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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? Please list 4-6 steps
1.  Selection of healthy embryos of the correct developmental stage.
2.  Removal of vitelline membrane and jelly coat.
3.  Cutting away the spinal cord and myotomes from the rest of the embryo.
4.  Removal and disposal of overlying skin from embryo.
5.  Plating of cells into culture dishes.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
It is important to use embryos of the proper developmental stage to ensure that isolated cells are undifferentiated and not synaptically coupled.

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:
The overall goal of this procedure is to obtain primary cultures of synaptically coupled spinal neurons and muscle cells from Xenopus embryos. (Intro)

This is accomplished by first (Video editor, use Overview Powerpoint slide 1 here) inducing breeding in Xenopus by injection of human chorionic gonadotropin (Video editor, use Overview Powerpoint slide 2-3 here)  into both male and female frogs and collecting fertilized eggs (Video editor, use Overview Powerpoint slide 5 here). (P1)

The second step is to remove the jelly coat and vitelline membranes from stage 22 embryos.  (P2)
Video editor, use Overview Powerpoint slide 6 here.

Next, spinal neurons and muscles are isolated from the embryos, and the skin is removed and discarded.  (P3)
Video editor, use Overview Powerpoint slide 7 here, start with the cartoon of “bare” embryo, then add “A” and the underneath arrow, then add the blue cartoon of B, the text “B”, and the arrows accompanying “B”, then add the cartoons (a light blue piece and a blue curve) right underneath B; at the same time, add description of A & B at the top.

The final step is to plate the isolated cells into culture dishes and allow the formation of functional neuromuscular junctions.  (P4)
Video editor, use Overview Powerpoint slide 7 here, add “C” and the accompanying arrow, and the blue dots, accompanying the text ‘“sand pile” of cells’; at the same time, add description of C at the top.

Ultimately, functional synaptic connections can be demonstrated with simultaneous paired patch clamp recordings from neurons and muscle cells in culture.  (P5)
Video editor, use Overview Powerpoint slide 7 here, add “D” and the accompanying arrow, and the remaining cartoon with labels at the bottom left; at the same time, add description of D at the top.


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).   
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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.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Bruce Yazejian:  The beauty of this technique is that it provides a readily accessible vertebrate synaptic preparation that can be used to make electrophysiological measurements of neurotransmitter release with postsynaptic recordings while simultaneously measuring presynaptic ionic currents.   
1.2. Rita Yazejian: Furthermore, the methods are simple and straightforward requiring no special equipment beyond a dissecting microscope and the cultures can be maintained at room temperature in a simple culturing medium.
1.3. Rachel Einarsson:  This method can be useful in helping to answer key questions in the field of synaptic physiology including the coupling of presynaptic biochemical and biophysical events with neurotransmitter release as well for the studies of synaptogenesis, neuromodulation and synaptic plasticity.  


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.     

[bookmark: _GoBack]Video Editor: The shots labeled "VIDEO" or "PHOTO" or "SCREEN" have been uploaded by the author, they do not refer to footage shot by the videographer.
2. Pre-experimental preparation
2.1. To begin this procedure, prepare the required solutions according to the accompanying manuscript.  Then, fabricate at least two microdissection tools by gluing a Minutien pin to the end of a glass Pasteur pipette with cyanoacrylate glue.  Allow the sharp end of the pin to extend past the end of the pipette approximately 0.5 cm.
2.1.1. MED:  Talent shows the prepared solutions required for the experiment.
2.1.2. MED-over the shoulder:  Talent glues a Minutien pin to the end of a glass Pasteur pipette with cyanoacrylate glue.
2.1.3. CU:  The pipette as the sharp end of the pin is extended past the end of the pipette approximately 0.5 cm.
2.2. Two days before preparing the cultures, identify a breeding-ready pair of Xenopus by observing a prominent, reddish cloaca on the female; and dark pigmentation on the planar surface of the front paws of the male.  
2.2.1. CU:  A female Xenopus with a prominent, reddish cloaca.
2.2.2. CU:  A male Xenopus with dark pigmentation on the planar surface of the front paws.
2.3. Next, net each frog and hold it ventral side down in a sink with the net so that it cannot escape.  Inject 1 ml of HCG (Text overlay: human chorionic gonadotropin; see accompanying manuscript for the composition of solution f) through the net and subcutaneously into one of the dorsal lymph sacs.
2.3.1. MED-over the shoulder:  Talent holds a frog ventral side down in a sink with the net.
2.3.2. CU:  The frog as 1 ml of HCG is injected subcutaneously into one of the dorsal lymph sacs.  Text overlay: human chorionic gonadotropin; see accompanying manuscript for the composition of solution f.
2.4. To ensure that the animals will not trample the newly laid and fertilized eggs, install a screened floor with a mesh size of ½“ fitted, 1-2 inches at the bottom of the tank.  Then, place the breeding pair together in a covered ten gallon tank of water.  
2.4.1. MED-over the shoulder:  Talent places a screened floor with a mesh size at the bottom of the tank.
2.4.2. MED-over the shoulder:  Talent places the breeding pair together in a covered ten gallon tank of water.
2.5. Leave the frogs undisturbed for 12-48 hours until fertilized eggs are observed on the floor below the screen.  Then, remove the animals from the tank, but leave the eggs undisturbed for at least 24 hours longer; this pair of frogs can be re-bred after six weeks.
2.5.1. MED-over the shoulder:  Talent removes the animals and leaves the eggs behind.
2.6. Next, loosen the embryos from the bottom of the tank and transfer them to four or five 60x15 mm culture dishes containing 10% saline (Text overlay: See accompanying manuscript for composition of solution b).  Sort the embryos by stage according to the scheme of Niewkoop and Faber (Text overlay: See ref. 20 in the accompanying manuscript).  
2.6.1. MED:  Talent transfers the embryos to four or five 60x15 mm culture dishes containing 10% saline.  Text overlay: See accompanying manuscript for composition of solution b.
2.6.2. CU:  the embryos as they are sorted by stage.  Text overlay: See ref. 20 in the accompanying manuscript.
2.7. Embryos that are smooth in appearance with light brown and white mottling— like those on the left—are ideal.  On the other hand, embryos that have large black or white patches—like those on the right—are generally unhealthy and unusable.
2.7.1. PHOTO:  Embryos that are smooth in appearance with light brown and white mottling and embryos that have large black or white patches

3. Microdissection of Xenopus embryos 
3.1. Inside a laminar flow hood, label and fill approximately halfway three 60x15 mm sterile culture dishes with 10 % saline; and one with CMF (Text overlay: Ca2+ /Mg2+-free solution).
3.1.1. MED-over the shoulder:  Talent prepares three 60x15 mm sterile culture dishes with 10 % saline; and one with CMF in the laminar flow hood.  Text overlay: Ca2+ /Mg2+-free solution.
3.2. Using a sterile glass Pasteur pipette, transfer five to ten stage 22-24 embryos into one of the dishes containing 10% saline.  With the aid of a stereo zoom dissecting microscope inside the hood, remove the jelly coat and vitelline membrane from each embryo using two pairs of sterile forceps.    
3.2.1. MED-over the shoulder:  Talent transfers five to ten stage 22-24 embryos into one of the dishes containing 10% saline.
3.2.2. VIDEO:  An embryo as the jelly coat and vitelline membrane are removed.
3.3. Wash the bare embryos by passing them, one at a time, through the remaining two dishes of 10% saline, and finally into the dish containing CMF.  
3.3.1. MED-over the shoulder:  Talent passes the bare embryos through the remaining two dishes of 10% saline, and finally into the dish containing CMF.
3.4. Next, hold each embryo gently but firmly with a pair of forceps, and use the microdissection tool to remove the neural tube and the associated myotomes which are located at the most dorsal aspect of the animal.  Do this by making three slices, one at either end of the location of the neural tube and a third just ventral to it.  Then, move each dissected neural tube/myotome to a clean part of the dish away from the yolk granules and other debris.  
3.4.1. VIDEO:  Talent removes the myotomes and neural tube by making three slices, one at either end of the location of the neural tube and a third just ventral to it.
3.4.2. VIDEO:  A dissected neural tube/myotome is moved to a clean part of the dish away from the yolk granules and other debris. 
3.5. After about fifteen minutes in CMF, use the forceps to lift the pigmented skin free of the dissected tissue and discard the skin.  After an additional 30-60 minutes, the cells will form a “sand pile” as they become dissociated from one another.
3.5.1. VIDEO:  Talent lifts the pigmented skin free of the dissected tissue and discards the skin.
3.5.2. PHOTO:  The cells as they form a “sand pile”.

4. Preparation of nerve-muscle co-cultures
4.1. In this procedure, thaw a 10 ml tube of culture medium.  Next, add 70 µl ITS (Text overlay: ITS: insulin-transferrin-selenium) and 35 ng/ml BDNF (Text overlay: BDNF: brain-derived neurotrophic factor). 
4.1.1. MED:  Talent places a 10 ml tube of culture medium at room temperature.
4.1.2. CU:  The culture medium as 70 µl ITS and 35 ng/ml BDNF are added.  Text overlay: ITS: insulin-transferrin-selenium.  Text overlay: BDNF: brain-derived neurotrophic factor.
4.2. Label and fill the 35 mm sterile culture dishes approximately halfway with L-15 culture medium (Text overlay: See accompanying manuscript for composition of solution e).  Use one culture dish for each embryo you have dissected.  
4.2.1. MED-over the shoulder:  Talent fills the 35 mm sterile culture dishes approximately halfway with L-15 culture medium.  Text overlay: See accompanying manuscript for composition of solution e.
4.3. To fabricate a plating pipette, hold both ends of a glass Pasteur pipette and place the tapered portion over a flame.  Then, pull the ends apart to about 10 cm.  Subsequently, break off the end to yield a tip of approximately 0.2 mm.  
4.3.1. MED-over the shoulder:  Talent holds both ends of a glass Pasteur pipette and places the tapered portion over a flame.
4.3.2. CU:  The glass Pasteur pipette as the ends are pulled apart to about 10 cm. 
4.3.3. ECU:  The pipette tip is broken off to yield a tip of approximately 0.2 mm.
4.4. Afterward, use the plating pipette to suck the “sand pile” up from one embryo; be careful to minimize the amount of solution drawn.  Next, expel the cells onto the bottom of a culture dish and plate them into several lines; then, leave the dishes of plated cells undisturbed for at least fifteen minutes to allow the cells time to attach to the dish.
4.4.1. VIDEO:  Talent uses the plating pipette to suck the “sand pile” up from one embryo.
4.4.2. VIDEO:  The culture dish as the cells are expelled onto its bottom.

5. Patch clamping nerve-muscle synapses
5.1. After 12-24 hours in culture, plated cells will develop distinct morphological characteristics, for examples, muscle cells become spindle-shaped and spinal neurons develop long processes.  
5.1.1. PHOTO:  Spinal neuron and muscle in culture.
5.2. Functional synaptic contact between neurite varicosities and muscle cells can be confirmed with simultaneous paired electrophysiological recordings. To do so, prepare two patch electrodes for recording: one for the presynaptic varicosity and one for the muscle cell.  Then, fill the pre-synaptic electrode with amphotericin-containing solution (Text overlay: See accompanying manuscript for details) and the post-synaptic electrode with K+-internal solution (Text overlay: See accompanying manuscript for the composition of solution g).
5.2.1. MED-over the shoulder:  Talent prepares two patch electrodes for recording.
5.2.2. MED-over the shoulder:  Talent fills the pre-synaptic electrode with amphotericin-containing solution and the post-synaptic electrode with K+-internal solution.  Text overlay: See accompanying manuscript for details.  Text overlay: See accompanying manuscript for the composition of solution g.
5.3. After that, replace the media in the culture dish with NFR (Text overlay: NFR: Normal Frog Ringer).  Then, transfer it to an inverted microscope fitted with phase contrast optics.  
5.3.1. CU:  The culture dish as the media is replaced with NFR.  Text overlay: NFR: Normal Frog Ringer.
5.3.2. MED:  Talent transfers the culture dish to an inverted microscope fitted with phase contrast optics.  
5.4. Patch the presynaptic varicosity with the amphotericin-containing electrode and the post synaptic muscle cell with the other electrode.  
5.4.1. PHOTO:  The electrodes patched onto their respective targets.
5.5. To confirm the functionality of the synapse, depolarize the varicosity with a patch clamp amplifier and observe the simultaneous presynaptic and postsynaptic currents.  
5.5.1. SCREEN:  A movie to show the presynaptic and postsynaptic currents after the depolarization of the cell.

6. Results:  Simultaneous pre- and post-synaptic electrophysiological recording from Xenopus nerve-muscle co-cultures 
6.1. This figure (Video editor, please zoom in A) shows a 5x power view of cells in culture immediately after plating, and this is (Video editor, please zoom in B) the same culture at 40x.  
6.1.1. LAB_MEDIA:  50253_Yazejian_Figure 5

6.2. Here is the neuromuscular junction in culture which shows the neuronal soma (Video editor, please add “S”), presynaptic varicosity (Video editor, please add “V”), and postsynaptic muscle cell (Video editor, please add “M”). 
6.2.1. LAB_MEDIA:  50253_Yazejian_Figure 6
6.3. Shown here are the presynaptic and postsynaptic currents in response to the application of 10mV incremental voltage steps presented to the presynaptic varicosity from -30 mV to +40 mV.   The holding potential for both cells was -70mV. 
6.3.1. LAB_MEDIA:  50253_Yazejian_Figure 7


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/index/Details.stp?ID=1597


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. You may revise the given prompts if necessary to better fit your protocol.

7.1. Rita Yazejian:  Once mastered, this technique can be completed in about two hours.  Viable cultures can then be obtained as soon as twenty-four hours after cell plating and can be maintained for several days.
7.2. Rachel Einarsson:  This preparation has already been in use for a number of years helping to explain many of the fundamental properties of neuromuscular transmission.  It is our hope that this video will allow the continuation of discovery by helping more investigators to become familiar with the simple yet powerful technique. 
       

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.
 2011, Journal of Visualized Experiments
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