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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: __________Nikon SMZ-10_______________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. _2.3, 2.6, 3.3, 3.5, 3.7, 4.2, 4.3, 4.4, 4.7, 4.8 (steps 4.2, 4.3 and 4.4 are strongly interconnected as one sequence)

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.____Steps 4.3 - 4.4 are the most critical. To ensure success take care not to disrupt the integrity of the retina during its transfer to the electroporation chamber. This is accomplished by using tweezers of the right type and size and by making sure the retinal cup is in the right orientation from the moment it is lifted to be transferred, in order to avoid further manipulation____

E.  Will the filming need to take place in multiple locations? (Y/N) __N 

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 achieve high efficiency plasmid transfection of retinal cells, to enable functional genetic studies in primary retinal cultures. (Intro)
This is accomplished by first collecting chick embryos at stage 27 of the Hamburger and Hamilton system. Appropriate staging is critical for achieving optimum efficiency. (P1: Show DAM ID 3578, Start with only the left embryo on screen, then fade to the 2nd one.  With the last sentence, fade to the right most embryo and add text under it that says “Hamburger and Hamilton, Stage 27”.)
The second step is to dissect the embryonic eyes and remove the retinal pigmented epithelium, exposing the neural retina. (P2: Start with the final embryo image from P1 and fade away everything in the image except for the eye.  Then, remove the pigment from the eye so it looks like the right sample in Figure 2c.)
Next, the retinal cup is placed in a chamber filled with plasmid solution.  It is then subjected to electroporation under optimized conditions using easily constructed custom-made electrodes (P3: Use the P3 image from 52002_Canto-Soler_Schematic overview.ppt.  Add the blue liquid with the first sentence.  Then, add the gold electrode with the + sign and make a “spark” appear on the screen to signify the electroporation when mentioned.)
The final steps are to remove the vitreous body and lens and disassociate the neural retina into single cells for low density primary culture. (P4: Start with the eye image in P4 and remove the “vitreous” and “lens”.  Then, pull the group of cells in DAM ID 4277 from the cap (start small and then grow to stock size).  Then, place the cells into the plate.)

Ultimately, transfected cells can be visualized by the expression of reporter genes or immunohistochemistry, and the effect of genetic manipulation can be assessed by evaluating the expression of downstream genes and/or phenotypic cell changes. (P5: Figure 3a-c, show left to right.  Add text labels: “DAPI” over 3a, “GFP” over 3b, and “Visinin” over 3c.)
B.  Interview: (Said by you on camera. Don’t forget to smile!)   
1.1. M. Valeria Canto-Soler: The main advantage of this technique over existing methods, such as lipofection or chemical transfection, is that it increases the rate of transfection of retinal cells by five-fold, yielding efficiencies of 22 to 25 percent of the total cell population.   

1.2. M. Natalia Vergara: This method can help answer key questions in the field of photoreceptor biology, since it allows for the manipulation of gene expression in primary retinal cultures at a level of efficiency that can provide biologically meaningful insights.   

1.3. Christian Gutierrez: The implications of this technique extend beyond basic research, as they can easily be adapted to high throughput technologies for drug development.  
Protocol (read by voice talent at JoVE): 
2. Preparation for ex-ovo Electroporation

2.1. Begin by incubating fertilized White Leghorn chicken eggs at 37.5 °C and 60% relative humidity for 5 days in an egg incubator. [2.1.1 - MED - TXT]
2.1.1. Talent places eggs into an egg incubator, closes lid, and turns on. (TEXT: 37.5 °C and 60% RH, 5 days)
2.2. Prior to the experiment, obtain a box filament normally used in micropipette pullers. [2.2.1 - MED] Use forceps to undo the square box and straighten the filament into a long strip. [2.2.2 - CU]
2.2.1. *Film as written

2.2.2. *Film as written

2.3. Then, using a ruler as a guide, [2.3.1 - CU] bend the filament into a square "U" shape 3 mm long at the base and 2 mm high at one side, with the other side the remaining length of the filament.[2.3.2 - SCOPE - TXT]
2.3.1. Talent looks through dissection microscope at sample and picks up ruler and places it next to the sample.

2.3.2. *Film as written (Video Editor: Pause the video at the end with a good shot of the finished product and add “3 mm” to the base of the “U-shape” and “2 mm” to the front edge.)

2.4. Use forceps to dip the electrode in 96% ethanol and briefly flame the electrode in order to sterilize it. [2.4.1 - CU] Then, attach an electrical lead with a small alligator clip to the long arm of the electrode.[2.4.2 - CU]
2.4.1. *Film as written

2.4.2. *Film as written

2.5. Next, wipe clean the thick gold tipped electrode using 70% ethanol. [2.5.1 - CU]
2.5.1. *Film as written

2.6. Then, prepare the electroporation chamber by cutting the lid off of a sterile 1.5 ml microcentrifuge tube using sterilized scissors [2.6.1 - CU] and affixing it, flat side down, to a 100 mm Petri dish using tape. [2.6.2 - CU]
2.6.1. *Film as written

2.6.2. *Film as written

2.7. Next, sterilize the micro-dissection tools by dipping the instrument tips in 96% ethanol and briefly flaming them. [2.7.1 - MED] Also, wipe clean the dissection scope using 70% ethanol. [2.7.2 - MED]
2.7.1. *Film as written

2.7.2. *Film as written

2.8. Warm a bottle of sterile calcium and magnesium free Hank's Balanced Salt Solution in a 37 °C water bath. [2.8.1 - MED - TXT] Once warm, use it to fill a 100 mm sterile Petri dish three-quarters of the way full. [2.8.2 - CU - TXT]
2.8.1. *Film as written (TEXT: 37 °C)
2.8.2. *Film as written (TEXT: ~120 mL)
2.9. Next, place the electroporation chamber under a clean dissection microscope [2.9.1 - CU].
2.9.1. *Film as written 

2.9.2. [moved] *Film as written (TEXT: 120 µL Plasmid @ 1.5 µg/µL)
2.10. Then, connect the electrodes to the electroporation apparatus, making sure the custom-made electrode is connected to the negative pole and the gold tipped electrode is connected to the positive pole of the machine.[2.10.1 - CU]
2.10.1. *Film as written
3. Collection of Retinal Cups from Chick Embryos: 

3.1. Clean the eggs by wiping the exterior of the shells with 70% ethanol. Be cautious and maintain sterility throughout the rest of the protocol to avoid carrying contamination into the cultures.[3.1.1 - MED]
3.1.1. Talent picks up 1 egg, wipes it down, then repeats with a 2nd egg.
3.2. Using big curved Moloney forceps, carefully open a hole in the egg shell by gently tapping on the rounded tip of an egg directly over the air chamber. [3.2.1 - CU] Pull out all of the shell pieces.[3.2.2 - ECU]
3.2.1. *Film as written
3.2.2. *Film as written
3.3. With another pair of forceps, remove the membranes and collect the embryo by carefully scooping it out of the egg. [3.3.1 - CU] Place the embryo in a petri dish with the pre-warmed calcium and magnesium free Hank's Balanced Salt Solution. [3.3.2 - CU]
3.3.1. *Film as written
3.3.2. *Film as written
3.4. When an appropriate number of embryos have been collected, ensure they are all at the correct stage according to the Hamburger and Hamilton staging system. [3.4.1 - CU] For optimum efficiency, embryos must be at stage 27. [3.4.2 - ECU - LM - TXT]
3.4.1. Talent staging embryo

3.4.2. Show embryo alone on left half of screen. Show figure 2a and add the label “HH Stage 27” underneath the image. (TEXT: HH Stage 27)
3.5. Euthanize the embryos by decapitation using Moloney forceps and then use Dumont   tweezers to carefully enucleate the eyes.  [3.5.1 - CU] Transfer the eyes to a new petri dish with calcium and magnesium free HBSS.[3.5.2 - CU]
3.5.1. Talent removes the eyes using tweezers.

3.5.2. *Film as written
3.6. Start at the posterior part of each eye, close to the optic nerve head, and then introduce one tip of each pair of Dumont tweezers between the neural retina and retinal pigmented epithelium.[3.6.1 - SCOPE/ECU]
3.6.1. *Film as written

3.7. Working from the posterior part of the eye towards the front, use the tweezers to carefully dissect out the retinal pigmented epithelium, being cautious not to damage the neural retina. [3.7.1 - SCOPE/ECU - TXT]
3.7.1. *Film as written (TEXT: Caution: Do Not Damage Neural Retina)

4. Electroporation
4.1. Set up the electroporator to deliver 5 square pulses of 15 Volts at a 50 millisecond duration and an interval of 950 milliseconds. [4.1.1 - MED Over the Shoulder - TXT]
4.1.1. *Film as written (TEXT: 5 sq pulses @ 15 V, 50 ms - duration, 950 ms - interval)

4.2. Next, fill the electroporation chamber with 120 microliters of plasmid solution at a concentration of 1.5 µg/µl in PBS. [2.9.2 - ECU – TXT]. Then, place the "U" shaped negative electrode inside the microcentrifuge lid electroporation chamber [4.2.1 - CU]
2.9.1
[moved] *Film as written (TEXT: 120 µL Plasmid @ 1.5 µg/µL)
4.2.1. *Film as written

4.3. Using a pair of curved Dumont tweezers, transfer one retinal cup to the electroporation chamber and place it inside the "U" shaped electrode. [4.3.1 - CU] Position the retina so that the posterior part of it is towards the bottom of the electrode and the lens is facing upwards.[4.3.2 - ECU]
4.3.1. Talent transfers retinal cup into the chamber.
4.3.2. Talent positions the retina.
4.4. Next, place the anode so that it touches the anterior part of the eye, next to the lens.  [4.4.1 - ECU] Then, use the electroporator's foot pedal to deliver 5 electric pulses. [4.4.2 - MED]
4.4.1. *Film as written

4.4.2. *Film as written

4.5. When finished, transfer the electroporated retinal cup to a new Petri dish filled with calcium and magnesium free HBSS.  [4.5.1 - CU]
4.5.1. *Film as written

4.6. Repeat the electroporation procedure with each additional retinal cup. [4.6.1 - MED] Up to 6 retinal cups can be electroporated with the same plasmid solution without a significant decrease in transfection efficiency.[4.6.2 - CU]
4.6.1. Talent places the next sample into the cap.

4.6.2. Talent places electrode into second retinal cup and electroporates the cells.
4.7. Next, use Bonn toothed forceps to gently remove the cornea, lens and vitreous body from each electroporated sample while holding the eye in place with the back of the curved Dumont tweezers.  [4.7.1 - SCOPE/ECU]
4.7.1. *Film as written

4.8. Repeat this process to remove the lens and the vitreous body of each electroporated retinal cup. [4.8.1 - SCOPE/ECU]
4.8.1. Talent removes the lens and then the vitreous body.

4.9. Once removed, proceed to the dissociation and culture of the electroporated retinal cells using standard techniques. [4.9.1 - MED]
4.9.1. Talent transfers the retinal cup to disassociation media or minces sample. The shots include dissociation of retinal cups in hood and placing the dishes into the tissue culture incubator.
5. Results: Efficiency of Transgene Expression in Cultured Cells after Electroporation.
5.1. The retinal cells shown here were electroporated with a GFP expression plasmid, dissociated, and cultured for 4 days.  Fluorescence micrographs show DAPI stained nuclei [5.1.1 - LM] and GFP expressing retinal cells [5.1.2 - LM].  Anti-Visinin antibody staining was performed to identify photoreceptor cells [5.1.3 - LM].
5.1.1. Figure 3a-c (Video Editor: Arrange these images left to right.  Add the label “DAPI” above Figure 3a, “GFP” above Figure 3b, and “Visinin” above Figure 3c.  Highlight Figure 3a with mention of “DAPI stained nuclei”)

5.1.2. Figure 3a-c (Video Editor: Highlight Figure 3b with mention of “GFP expressing retinal cells”)

5.1.3. Figure 3a-c (Video Editor: Highlight Figure 3c with mention of “Anti-Visinin antibody staining”) 

5.2. The parameters described in this protocol have been optimized to obtain transfection efficiencies that average 22% when compared to the total population after 4 days in culture.  [5.2.1 - LM] This measure increases to an average of 25% efficiency when only the photoreceptor population is considered.[5.2.2 - LM]
5.2.1. Figure 3D (Video Editor: Highlight the “total population” bar with mention of “22%”)

5.2.2. Figure 3D (Video Editor: Highlight the “Vis(+) population” bar with mention of “25%”)

6. Conclusion (said by authors on camera) 
6.1. M. Natalia Vergara: Once mastered, this technique, from embryo collection to electroporation, can be done in less than 30 minutes for 6 eyes if it is performed properly.

6.2. Christian Gutierrez: While attempting this procedure, it’s important to remember that no more than 3 hours should pass between collection of the embryos and dissociated cell plating, in order to obtain good quality cultures.

6.3. M. Valeria Canto-Soler: This technique can be applied to gene overexpression or downregulation, for example using an RNAi system. In addition, retinas that have been transfected following this procedure can be used for organotypic retinal cultures. 

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, .eps, 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:

5.1.1- 52002_Canto-Soler_Figure3a
5.1.2- 52002_Canto-Soler_Figure3b
5.1.3- 52002_Canto-Soler_Figure3c
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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