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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 yes, please list make and model of your microscope: Zeiss Stemi2000; Zeiss Discovery.V12_SteREO_____________________________
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______2.2; 4.4; 4.5; 5.5____________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Step 4.4 is the most difficult aspect, as the needle has to be inserted very carefully and from a certain angle. To avoid damage to the heart, the needle is inserted very slowly from the dorso-lateral side of the larva.
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 deliver morpholino oligonucleotides via ventricular injections into the larval caudal fin, and knock down genes to asses their function during regeneration. (Intro)
This is accomplished by first anesthetizing the larva and placing them into a groove of the agarose mold (P1, Editor, use #1 here.  Begin with the round disc with the rectangular striped box in it.  Ten bring in the two embryos at the top and place them into the rows.  Then zoom into a row as shown by the inset at the right of the embryo laying in the box.)
Next, the injection needle is inserted into the heart ventricle (P2, Editor, zoom in on the embryo in the box and transition to the embryo in #2.  Then bring in the green line as shown for the needle being inserted.)
Then, the morpholino solution is injected 4-6 times into the ventricle, with waiting intervals between pulses to allow clearing of the heart . (P3, Editor, use #3 here.  Transition from 2 to the top panel of 3 with the additional green spots in the embryo behind the eye.  Then transition to the green embryo in the bottom panel.)
Finally, the caudal fin is amputated and allowed to regenerate for three days. (P4, Editor, transition to #4 with the green embryo and a new white embryo as shown.  Bring in the scissors to cut the tail – transition to day 1 panels here, then for ‘allowed to regenerate for three days,’ scroll to the white and green embryos in the right hand panel for day 4.)
Ultimately, the effect on fin regeneration can then be assessed by measuring the regenerated area of the fin, using the line-tracing tool of Fiji Image J open-source software. (P5, Editor, use panels J, K, and L in Figure 4 here.)
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).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Judith Konantz: The main advantage of this technique over existing methods, like transgenesis or mutagenesis, is that it allows the knock down of genes by morpholinos in larval tissues that are not suitable for direct injections.   
Protocol (read by voice talent at JoVE):

2. Preparation of Glass Needles and Morpholino Solution

2.1. Using glass capillaries with a 0.75 mm diameter, place one into a needle puller and pull the needle with the following parameters.   (TEXT: heating cycle: 463; pulling cycle: 230; velocity: 150 msec;  time: 150 msec).

2.1.1. WIDE Talent at needle puller picks up glass capillaries

2.1.2. MED/CU Talent takes a capillary out of package – have size of capillaries visible if possible

2.1.3. MED Talent places capillary into puller and pulls, Videographer, if possible, frame this to have a bulleted list off to the side.   Editor, make a bulleted list of the text above while talent is pulling the needle
2.2. With watchmaker’s tweezers and under a stereoscope with a micrometer eyepiece, break the pulled capillary to produce a 20 um diameter needle. Then use a lathe with a wetted rubber spinning wheel to sharpen the needle and produce a 20 µm bevel.
2.2.1. MED/CU Talent sitting at scope picks up tweezers then looks under eyepiece
2.2.2. SCOPE Talent places capillary under lens and breaks it to produce a 20 um needle
2.2.3. MED/CU Talent uses lathe to sharpen needle
2.2.4. SCOPE Sharpened needle under scope showing 20 um bevel
2.3. Prepare the morpholino stock by dissolving the lyophilized morpholino in 1x PBS to a final concentration of 7.5 mM.
2.3.1. MED/CU Talent adds PBS to morpholino and pipettes up and down to dissolve
2.4. Mix the morpholino injection solution by combining 2.5µl of morpholino stock solution with 2.8 µl of 1 mM Endo-Porter stock solution for a final concentration of 3.5 mM morpholino and 0.5 mM Endo-Porter.

2.4.1. CU Talent pipettes morpholino stock from stock bottle into tube then pipettes Endo Porter from stock bottle into same tube

3. Larval Injections and Analysis
3.1. To carry out injections, use a micropipette with a 10ul tip to load the beveled glass needle with 5 ul of morpholino solution.  Then insert the glass needle into the needle holder of the micromanipulator connected to the pneumatic pico pump.
3.1.1. ECU Talent uses 10 ul pipette to load glass needle with morpholino solution
3.1.2. MED/CU Talent inserts the glass needle into the needle holder of the micromanipulator 
3.2. Adjust the angle for the injections to approximately 45°, so that the needle only needs to be moved in one planar direction.
3.2.1. MED/CU Talent places needle holder next to the microscope
3.2.2. MED/CU Talent adjusts angle for injections to ~45 degrees
3.3. Next, set the microinjector values as follows: a hold pressure of 20 pounds per square inch, or psi; an ejection pressure of 15 psi; a 100 msec range of gating, and a period value of 1.9, which corresponds to 10.9 msec.
3.3.1. CU Talent sets hold pressure, ejection pressure, range of gating, and period value

3.4. Prepare 20 ml of melted 1.5% agarose in 1xPBS and pour it into a 10 cm Petri dish. Then place a grooved injection mold into the warm agarose to form furrows in the hardened gel.
3.4.1. MED Talent removes melted agarose from microwave

3.4.2. CU Talent pours agarose into a dish

3.4.3. CU Talent places grooved mold into warm agarose

3.4.4. CU Already prepared plate of grooved agarose; Editor, with the VO, ‘to form furrows…’, bring in 3.4.4 as a split screen with 3.4.3 

3.5. To anesthetize larva, place them into 100 ml of aquarium water with 20 mg/L of Tricaine.  

3.5.1. MED/CU Talent places larvae into 20 mg/L ml Tricaine – have container labeled
3.6. After they stop responding to touch, use a plastic Pasteur pipette to carefully transfer the larvae into a groove of the wet agarose mold so that the ventral side is facing the vertical agarose wall of the groove.

3.6.1. CU Talent pipettes up larvae and transfers to a groove of mold

3.6.2. SCOPE Talent adjusts orientation of embryos so that ventral side is facing the wall of the groove

3.7. Place the agarose plate under the stereomicroscope so that the ventricle is facing away from the injection needle.
3.7.1. MED Talent places plate under stereoscope

3.7.2. SCOPE Ventricle is facing away from injection needle; Editor, use an arrow to point out where the injection needle is located

3.8. Next, lower the needle and insert it approximately 1-2 µm into the heart ventricle, taking care not to insert it too deeply.
3.8.1. CU/ECU Talent lowers needle and begins to insert it into heart ventricle
3.8.2. SCOPE Talent inserting needle into heart ventricle
3.9. Then,  inject a 3 nanoliter pulse of morpholino solution into the ventricle, and wait to allow clearing of the heart before repeating with 5 more pulses.
3.9.1. SCOPE Talent makes first injection, allows clearing of heart, then injects a second time, then allows clearing again before injecting again – Videographer, get at least three injections to make sure to cover VO and demonstrate the clearing before repeating injection
3.10. After injection, remove the needle and place it into a Petri dish containing 1X PBS to prevent drying.  Then, using a transfer pipette filled with E3 medium, carefully transfer the larva back into a Petri dish containing fresh E3 medium. 

3.10.1. MED/CU Talent removes needle and places into dish of PBS

3.10.2. CU Talent pipettes up E3 then pipettes up larvae 

3.10.3. CU Talent expels larvae into petri dish of E3

3.11. To ensure uptake and maintenance of the morpholino in cells, repeat the injections every 12-24 hours for the duration of the experiment.

3.11.1. MED/B-ROLL Talent at scope looking through eyepieces and injecting into larvae 

3.12. To assess the injections, after anesthetizing the fish, place them on a flat, wet agarose plate covered with E3 medium before using a stereomicroscope with brightfield and fluorescence to image them.  

3.12.1. CU Talent transfers an anesthetized fish onto wet agarose 

3.12.2. MED Talent places plate onto scope stage

SCREEN Talent takes a brightfield image of larvae
4. Assessment of Regenerative Outgrowth (Editor, use area ‘measurement zf larva .mp4’ for 4.2 – 4.5 below)
4.1. Analyze images for regeneration using Fiji Image J free software (TEXT: http://fiji.sc/Fiji). 
4.1.1. MED OVER SHOULDER Talent opens an image in Image J software, videographer, get enough footage here for the first half of the first sentence in 4.2 below
4.2. To use the line tracing tool to determine the amount of regenerative growth that has occurred, first calibrate the images by dragging and dropping a file into the main Fiji window.

4.2.1. SCREEN Talent drags and drops a file into main Fiji window (up to timestamp 0:03)
4.3. In the main menu, set the scale for all images by clicking on Analyze.  In the drop down menu, click ‘Set scale.’  Then turn on the ‘Global’ option by clicking the check box.

4.3.1. SCREEN Talent clicks on Analyze then in the drop down menu, clicks ‘set scale’.  Then talent clicks the check box for the global option (up to timestamp 0:11)
4.4. Now, drag and drop the image again to measure the amount of regenerative growth.
4.4.1. SCREEN Talent drags and drops the image again to measure growth (up to timestamp 0:18)
4.5. In the toolbar, choose the “freehand selections” tool and encircle the area to be measured.  Finally, press Ctrl+M. This will open a new “Results” window showing the value of the encircled area in square pixels. 
4.5.1. SCREEN Talent chooses freehand selections tool and encircles area to be measured (up to timestamp 0:37)
4.5.2. MED/CU Talent presses Ctrl+M
4.5.3. SCREEN New results window opens showing value of encircled area in square pixels (remainder of file)
5. Results: Transfection using Cardiac Ventricular Injection
5.1. As seen here, within minutes of injection, the morpholino–Endo-Porter solution distributes throughout the vasculature into different tissues such as the finfold and brain for at least twelve or more hours. 

5.1.1. LAB MEDIA Figure4A-C, Editor, point out where the arrows are in C with ‘the finfold and the brain…’ 
5.2. To assess the regeneration of distal larval fin structures, the following were removed:  the distal tip of the finfold and spinal cord, distal trunk muscle, the distal notochord, pigment cells, skin, and mesenchyme; which are difficult to target by direct injection, but appear to incorporate the morpholino after serial ventricular injections.  Thus, this method relatively easily promotes the delivery of morpholino to tissues that are difficult to individually target, and it permits the assessment of gene function in several tissues in the regenerating fin at once.
5.2.1. LAB MEDIA Figure 4D-G, Editor, bring in D, F and H first with F above D and H point out the removal of the tail pieces in H compared to D with the VO, then bring in E, G, and I with, ‘but appear to incorporate the morpholino…’
5.3. To analyze the importance of specific genes involved in regeneration, the larval caudal fin is partially amputated and all the tissues that have incorporated the morpholino are resected. The larval finfold regenerates its structure within a few days post amputation.
5.3.1. LAB MEDIA Figure4H-J, Editor, bring in J underneath I with the VO ‘The larval finfold regenerates…’
5.4. As demonstrated here, morpholinos targeting genes required for regeneration perturb the regeneration response compared to uninjected and mismatch morpholino controls.
5.4.1. LAB MEDIA Figure 4J-L, Editor, point out K for ‘Morpholinos targeting genes required for regeneration…’, and J  and L for ‘uninjected and mismatch morpholino controls’ 

6. Conclusion (said by authors on camera)

6.1. Author:  Judith Konantz: After its development, this technique paved the way for researchers in the field of regeneration to explore the molecular mechanisms that are involved in the regeneration of the zebrafish fin. 
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.
6.1 – Konantz_Figure3A.tif
6.1 – Konantz_Figure3B.tif
6.1 – Konantz_Figure3C.tif
6.1 – Konantz_Figure3D.tif
6.1 – Konantz_Figure3E.tif
6.2 – Konantz_Figure4A.tif
6.2 – Konantz_Figure4B.tif
6.2 – Konantz_Figure4C.tif
6.3 – Konantz_Figure4D.tif
6.3 – Konantz_Figure4E.tif
6.3 – Konantz_Figure4F.tif
6.3 – Konantz_Figure4G.tif
6.3 – Konantz_Figure4H.tif
6.4 – Konantz_Figure4H.tif
6.4 – Konantz_Figure4I.tif
6.4 – Konantz_Figure4J.tif

6.5 – Konantz_Figure4J.tif

6.5 – Konantz_Figure4K.tif

6.5 – Konantz_Figure4L.tif
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


