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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Yes______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: ________Olympus SDX7__________We have the mount for the Olympus 1H53336 camera__

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No______ 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __4.1-4.6____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___The most difficult aspect is injecting the dye into the vein (steps 4.2 and 4.3)_

E.  Will the filming need to take place in multiple locations? (Y/N) _No______ If yes, how far apart are the locations? 

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of the Evans Blue Dye and FITC (pronounced FIT-SEE) dextran (pronounced DEXTRIN) common cardinal vein injection is to observe skeletal muscle membrane integrity in live zebrafish to help characterize disease-causing mechanisms related to various subtypes of muscular dystrophy. 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Eric Horstick: Evans Blue Dye injection can help uncover biological mechanisms that contribute to disease pathology when characterizing animal models of muscular dystrophy. It can also contribute to our understanding of potential therapeutic mechanisms for disease treatment.

1.2. Sarah Smith: The main advantage of this technique is that it can be carried out and analyzed using live zebrafish. Additionally, the co-injection of FITC-dextran demonstrates a quality control for successful injection, which improves rigor and quantification.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. James Dowling: The implications of this technique relate to the utility and validation of zebrafish models of muscle disease.  They also enhance the understanding of how certain mutations lead to muscle disease phenotypes such as muscular dystrophy, which is critical for finding treatments and cures.

Protocol (read by voice talent at JoVE):

2. Preparation of Agar Injection Plates and Evan’s Blue Dye Injection Mix
2.1. To prepare agar injection plates, boil 2-3% agarose in E3 medium [2.1.1-WIDE/MED-TXT] and allow the solution to cool slightly on the bench [2.1.2-MED/CU].
2.1.1. Talent removes boiling agarose in E3 medium from microwave (TEXT:  ~35 mL/plate)

2.1.2. Talent places solution on bench to cool
2.2. Pour about 35 ml of the cooled agarose into each 100 mm dish [2.2.1-CU].  Then place one end of a preferred injection mold into the solution before laying the remainder of the mold onto the agarose solution [2.2.2-CU]. 

2.2.1. Talent pours cooled agarose into dishes

2.2.2. Film as written
2.3. Allow the agarose solution to solidify either at room temperature or at 4 degrees C (Celcius) for about 30 minutes [2.3.1-MED/CU].  Then use a spatula to separate one end of the mold from the solid agarose and slowly remove the remainder of the mold [2.3.2-CU].
2.3.1. Talent sets a timer and walks away from bench
2.3.2. Film as written
2.4. Make a 1% stock of Evan’s Blue Dye, or EBD, in 1X Ringer’s solution [2.4.1-CU].  Then prepare a stock solution of FITC-dextran in 1X Ringer’s solution [2.4.2-CU-TXT] and store at -20 degrees C [2.4.3-WIDE].
2.4.1. Talent adds EBD to the Ringer’s solution
2.4.2. Film as written (TEXT: MW 10 kDa; 25 mg/mL)

2.4.3. Talent places FITC-dextran solution in freezer

2.5. To make an injection mix, dilute EBD to 0.1% directly in FITC-dextran stock solution [2.5.1-CU].  Thoroughly vortex the injection mix [2.5.2-MED/CU] and keep out of direct light by using aluminum foil to wrap the tube [2.5.3-CU].
2.5.1. Talent adds EBD to FITC-dextran

2.5.2. Film as written

2.5.3. Film as written

3. Evan’s Blue Dye Injection Preparation

3.1. Prior to injecting, pre-warm the injection plate to room temperature [3.1.1-MED/CU].  Arrange the micromanipulator on a metal plate and stand next to the injection microscope [3.1.2-MED].
3.1.1. Talent places cold injection plate onto bench to warm

3.1.2. Film as written

3.2. Turn on the air driven microinjection controller [3.2.1-CU].  Then with approximately 2-4 ul of EBD mix, back fill the injection needle [3.2.2-CU/ECU].
3.2.1. Film as written

3.2.2. Film as written

3.3. Next, calibrate the injection volume with about 5 nanoliters of EBD mix [3.3.1-WIDE/MED-TXT].  Then use 1X Ringer’s solution to wet the injection plate and remove excess solution from the wells [3.3.2-MED/CU].
3.3.1. Talent injects a drop onto calibration slide (TEXT: refer to text for details)

3.3.2. Talent wets injection plate with Ringer’s and removes excess solution from wells

I had spoken with a JoVE representative and we agreed to do wide angle shots for this, because each lab calibrates injection needles differently. So instead of the calibration slide, there are wide angle shots of me calibrating
3.4. Pre-treat the larvae with 0.04% tricaine diluted in 1X Ringer’s solution to completely immobilize the larvae prior to injecting [3.4.1-CU/ECU]. 

3.4.1. Talent adds tricaine to larvae or places larvae into tricaine

Move 3.5 and 3.5.1 to after 3.6.1
3.5. Remove the excess tricaine solution to minimize larvae movement within the well, but leave enough to prevent dehydration [3.5.1-SCOPE].
3.5.1. Film as written 
3.6. With a glass pipette, place the anesthetized larvae into wells of the agar injection plates, ensuring that the larvae are completely in the wells lying on their sides [3.6.1-SCOPE].  [3.6.2-CU].

3.6.1. Talent places a larvae into a well and positions it on its side

3.6.2. Talent removes excess buffer replace with 3.5 (wide angle shot)
4. Pericardial Injection and Uptake of Evan’s Blue Dye in Zebrafish Larvae
4.1. Place the injection plate of larvae on a dissecting scope [4.1.1-CU] and position the injection pipette needle containing the EBD mix over a zebrafish larvae, near the heart and about 45 degrees from the anterior-posterior axis [4.1.2-SCOPE].
4.1.1. Film as written

4.1.2. Film as written, Videographer, have talent point out heart and anterior posterior axis.  Editor, point out heart and a/p axis when mentione.
4.2. Insert the injection needle into the common cardinal vein, or CCV, near the anterior portion of the yolk where the vein initially turns in the dorsal direction [4.2.1-SCOPE].
4.2.1. Film as written, Videographer, have talent point out the CCV, Editor, point out the CCV when mentioned
4.3. Next, inject 5 nL of EBD mix and keep the injection needle in position for 5-8 seconds to minimize immediate leakage of EBD mix [4.3.1-SCOPE].  A good injection will show dye in the heart chambers and it can be repeated if EBD mix is not seen in the heart [4.3.2-SCOPE]. 

4.3.1. Film as written

4.3.2. Shot of heart chambers with dye; Editor point out the heart with dye I believe one of the best shots of the dye in the heart was in the 3rd or 4th try in the 3rd take, although there are a lot of good shots. The only problem is the larvae moved a bit during the 3rd take, so perhaps we can use a couple of different shots to show the injection?
4.4. Immediately after a successful injection, the embryo will accumulate FITC-dextran in the vasculature, as shown here [4.4.1-LM]. 

4.4.1. LAB MEDIA Figure 2, Editor, point out the bright green spots running horizontally along the bottom of the embryo.

4.5. After the desired number of larvae have been injected, return the larvae to 1X Ringer’s solution without tricaine in 100 mm dishes [4.5.1-CU].
4.5.1. Talent returns injected larvae to 100 mm dish

4.6. To increase survival rate and maintain signal strength, keep the dishes wrapped in aluminum foil [4.6.1-MED/CU].  Incubate the larvae at 28.5 degrees C for 4-6 hours to ensure efficient EBD uptake [4.6.2-WIDE].
4.6.1. Talent wraps dish in foil
4.6.2. Talent places dish into incubator
4.7. To visualize EBD in the muscle, use 0.04% tricaine to anesthetize the larvae [4.7.1-CU] before viewing the larvae under red fluorescence [4.7.2-LM]. 

4.7.1. Talent adds tricaine to larvae or places larvae in tricaine

4.7.2. LAB MEDIA Figure 3 A and B without white arrows

5. Results: Skeletal Muscle Analysis in Zebrafish Larvae using Evan’s Blue Dye
5.1. EBD was injected into the CCV of sapje homozygous mutants and wild-type siblings at 3 dpf.  Injections that filled the heart chambers, as shown here [5.1.1-LM], were then analyzed for successful dye perfusion by visualizing FITC-dextran in the vasculature under green fluorescence [5.1.2-LM]. 

5.1.1. LAB MEDIA Fig1_Good injection image.tif, Editor, add in the white arrow for ‘as shown here’ as shown in Figure 1B

5.1.2. LAB MEDIA Figure 2, Editor, point out the bright green spots running horizontally along the bottom of the embryo.
5.2. After a four-hour incubation period, EBD uptake was examined at the somite level. As shown in this figure, wild type siblings exhibited no EBD fluorescence within any visible muscle fibers [5.2.1-LM], whereas the sapje homozygous mutants showed EBD uptake, indicating damage to the muscle membrane [5.2.2-LM].
5.2.1. LAB MEDIA Figure 3A, Editor, point out the gray areas between the red stripes for ‘exhibited no EBD fluorescence…’
5.2.2. LAB MEDIA Figure 3_Sap Image.tif, Editor, add in the white arrows with ‘whereas the sapje homozygous mutants…’ as seen in Figure 3B
6. Conclusion (said by authors on camera)
6.1. Eric Horstick: Once proficient, Evans Blue Dye injection into the common cardinal vein of zebrafish larvae can be completed within 30-60 minutes, depending on the number of larvae being injected. Additionally, experimental results can be obtained in a single day.

6.2. Erik Horstick: To ensure proficiency, it is important to remember to carefully aim for the cardinal vein in order to produce consistent and interpretable results. This can be challenging, and will likely take practice.

6.3. James Dowling: Following this procedure, other methods can be performed, such as chemical and genetic screens, in order to determine molecular mechanisms responsible for the membrane damage associated with muscular dystrophies. These experiments can also help establish new therapeutic strategies for muscle disease. 

6.4. Erik Horstick: After its development, this technique paved the way for researchers in the field of muscle disease research to explore membrane integrity in zebrafish models of muscular dystrophy.

6.5. Sarah Smith: After watching this video, you should have a thorough understanding of how to inject Evan’s Blue Dye into the common cardinal vein of zebrafish larvae. You should also understand how to identify muscle fibers with membrane damage due to the presence of Evan’s Blue Dye within the fibers. 

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.

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 are included in the email accompanying the finalized script.

( 2013, Journal of Visualized Experiments


