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Title: Electroporation of the Hindbrain to Trace Axonal Trajectories and Synaptic Targets in the Chick Embryo

Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  

_Y ___1.3.7-1.3.9; 2.1.1-2.1.3; 2.2.2; 2.2.4-2.2.5
           Microscope model: Stereoscope Olympus SZ51

B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? 

_N__

C. Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 1.3.7-1.3.9; 2.1.1-2.1.3; 2.2.2

D. What is the single most difficult aspect of this procedure and what do you do to ensure its success?  

Step 1.3.7 is the most difficult procedure due to the curved position of the embryonic hindbrain which makes it hard to electroporate. To ensure effective results, electrodes should be positioned at the right angles of both sides of the hindbrain. Moreover, the pumping heart, which is ventral/lareral to the  hindbrain should not be harmed by the procedure. 

1. Introduction (Schematic Overview and Interview)

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

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative: (Editor, use Figure 1A)
The overall goal of this procedure is to label specific subsets of neurons in the chick hindbrain and to trace their axonal trajectories and targets (Intro).
This is accomplished by first opening a small oval window at the center of an embryonic day 2.75 egg (P1 Editor, begin with an egg, cut a hole, then ‘enter’ into the egg to show the embryo without the electrodes or mouth pipette/glass capillary).
Next, DNA plasmids are injected into the hindbrain lumen  (P2 Editor, Editor, bring in the mouth pipette and glass capillary and inject at the point where the glass capillary points).
Then the hindbrain is unilaterally electroporated to allow expression of the constructs in the desired neuronal group, and the egg is incubated_ (P3, Editor, Editor, bring in the electrodes and place on either side as shown).
Finally, the brainstem is dissected from the whole embryo for flat-mount preparation or tissue sectioning  (P5, Editor, Image of tissue sections or flat mounts not fluorescently labeled).
Ultimately results can be obtained that show axonal projections and synaptic targets in the hindbrain and cerebellum at various developmental stages through immunofluorescence staining and microscopy analysis (P6 Editor, use figure 2 and 3 here).
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name  _Ayelet Kohl; A PhD student at the labs of Dr. Dalit Sela-Donenfeld and Prof. Avihu Klar, The Koret School of Veterinary Medicine, The Hebrew University of Jerusalem.
This method can help answer key questions in the field of_Neural-Development, such as how specific subsets of hindbrain neurons project their axons and form synaptic connections during embryonic development.  
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Egg Handling and Preparation

2.1. To prepare eggs for electroporation, incubate them at 37-38.5°C for 65-70 hours until they reach stage 16-17 (TEXT: 16-17HH, 25-30 somites).
2.1.1. WIDE Talent approaches incubator and places eggs inside to incubate
2.2. While the eggs are incubating, pull glass capillaries.  Connect bent L-shaped gold electrodes with an adaptor holder to the pulse generator.  Set the electroporation parameters to 25 volts, 5 pulse numbers, 45-millisecond pulse length, and 300 pulse intervals.

2.2.1. MED Talent places a capillary into a needle puller and pulls needles

2.2.2. CU Talent connects electrodes to pulse generator

2.2.3. MED/CU Talent sets the volts, pulse numbers, pulse length, and intervals 

2.3. Prepare a mouth pipette, a 10 ml syringe needle, parafilm strips, a soft brush, sharp dissecting scissors, and 25 ml of sterile PBS.

2.3.1. CU of mouth pipette, 10 ml syringe needle, parafilm strips, brush, scissors and PBS arranged on bench

2.4. Prepare an adequate mixture of DNA plasmids (TEXT: 5μg/μL each) and add Fast Green dye (TEXT: 0.025%) to visualize the injected DNA.
2.4.1. CU Talent picks up a tube of plasmid and adds green dye

2.5. When the eggs have reached the proper developmental stage, remove them from the incubator and keep them in a horizontal position.

2.5.1. MED Talent removes eggs, keeping them in a horizontal transportation

3. Windowing, Injection, and Electroporation

3.1. Use 70% ethanol to clean the eggshells. Handle one egg at a time to minimize embryonic exposure time to air.  With the tips of the scissors, make a hole at the egg pole and with a syringe, remove 3-4 ml of albumin. 

3.1.1.  MED/CU Talent cleans the eggs with ethanol then picks up a single egg to begin

3.1.2. CU Talent makes a hole then uses syringe to remove albumin

3.2. Using the dissecting scissors, open a small oval window at the upper horizontal pole of the eggshell. During the entire process, drip a few drops of PBS on top of the embryo to prevent dryness.
3.2.1. CU Talent opens a small oval window
3.2.2. MED/CU Talent drips PBS
3.3. Using a mouth pipette, load a small amount of the DNA mixture into the glass capillary. 
3.3.1.  MED/CU Talent uses mouth pipette to load capillary
3.3.2. CU/ECU Sample in tip of needle
3.4. Next, place the embryo with its posterior end in direct view. Then, holding the capillary at ~45(, penetrate the caudal hindbrain.  Do not remove any membrane from around the embryo.
3.4.1. SCOPE Talent orients the embryo

3.4.2. SCOPE Talent penetrates the caudal hindbrain

3.5. Without forming any air bubbles, carefully exhale to inject the DNA solution into the hindbrain lumen. The solution will spread anteriorly.
3.5.1. SCOPE Talent injects DNA solution by exhaling
3.5.2. SCOPE Solution spreads
3.6. Immediately after the DNA injection, place the parallel electrodes at the precise targeted AP and DV hindbrain positions.  Without touching the heart, push the electrodes slightly ventrally and pulse the electroporator. The electrodes should be covered with bubbles to indicate electrical conductivity (Figure 1A).
3.6.1. SCOPE Talent places the electrodes at correct positions

3.6.2. SCOPE Talent pushes electrodes slightly ventrally 

3.6.3. CU Talent pulses electroporator

3.6.4. SCOPE Bubbles form around electrodes

3.7. Carefully remove the electrodes and drip a few drops of PBS to cool the embryo and to remove bubbles. Use a parafilm strip to seal the egg opening properly to prevent drying during incubation. With a soft brush and PBS, wash electrodes.
3.7.1. CU Talent removes electrodes and drips PBS

3.7.2. CU Talent seals egg with parafilm

3.8. Place the egg in the incubator for the desired length of time. Survival of embryos is approximately 90% 2-3 days after electroporation, and reduces up to 50% 12 days following electroporation. 
3.8.1. WIDE Talent approaches incubator and places egg in incubator - videographer, please get enough footage to cover the VO here

4. Analysis of Embryos

4.1. To make flat-mount preparations of the hindbrain, carefully dissect the embryo, separating it from surrounding membranes and blood vessels. Place the embryo in a small silicone-coated Petri dish containing PBS.
4.1.1. SCOPE Talent carefully dissects the embryo and separates it from membranes and vessels

4.1.2. CU Talent places embryo in Petri dish with PBS

4.2. With the embryo facing dorsally, use tungsten pins to attach it to the dish.  Then, using a sharp, glass capillary, make a dorsal slit in the hindbrain roof-plate.

4.2.1. SCOPE Talent attaches embryo to dish

4.2.2. SCOPE Talent makes a dorsal slit in the hindbrain roof-plate

4.3. With sharp tweezers and micro-scissors, hold the upper part of the head and pull the hindbrain tissue very carefully from rostral to caudal. After separation of the hindbrain remove remaining ventral tissues.
4.3.1. SCOPE Talent pulls the hindbrain tissue from rostral to caudal

4.3.2. SCOPE Talent removes remaining tissues

4.4. Incubate the hindbrain in 4% paraformaldehyde, or PFA solution for 1-2 hours at room-temperature. Then wash it with PBT (TEXT: PBS/0.1% Triton X-100) to remove the PFA.
4.4.1. hCU Talent puts hindbrain in paraformaldehyde
4.4.2. MED/CU Talent washes hindbrain in PBT
4.5. For immunofluorescence of flat-mounted hindbrains, add 500 µl of blocking solution (TEXT: 5% goat serum in PBT) and incubate for 2 hours at R.T. Incubate with the 1st antibody overnight at 4ºC. Wash with PBT (TEXT: 3X, 15 min) then incubate with the 2nd antibody for 2 hours at R.T. 
4.5.1. CU Talent adds blocking solution to tissue 

4.5.2. WIDE Talent places sample in fridge
4.5.3. MED/CU Talent removes the last wash then adds secondary antibody
4.6. After following the immunofluorescence preparation described in the text protocol, place the hindbrain facing dorsally on a glass slide. Add fluorescent mounting medium onto the hindbrain and use glass capillaries or tungsten needles to flatten the hindbrain on the slide.
4.6.1. CU Talent places embryo on glass slide facing dorsally

4.6.2. CU Talent adds mounting medium then flattens the hindbrain with capillaries or needles

4.7. Add a small amount of grease at each corner to prevent squeezing of the tissue by the cover slip. Carefully place a cover slip on top of the hindbrain, avoiding air bubbles. For adherence add nail polish to cover glass edges.
4.7.1. CU Talent adds grease at each corner

4.7.2. CU Talent places coverslip avoiding air bubbles

4.7.3. CU Talent seals with nail polish

5. Cryo-sections and Immunofluorescence
5.1. Talent: Cryo-sections of the brainstem can be performed at any stage to visualize axonal trajectories. Yet, after E6.5 this should be the preferred method due to the difficulty in visualizing axons in the flat-mounted embryo, which becomes too thick. Moreover, demonstration of synapses requires sectioning of the tissue and a high-magnification view under a microscope.
5.1.1. Talent looking off camera saying the above 
5.2. To prepare a sample for cryosection, dissect the embryo and remove all tissue surrounding the brain. Rinse with PBS then use microscissors and sharp tweezers to cut the embryo at the caudal region of the medulla. 
5.2.1. SCOPE Talent dissects embryo and removes tissue surrounding brain

5.2.2. MED Talent adds PBS to sample

5.2.3. SCOPE Talent cuts embryo at caudal region of the medulla

5.3. Make a wide incision between the cerebellum and the midbrain and remove the entire brainstem. The tissue should contain the medulla, pons and cerebellum.
5.3.1. SCOPE Talent makes wide incision between cerebellum and midbrain and removes brainstem – We included 5.3 in 5.2 shhoting
5.4. Fix the brainstem in 4% PFA overnight at 4°C, and after rinsing with PBS (TEXT: 3X, 10 min), incubate the sample with 30% sucrose at 4°C ON, or until it sinks.
5.4.1. CU Talent adds PFA from labeled bottle to brainstem

5.4.2. CU Talent adds sucrose

5.4.3. WIDE Talent removes sample from fridge

5.4.4. CU Talent holds up sample that has sunk to bottom of tube

5.5. Using OCT compound, embed the hindbrain in a cryo-mold and place it at -20°C until frozen. Place the OCT block in the cryostat at the desired sectional axis and cut 12 µm-thick sections.
5.5.1. ECU Talent embeds the hindbrain in OCT
5.5.2. WIDE Talent places sample in freezer
5.5.3. MED/CU Talent cuts sections using the cryostat
5.6. After cutting 12 µm-thick sections and mounting the sections on slides, (TEXT: See the text protocol for fixing and sectioning technique) add 100 ul of blocking solution to each slide and incubate for 2 hours at room temperature.  Incubate in 100 ul of primary antibodies overnight at 4ºC (TEXT: gently cover in parafilm to prevent dryness) then wash 3X in PBS and incubate in secondary antibodies, for 2 hours at room temperature.
5.7. Use fluorescent mounting medium to prepare the sample for microscopy and let dry for 1 hour before analysis.

5.7.1. CU Talent adds mounting medium to sample and adds a coverslip – We didn’t have a way to shoot this because we didn’t shoot the steps above.
6. Representative Electroporation Results-(second to last section) 
6.1. In the following example, an enhancer element that is expressed in the dA1 subgroup of interneurons in the chick hindbrain was cloned upstream of Cre recombinase and co-electroporated with a Cre dependent cytoplasmic GFP reporter plasmid. 

6.1.1. LAB MEDIA Figure 1 

6.2. A flat mount preparation at stage E4.5 reveals two contra-lateral ascending axonal projection patterns. One tract was exclusively derived from dA1 neurons located at rhombomeres 6-7 that elongated in a dorsal funiculus, while the other originated from rhombomeres 2-5 and extended in a lateral funiculus.
6.2.1. LAB MEDIA Figure 2
6.3. To map the axonal projections of dA1 interneurons at later stages of development, a Cre-conditional GFP reporter cassette was cloned between two PiggyBack arms along with the Atoh1::Cre enhancer and transposase vector. (Fig. 3) Using this strategy, the electroporated Cre-conditional mGFP is integrated into the chick chromosomes and consequently the STOP cassette is removed only in dA1 neurons, enabling prolonged expression of GFP in dA1 cells. The myristoylated form of the GFP tethers it to the membrane such that it is localized along the axonal membrane rather than being diluted in the cytoplasm.  
6.3.1. LAB MEDIA Figure 3
6.4. In brainstems collected at E13.5 and analyzed in sagittal sections, dA1 axons were found to accumulate in the cerebellum and extend towards the external granular layer, or EGL, which is marked by Zic1+ cells. 
6.4.1.  LAB MEDIA Figure 4
6.4 Synaptic targets of dA1 axons in the cerebellum were also analyzed.  E2.75 embryos were electroporated with synaptic vesicle protein 2-reporter plasmid, along with Atoh1::Cre enhancer and the PiggyBack transposase. This method enables the expression of the GFP reporter in the presynaptic vesicles of dA1 axonal termini. 
6.4.1 LAB MEDIA Figure 5
6.5 The cerebellum was sectioned at E13.5 and stained with the general pre-synaptic marker synaptotagmin, as well as with calbindin that labels the Purkinje layer.
6.5.1 LAB MEDIA Figure 6
6.6 A high magnification view of the section demonstrates SV2-GFP+ synaptic vesicles in multiple cerebellar regions, including the Purkinje layer. This result reveals the synaptic connections of dA1 hindbrain interneurons in the cerebellum.
6.6.1 LAB MEDIA Figure 7 (Editor, leave figure 6 in and bring in figure 7 next to it)
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete: http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 

7. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
7.5 Author name ____ Ayelet Kohl______ 

After watching this video, you should have a good understanding of how to electroporate DNA into the avian hindbrain at embryonic day 2.75 in order to specifically label a subset of neuronal cells. This procedure enables one to follow the axonal projections and synaptic targets of the labeled neurons at multiple stages of development. 
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 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.

File name                             File description

-Graphic overview.ai

-fig.1 plasmid1.tif                 Figure 1- Construct Number 1.

-Fig.2 Axons E4.5.tif            Figure 2- Flat-mounted hindbrain using construct 1.

-figure 3 plasmid 2.tif           Figure 3 - Construct Number 2.

-Fig 4 Axons E13.tif             Figure 4- Sagittal cerebellar section using construct 2.

-fIGURE 5 plasmid 3.tif        Figure 5- Construct Number 3.

-Figure 6 SV2 low mag.tif     Figure 6- Sagittal cerebellar section using construct 3, at 4X

-Figure 7 SV2 high mag.tif    Figure 7- Sagittal cerebellar section using construct 3, at 40X

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.
( 2010, Journal of Visualized Experiments


