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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/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)________ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___4.1-4.6_______________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __surgery____________________________
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 target interneurons in the developing mouse forebrain by means of in utero electroporation. (Intro)
This is accomplished by first preparing the injection needles. (P1)
Video editor, please use shot 2.1.1.
The second step is to remove the embryonic chain from the anaesthetized animal. (P2)
Video editor, please use the cartoon shown below (LAB_MEDIA: 51518_Garcia_Figure1b) for P2-3 (first show the gray mouse, then add the purple “embryonic chain”).

Then, DNA injection and electroporation are performed in the brain. (P3)

Video editor, please use the cartoon shown below for P2-3 (add the small oval with a white mouse inside and the headset like “electrodes”)
The final step is to allow the animal to recover from the surgery.  (P4)

Video editor, please use shot 3.9.2.
Ultimately, in utero electroporation is used to allow for selective targeting of interneuron subtypes. (P5)
Video editor, please use the cartoon shown below (LAB_MEDIA: 51518_Garcia_Figure1b) for P5.
P2-3
[image: image1.emf]
P5

[image: image2.emf]
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Natalia De Marco: The main advantage of this technique over existing methods, like non-specific in utero electroporation, is that provides the means to carry out cell-autonomous analysis of a subset of cortical interneurons. The high levels of eGFP expression allow for the visualization and analysis of single interneurons.
1.2. Natalia De Marco: This method can help answer key questions in the neurodevelopment field, such as what are the rules governing the integration of maturing interneurons?  

Protocol (read by voice talent at JoVE):

2. Surgery
2.1. To begin this procedure, prepare the microinjection pipette by pulling a glass capillary with a pipette puller.  Next, carefully remove the capillary and collect the bottom needle for microinjection.

2.1.1. MED-over the shoulder:  Talent places a glass capillary in the pipette puller.

2.1.2. CU:  The pipette puller as the bottom needle is collected.

2.2. Now, place an anaesthetized pregnant mouse ventral side up on the heating pad.  Cover its face with a mask that will continue to supply isoflurane throughout the surgery.  Then, apply eye lubricant to both eyes.
2.2.1. MED-over the shoulder:  Talent places an anaesthetized pregnant mouse ventral side up on the heating pad.
2.2.2. CU:  The mouse as its face is covered with a mask.

2.2.3. CU:  The mouse as eye lubricant is applied in both eyes.
2.3. Set the heating pad to 36 °C to prevent hypothermia.  Afterward, check for the absence of foot and tail reflexes by pinching the rear paws or the tail.
2.3.1. MED-over the shoulder:  Talent sets the heating pad to 36 °C.

2.3.2. CU:  The mouse as foot/tail pinch is given to it.
2.4. Next, clean the skin on the abdomen with 70% ethanol.  Use the forceps to pull the skin upward.  Then make a 2 cm small vertical incision along the midline starting midway between the third and fourth pairs of mammary glands.  Be careful not to damage the abdominal wall. 
2.4.1. MED-over the shoulder:  Talent cleans the skin covering the abdomen with 70% ethanol.

2.4.2. CU:  The mouse as the skin is pulled upward.

2.4.3. CU:  The mouse as a 2 cm small vertical incision is made along the midline starting midway between the third and fourth pairs of mammary glands.
2.5. Subsequently, gently separate the skin from the peritoneum.  Locate the arteries and veins on the abdominal wall.  Make another 2 cm vertical incision through the peritoneum to expose the abdominal cavity.
2.5.1. CU:  The mouse as the skin is gently separated from the peritoneum.

2.5.2. CU:  The mouse as talent pointing out the arteries and veins on the abdominal wall with forceps.

2.5.3. CU:  The mouse as another 2 cm vertical incision is made through the peritoneum to expose the abdominal cavity.
2.6. Now, clamp the skin and abdominal wall on each side, but avoid clamping the arteries.  Cover the clamps with pre-warmed PBS-moistened Kim wipes.  After that, moisturize the exposed abdominal cavity with PBS, and repeat this step several times while performing the surgery.
2.6.1. MED-over the shoulder:  Talent clamps the skin and abdominal wall on each side.

2.6.2. CU:  The mouse as the clamps are covered with moistened Kim wipes.

2.6.3. CU:  The abdominal cavity as it is moisturized with PBS.
2.7. Using round forceps, gently pull the embryonic chain (Text overlay: embryonic day 15.5) away from the cavity.  Let the chain rest on the wet wipes.  Start by exposing one half of the uterus, then continue to the electroporation of the embryos before moving on to the other half.
2.7.1. CU:  The abdominal cavity as the embryonic chain is gently pulled away from the cavity.  Text overlay: embryonic day 15.5.
2.7.2. MED-over the shoulder:  Talent places the chain on the wet wipes.
2.7.3. CU:  The abdominal cavity as one half of the uterus is exposed.

3. Electroporation
3.1. In this procedure, prepare DNA solution by dissolving the pellet obtained from a standard maxi-prep purification protocol in distilled water.  Then, add Fast Green (Text overlay: Stock: 10% w/v) to the DNA solution at a ratio of 1:20 to allow visualization during injection.
3.1.1. MED-over the shoulder:  Talent dissolves the pellet in distilled water.

3.1.2. MED-over the shoulder:  Talent adds Fast Green to the DNA solution.  Text overlay: Stock: 10% w/v.
3.2. Next, cut the tip of a pre-pulled micropipette with fine forceps to leave 6 mm from the beginning of the shoulder to the end of the tip.  Afterward, load the micropipette with 1 µl of DNA solution (Text overlay: Dlx5/6-eGFP, 3 µg µl−1) with Fast Green.
3.2.1. CU:  The micropipette as its tip is cut.

3.2.2. MED-over the shoulder:  Talent loads the micropipette with 1 µl of DNA solution with Fast Green.  Text overlay: Dlx5/6-eGFP, 3 µg µl−1.
3.3. For injection, hold the head of the embryo with round tweezers.  Insert the pipette in the brain at 45° aiming at the lateral ventricle located near the midline.  If the needle penetrates through the ventricle, slowly retract the pipette.  
3.3.1. MED-over the shoulder:  Talent holds the head of the embryo with round tweezers.

3.3.2. CU:  The head as the pipette needle is inserted in the brain at 45° aiming at the lateral ventricle located near the midline.
3.3.3. CU:  The head as the pipette is slowly retracted.

3.4. The ventricle should turn green when the solution begins to fill it.  At this point, stop moving the pipette and inject 1 µl of DNA.  Then, gently withdraw the pipette.
3.4.1. CU:  The ventricle as it turns green.
3.4.2. MED:  Talent pushes the plunger to inject.

3.4.3. CU:  The brain as the pipette is gently pulled out.
3.5. Set the CUY21 electroporator to five 45V pulses of 50 ms spaced with a 950 ms interpulse interval.  Dip the 5 mm paddle electrodes in PBS to ensure efficient current transmission.
3.5.1. MED-over the shoulder:  Talent sets the electroporator.

3.5.2. CU:  The paddle electrodes as they are dipped in PBS.
3.6. Then, place the electrode paddles around the embryo’s head with the positive paddle on the ventricle containing the DNA solution.  Place the positive paddle slightly lower than the negative one to create a ventral current through the ganglionic eminences; this will minimize ectopic expression in pyramidal cells. 
3.6.1. MED-over the shoulder:  Talent places the electrode paddles around the embryo’s head.

3.6.2. CU:  The paddles as the positive one is placed lower than the negative one.
3.7. Now, deliver a pulse by pressing the foot pedal once.  Then, remove the electrodes and wipe them clean.  Repeat the steps for each of the embryos.  After electroporating all the embryos, pour 3 ml of PBS into the abdominal cavity and return the embryos to the abdominal cavity.
3.7.1. CU:  The foot pedal as it is pressed.

3.7.2. MED-over the shoulder:  Talent removes the electrodes and wipes them clean.  
3.7.3. MED-over the shoulder:  Talent pours 3 ml of PBS into the abdominal cavity.

3.7.4. CU:  The abdominal cavity as the embryos are returned to it.
3.8. Next, suture the abdominal wall with a curved needle and 5-0 silk suture, and then the skin. Apply Lidocaine on the wound, and administer 120 mg/kg of Aspirin intra-peritoneally for analgesia.
3.8.1. MED-over the shoulder:  Talent sutures the abdominal wall.

3.8.2. CU:  The abdominal cavity as the skin is sutured.

3.8.3. CU:  The mouse as Lidocaine is applied.
3.9. Remove the animal from the anesthesia tubing and allow recovery on the heating pad on a paper wipe.  After that, return the animal to the cage.  Keep it on the heating pad at 37 °C and monitor the health status.
3.9.1. MED:  Talent places the animal on the heating pad on a paper wipe.  
3.9.2. CU:  The animal as it is placed in the cage.
4. Results:   Subtype-selective electroporation of cortical interneurons
4.1. In this experiment, electroporated interneurons are delineated by the expression of CGE-derived subtype markers. (Video editor, zoom in A) This image shows that the CGE-derived interneurons are electroporated with a Dlx5/6-eGFP plasmid.  (Video editor, zoom in B) This image shows a VIP-expressing interneuron at P8.  The eGFP expression delineates the entire dendritic tree and axonal arbor of single neurons.  (Video editor, zoom in C) And here is an NPY-expressing interneuron at P8.  The NPY expression delineates neurogliaform cells.  (Video editor, zoom in D) Lastly, here is an NPY-expressing interneuron at P15.
4.1.1. LAB_MEDIA:  51518_Garcia_Figure 2

5. Conclusion (said by authors on camera)

5.1. Natalia De Marco: Once mastered, this technique can be done in 20 min if it is performed properly.

5.2. Natalia De Marco: By combining the use of specific plasmids and genetically modified mouse lines, it is possible to achieve temporal and spatial control in the expression of genes of interest. For example, we used a Dlx5/6-Tta plasmid to turn on the expression of tetO inducible transgenes. In these experiments, we were able to silence the transgene expression by administrating Doxycycline. 
Provided Media

Authors, 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 .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.  

Insert your media filenames here.

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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