. SCOPE: removing membranes form embyos

2.5. Now, transfer each embryo individually to a clean dish with HBSS, ice cold. 
2.5.1. MED: moving embryo from dissection dish to clean dish

2.6. Using a Hamilton syringe, inject 2 to 3 microliters of the prepared DNA into the ventricle of the left cerebral hemisphere.  Do not inject into or near the cortical area intended for future analysis.
2.6.1. CU: loading syringe with plasmid DNA, dyed green

2.6.2. SCOPE: on head of embryo, injecting the brain, removing the syringe
2.7. To electroporate the DNA, hold the embryo gently with forceps and lightly place the positive paddle of the tweezer electrode on the dorsal midline of the head.  Lightly place the negative paddle underneath the embryo chin. 
2.7.1. CU: preparing to position the electroporation “paddles”, the “wide” view

2.7.2. SCOPE: precise placement of the two paddles

2.8. Run a program of five 30 volt pulses, 50 milliseconds each on one second intervals, using a BTX830 model electroporator. Other systems can be set according to their manufacturer’s instructions.
2.8.1. CU: setting 30 V, 50 msec pulses (1/sec, 5X) on the BTX830

2.8.2. MED: completing the settings and starting the charges

2.8.3. (if worthwhile) SCOPE: only if something is seen during the charges, then film the embryo while they are executed 
2.9. Return each embryo to the ice-cold HBSS and proceed with the whole hemisphere explant preparation. 

2.9.1. MED: moving the embryo back to the dish of cold solution and placing that dish back under the scope

2.9.2. WID: stretching and preparing to start 3.1.2

3. Whole Hemisphere Explant Preparation
3.1. Under a dissection microscope, using two #5 jeweler’s forceps, remove the skin and cartilaginous skull from the embryo head. 
3.1.1. Continue 2.9.2 

3.1.2. SCOPE: removing skin and skull below

3.2. Next, slide a forceps underneath the brain to remove the intact brain from the skull. 
3.2.1. SCOPE: removing the brain

3.3. Dissect away the electroporated hemisphere including the attached mid-brain tissue.  Be careful to not damage the meninges overlying the dissected cortical hemisphere.
3.3.1. SCOPE:  isolating he electroporated region of the brain, show the meninges that needs to be left intact
3.4. Ryan O’Dell:  We have found that the most difficult step to master is the dissection and the removal of the electroporated hemisphere without damaging the meninges.    
3.4.1. MED/WID: interview shot of Ryan at bench
3.5. Once dissected, transfer each hemisphere to 5 mL of ice cold HBSS using a widened 1-mL pipette tip. If needed, the embryos can be kept in separate wells of a 12 well tissue culture dish. 
3.5.1. ECU: cutting tip of 1 ml pipette

3.5.2. SCOPE: sucking brain section into pipette tip

3.5.3. MED: ejecting brain into well

3.6. Next, gently transfer up to six hemispheres onto a 24-mm collagen coated culture insert and arrange them medial side down. 
3.6.1. CU: adding the last of up to 6 brain pieces onto 24 mm culture insert

3.6.2. ECU: arranging the pieces medial side down
3.7. Now, fill a 35-mm well of a 6 well dish with 2.7 mL of supplemented media. (TEXT: DMEM-F12 + Glutamax + 2% B-27 + 1% G5 + 1% Pen-Strep). 
3.7.1. CU: adding media to well of dish
3.8. Remove any excess HBSS from the insert and place the insert into the well with the media.  Pipette a few drops of the media from the well onto the top of each explant. Do not increase the volume of media.
3.8.1. ECU: sucking up excess solution from the insert (holding brain bits)

3.8.2. CU: setting insert (holding brain bits) into the well with solution

3.8.3. ECU: solution added to well, so the brain bit are just submerged in solution
3.9. Ryan O’Dell:  We have found that it is critical to place a few drops of culture media on top of the explants such that the explants are not quite completely covered with media. This can mean adding as much as 400 microliters of the 2.7 mL of media to the top of the explants.
3.9.1. MED/WID: interview shot of Ryan at bench
3.10. Move the dish into a Billups Rothenberg chamber that contains a humidifying dish of water and has been infused with 95% oxygen for at least a minute.

3.10.1. MED: opening the chamber

3.10.2. CU: loading and chamber

3.11. Seal the chamber shut and disconnect the gas supply tube. Place the chamber into a 37 (C incubator for two days, by which time preplate splitting will have taken place.

3.11.1. MED: sealing the chamber, disconnecting gas

3.11.2. WID: loading and closing the incubator

4. Fixation, Embedding and Sectioning
4.1. In preparation, make “pads” for embedding the explants. Make a 10% calfskin gelatin solution at 60 (C.  Once solublized, pour approximately 10-mL of the solution into a 10-cm dish.  Keep the remaining solution at 60 ºC for later use.
4.1.1. WID: mixing the calfskin gelatin into solution 
4.1.2. MED: removing flask from water bath and inspecting that it is clear (solubilized)

4.1.3. MED: pouring solution from flask to molds
4.2. Allow the pads a half an hour to solidify.  If needed, they can be stored at 4 (C for several days, but must be warmed to room temperature before use.

4.2.1. WID: loading some pads/molds into fridge

4.2.2. MED: checking the temperature of pads/molds on the bench, by hand

4.3. On the day of the fixation, in a fume hood, prepare the Pagano fixative and Pagano solution without fixative.  Warm the fixation solution to 37 (C.  

4.3.1. WID: at hood, talent is making Pagano fixative – at a representative step

4.3.2. MED: at hood, placing Pagano fix solution onto warm plate 

4.4. Retrieve the explants from the incubator. Without disturbing the tissues, carefully and quickly remove most of the media and replace it with 5 mL of warmed fixative.  Make sure each explant is completely submerged.

4.4.1. WID: returning to the bench with the explants

4.4.2. CU: removing media and adding fixative solution, tissue should be in focus

4.4.3. ECU: as solution is added the brain tissues become completely submerged

4.5. 
Fix the tissues for one hour at room temperature, then remove the fixative and replace it with Pagano solution without fixative.

4.5.1. MED: talent starts a timer to count down an hour and walks off shot

4.5.2. MED: talent returns and replaces solution in plate wells

4.6. Add a few drops of 10% sodium azide to each well. 

4.6.1. CU: dropping azide solution into wells of plate

4.7. The tissues can now be stored at 4 (C until they are embedded.

4.7.1. WID: loading refrigerator or cold room with tissue plate
4.8. On an embedding pad, draw a grid on the bottom of the dish with the aid of a ruler.  Make 2 to 3 cm squares.

4.8.1. WID: talent starts to mark grid on dish

4.8.2. CU: completing the grid marks, show final grid

4.9. Transfer the individual explants onto the embedding pad.  Pipette away any residual solution and cover each explant with warm 10% gelatin solution.  Allow it to solidify. 
4.9.1. CU: lifting an explant from a well

4.9.2. ECU: placing explant on embedding pad, then removing surrounding solution and adding gel solution on top

4.10. Once solidified, slowly add more gelatin solution until each explant is completely surrounded.  Avoid melting the pad, which can occur if too much gelatin is added at once. 
4.10.1. CU: adding some more gel solution to an explant

4.10.2. MED: as above to the next explant

4.11. Now, allow for the gelatin to harden for about an hour.  Once hardened, the individual explants can be cut into small blocks of gelatin.  

4.11.1. WID: talent returns to the bench and stops a “beeping” timer and prepares to cut out an explant

4.11.2. ECU: cutting an explant from the pad

4.12. Before sectioning, it’s important to post-fix the blocks in Pagano-fixative for a day or two.

4.12.1. MED: putting the gel-blocks of tissue into fixative

4.13. When sectioning, position the explants with the olfactory bulb up and section in the coronal plane at 100-micrometer thickness.  
4.13.1. CU: positioning the block in the microtome

4.13.2. ECU: the position of the block, showing the tissue as best as possible, then the slicing begins

4.14. Collect the sections in chilled PBS with 0.1% sodium azide.  Store the sections at 4 (C until they can be stained. (TEXT: See the written manuscript for IHC details.).

4.14.1. MED: moving slices into the cool solution as they are sliced by the microtome

4.14.2. MED: placing collected sections (on slides?) into refrigerator

5. Neuronal Development in Injected, Cultured and Processed Hemispheres
I needed to remove the protocol redux from this section.
5.1. Using the outlined technique, whole hemisphere explants were prepared at E13, prior to preplate splitting in the dorsal neocortex.  The tissue harbored a transgene that reports immature neurons of the excitatory cortical lineage.

LAB MEDIA: Figure 2A
5.2. Cortical explants from the same litter were drop fixed sequentially over a period of 2 DIV and processed for subsequent histological analysis. At the initial analysis time point, DIV 0, preplate splitting has not yet occurred in Field 1.

LAB MEDIA: Figure 2A, 2E

5.3. By 1 DIV the CP become apparent …

LAB MEDIA: Figure 2B, 2C, 2F, 2G
5.4. … and it continued to grow up to 2 DIV. Thus, the whole hemisphere explants cultured initially at E13 supported two days the maturation of the cerebral cortex and captured preplate splitting in the dorsal neocortex.

LAB MEDIA: Figure 2D, 2H
5.5. To confirm normal histological development in the dorsal neocortex, 2 DIV explant were immunostained for chondroitin sulfate proteoglycans, an extracellular matrix component.  Two bands of immunoreactivity in the dorsal cortex indicated appropriate splitting of the PP into MZ and SP during the in vitro culture period.

LAB MEDIA: Figure 3A, 3B and 3C
5.6. The PP was split by L6 cortical neurons expressing Ctip2 and Tbr1. The immunostaining pattern of these markers confirms the appropriate expression of these transcription factors in the newly formed CP. 
LAB MEDIA: Figure 3D 3E and 3F – Ctip2 staining
5.7. Together these analyses confirm organotypic early cortical development in the whole hemisphere explants. 
LAB MEDIA: Figure 3G, 3H and 3I - Tbr1 staining
5.8. Using the entire described protocol, the left ventricle of intact E13 embryos were injected, electoporated and processed. GFP expression could be observed from neuronal precursors in the VZ, while intense GFP expressing cells were observed in the IZ and CP.

LAB MEDIA: Figure 4A, 4B and 4C 
5.9. Importantly, numerous GFP positive neurons, marked by arrowheads, were observed at the top of the forming CP with emerging dendrites and axons. The discrete layer at the interface between the CP and MZ indicates appropriate migration arrest and lamination.

LAB MEDIA: Figure 4A, 4B and 4C – focus on regions with arrowheads

5.10. The dendrites extended into the MZ while corticofugal axons extended below the CP and into the IZ.

LAB MEDIA: supplemental movie S1
5.11. Below the differentiating cells were GFP positive cells in varying states of maturity, including neurons with a bipolar morphology, juxtaposed to radial glial fibers and below them, multipolar neurons in the IZ.

LAB MEDIA: Figure 4D, 4E, 4F
5.12. The dendrites also extended into the MZ where the ECM protein Reelin is appropriately immunolocalized.  Thus, the electroporation and explant conditions permit for normal development of cortical neurons.
LAB MEDIA: Figure 4G, 4H, 4I
5.13. As expected, post-mitotic GFP positive neuron populated the forming CP. Thus the protocol can reliably target L6 cortical neurons for studies of their migration and maturation.
LAB MEDIA: Figure 5

5.14. Extensive use of this procedure has resulted in a 79% success rate.  195 of 248 attempts have been suitable for imaging and analysis.  Half the failures came from a failure to express GFP or mis-targeted GFP. 

LAB MEDIA: Figure 5
6. Conclusion Interview (spoken by you on camera)
A suggested statement is highlighted, but the lab may choose to have 2-3 contributing talents read a statement.
Ryan O’Dell: Once mastered, this technique can be done in 90 minutes if it is performed properly.

6.1. Ryan O’Dell: While attempting this procedure, it’s important to remember to practice the dissections so that the electroporated hemisphere can be cultured with intact meninges.

Author name Ryan O’Dell  : Following this procedure, other methods like time-lapse microscopy can be performed in order to answer additional questions like how a mutation of interest disrupts neuronal migration or dendritogenesis.

Author name _ Ryan O’Dell  : After its development, this technique paved the way for researchers in the field of developmental neuroscience to explore the consequence of mutations in the reelin on early cortical development.

Author name _ Ryan O’Dell  _: Don't forget that working with dissection instruments and injection needles can be hazardous and normal laboratory precautions such should always be taken while performing this procedure.  

List of Provided Media Filenames and Descriptions (fill this in)

In this space, please list all 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 .tif files at dimensions of at least 720X480 pixels and 300 dpi.  Higher  resolutions are better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Please insert your media filenames here. 

Figure 1 Ex utero paperv3.pdf

Methods Fig2.pdf

Methods Fig3.pdf

Figure 4 EUEP CP nestin v2 copy.pdf

Methods Fig 5.pdf

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.
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