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Questionnaire:

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Y   If yes, please list model of your microscope: Leica MZF with C mount.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N

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.   ________no specific steps_________ 
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. ____none listed____
E.  Will the filming need to take place in multiple locations? Y,   in adjacent rooms.
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 this procedure is to show how to determine the effects of growth factors and inhibitors in the gene expression of developing chicken embryo limbs. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Dylan Sweetman: This method can help answer key questions in developmental biology, such as how signaling molecules influence growth and differentiation of cells in vivo.  (2 takes)
1.2. Dylan Sweetman: The main advantage of this technique is that it provides a method to test these factors directly in the embryo.(2 takes)
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)    
1.3. Dylan Sweetman: Though this method can provide insight into limb development, it can also be applied to other systems, such as neural tissue, somites and gastrulation.  (2 takes)
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.4. Dylan Sweetman: Demonstrating the procedure will be Rabeea Mohammed, a graduate student from my laboratory. 

1.4.1. Interview style: Author saying the above (2 takes)
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.  (3 takes)
Protocol (read by voice talent at JoVE):  
2. Preparation of Heparin Beads for Grafting
2.1. To begin, transfer 1 mL of the beads from the original stock solution into a fresh tube.  [2.1.1 - MED] Allow the beads to settle, then remove the liquid and replace it with 1 ml of PBS.  Repeat this step 5 times and [2.1.2 - CU] store the washed beads at 4°C as a slurry in PBS. [2.1.3 - MED]
2.1.1. *Film as written (1 take)
2.1.2. Talent removes the PBS from a settled tube and then adds fresh PBS and mixes the tube. (1 take) (added second part of sentence as second step as 2.1.2A, only filmed it once)
2.1.3. Talent places the slurry at 4°C. (1 take)
2.2. Select the beads for grafting by removing them from the washed stock solution using a 20 microliter pipette and place them into 1 ml of PBS. [2.2.1 - CU]
2.2.1. *Film as written (added a step of transferring beads from 1 lid to the next)
2.3. Using a stereoscope, [2.3.1 - MED] choose beads that are around 100 microns in diameter.  Transfer the selected beads in 2 microliters of liquid into a new petri dish containing a 20 ml drop of PBS. [2.3.2 - SCOPE]
2.3.1. Talent sits at stereoscope as this step is performed.

2.3.1A-2 takes

2.3.1 B- putting in fridge
2.3.2. Talent transfers (to be done when they have camera)
2.4. Next, remove the PBS from the beads, first with a 20 microliter pipette [2.4.1 - CU] and then remove the residual liquid by capillary action using a fine watch-makers forceps. [2.4.2 - ECU]
2.4.1. *Film as written 2 takes
2.4.2. *Film as written 2 takes
2.5. Dylan Sweetman: It is important to remove as much liquid as possible so the growth factor is not diluted when it is added to the beads. [2.5.1 - INT] 
2.5.1. Interview style: Author saying the above  2 takes
2.6. Pipette the growth factor directly onto the beads. [2.6.1 - MED] For FGF18 (pronounced: “F-G-F-eighteen”), add 0.5 microliters of recombinant FGF18 reconstituted at 0.5 mg/ml in PBS with 0.1% BSA. Then, place several drops of water around the edges of the dish to prevent the liquid from evaporating. [2.6.2 - SCOPE] 
2.6.1. Talent at scope draws up growth factor in a pipette. 2 takes
2.6.2. Talent adds drop of FGF to the bead followed by drops of water around the edge of the dish. 1 take Shot protocol with normal camera
2.7. When ready, incubate the beads for 1 hour at room temperature. Following incubation, remove the drops of water from the dish with a Pasteur pipette and place the dish on ice. [2.7.1 - MED/CU]
2.7.1. Talent uncovers the dish, removes the drops of water, and sets the dish on ice.1 take
2.8. To help visualize the beads, transfer 4 to 5 beads into a 2% solution of phenol red for no more than 15 minutes before grafting. [2.8.1 - SCOPE] Then, rinse the beads in PBS by transferring them to a fresh 30 mm petri dish containing PBS. [2.8.2 - CU] Not filming a 2.8, instead will film it with 3.7
2.8.1. *Film as written

2.8.2. *Film as written

3. Preparation of AG 1-X2 Beads for Grafting   

3.1. Derivatise the beads by first using a spatula to transfer the beads to a 1.5 ml microcentrifuge tube. [3.1.1 - CU] Then, add 1 ml of 0.2 N formic acid and incubate the beads in the acid on a shaking platform for 1 hour. [3.1.2 - MED]
3.1.1. *Film as written 1 take
3.1.2. *Film as written 2 takes
3.2. Next, allow the beads to settle, remove the formic acid and replace it with 1 ml of water. [3.2.1 - CU] Wash the beads for 1 hour on the shaking platform and repeat the wash six times to remove any residual formic acid. [3.2.2 - MED] Following the last wash, remove the remaining liquid and store the beads at 4°C.  [3.2.3 - CU]
3.2.1. *Film as written 2 takes
3.2.2. Talent removes tube from the shaking platform and rinses the beads. 1 take
3.2.3. *Film as written 1 take
3.3. Use a spatula to remove a small pellet of beads, approximately 5 to 10 microliters in volume, from the stock and place the beads into a 30 mm petri dish.  Then, add 1 ml of DMSO. [3.3.1 - CU]
3.3.1. *Film as written

3.3.1A-remove from fridge 1 take Note: these beads should not be shown being removed from the fridge as they are in DMSO which will freeze solid at 4 deg C
3.4. Next, use a P2 pipette set to 2 microliters [3.4.1 - MED] to transfer beads of approximately 100 microns in diameter to a 20 microliter drop of solvent in another 30 mm petri dish. [3.4.2 - CU] 
3.4 to 3.6, all shot in 1, 2 takes, 2nd take BCU
3.4.1. Talent sets pipette to 2 microliters and puts a tip in place.

3.4.2. *Film as written
3.5. Remove the bulk of the solvent with a 20 microliter pipette and any residual solvent with a 2 microliter pipette. [3.5.1 - ECU] Then, cover the beads with 20 microliters of the drug to be applied, dissolved in DMSO. [3.5.2 - CU]
3.6. Incubate the beads in the drug solution for 1 hour. Protect the beads from light as many drug molecules are light sensitive. [3.6.1 - MED]
3.6.1. Talent covers the bead solution and protects it from light.
3.7. To help visualize the beads, transfer 4 to 5 beads [3.7.1 - MED] in 2 microliters of liquid into 20 microliters of 2% phenol red dissolved in water.[3.7.2 - SCOPE] 
(3.7 and 2.8 shot together here)
3.7.1.  Talent at scope transferring beads. (3.7.1 and 3.7.2 shot together here)
3.7.2. Talent transfers 4-5 beads into phenol red solution.

3.8. Remove a single bead with fine watchmaker’s forceps and rinse the bead in PBS. [3.8.1 - SCOPE] Do not leave beads in the phenol red solution for more than 15 minutes before rinsing them, as this can cause loss of activity. [3.8.2 - CU]
3.8.1. *Film as written

3.8.2. *Film as written 

4. Preparing Tungsten Needles and Embryos for Bead Grafts   

4.1. Cut fine tungsten wire into 3 to 4 cm lengths. [4.1.1 - CU] Then, insert one piece of wire into the end of a glass Pasteur pipette and melt in a Bunsen burner to fix it in position. [4.1.2 - CU] Prepare up to 10 needles to ensure that there are spares if they are damaged.[4.1.3 - MED] 
4.1. and 4.2 shot together
4.1.1. *Film as written

4.1.2. *Film as written

4.1.3. Talent sets down last of 10 needles.
4.2. Next, place the end of the wire into a blowtorch flame and hold it there until the tungsten glows white and the tip is sharp. [4.2.1 - ECU] This takes around 2 to 3 minutes.  [4.2.2 - ECU] Add 5 to 6 drops of artists india ink to 15 ml of PBS containing 100 units of penicillin and 0.1 mg of streptomycin/ml. [4.6.1 - CU]
4.2.1. Talent places tip into flame and holds it in place.

4.2.2. Show 5 sec of the tip glowing white.
4.2.3. Added shot – moved from original 4.6:

4.2.4. *Film as written 2 takes
4.2.5. *Film as written 3 takes
4.3. To prepare the chicken embryos, [4.3.1 - MED] incubate eggs with the blunt end up until they reach the desired stage for most limb bud manipulations, which is typically 3 to 5 days. [4.3.2 - CU]
4.3.1. Talent opens egg incubator. 1 take
4.3.2. Talent manipulates eggs to position them blunt end up.

4.4. When the desired time-point is reached, use blunt forceps to tap on the blunt end of the egg and break the shell. [4.4.1 - MED]  Then, use the forceps to remove the shell and expose the embryo. Ensure the eggshell membrane is also removed. [4.4.2 - CU]
4.4.1. *Film as written (shot with 4.4.2, 1 take)
4.4.2. *Film as written (should come after 4.4.2)
4.5. Next, use a 10 ml syringe equipped with a 19 gauge needle to remove only as much albumin as is needed to ensure that the embryo does not make contact with the tape used to seal the egg. [4.5.1 - CU - TXT]  

4.5.1. Talent places syringe into egg, slowly removes albumin, then removes needle. (TEXT: *Remove up to 5 mL of albumin) 1 take
4.6. Add 5 to 6 drops of artists india ink to 15 ml of PBS containing 100 units penicillin and 0.1 mg streptomycin/ml. [4.6.1 - CU] Then, use a 1 ml syringe and a 25 gauge needle to inject 0.5 to 1 ml of the ink solution directly under the embryo in order to better visualize the embryo’s features.[4.6.2 - CU]
4.6.1. *Film as written 2 takes
4.6.2. *Film as written 3 takes
4.7. Next, add 2 to 3 ml of a supplemented PBS with 1% fetal calf serum, 100 units/ml of penicillin, and 0.1 mg/ml of streptomycin into the egg to ensure the embryo does not dehydrate. [4.7.1 - CU] 
(filmed as part of 4.6.2 and 4.8.1, he said they should all be together)
4.7.1. Talent adds PBS mixture to the egg.

4.8. Using sharpened watchmaker’s forceps, [4.8.1 - MED] remove the vitelline membrane and open the amnion over the developing limb buds. At these stages the embryo will typically turn so that the right side is uppermost. [4.8.2 - SCOPE] 
4.8.1. Talent working at scope with forceps.

4.8.2. Talent removes the vitelline. to film later
4.9. Ensure the embryo does not dry out by adding more of the supplemented PBS solution when it is needed.[4.9.1 - MED] 
4.9.1. Talent adds more PBS to the egg. already filmed with 4.6.2
4.10. Next, use a sharpened tungsten wire [4.10.1 - MED] to make an incision into the limb bud where the bead will be implanted. Avoid cutting all the way through the limb bud where possible, although at younger stages this is difficult. [4.10.2 - SCOPE]
4.10.1. Talent at scope picks up wire and moves towards egg. (+ 4.8.1 +4.10.1 shot in 1)
4.10.2. Talent makes incision with the wire.

4.11. Pick up a bead coated with either the growth factor or drug using extra fine watchmaker’s forceps.  If the bead has been soaked in either DMSO or phenol red, be sure it gets rinsed in PBS before applying it to the embryo. [4.11.1 - SCOPE]
4.11.1. Talent uses forceps to pick up bead and rinses bead in PBS.

4.12. Transfer the bead to the embryo using the forceps and then use the sharpened tungsten wire to insert the bead into the incision location. [4.12.1 - SCOPE]
4.12.1. *Film as written

4.13. Add an additional 1 to 2 ml of the supplemented PBS solution to the egg to ensure that the embryo is kept hydrated. Avoid applying the solution directly onto the embryo itself as this can damage the embryos and cause the bead to be dislodged. [4.13.1 - CU] Next, use a 10 ml syringe equipped with a 19 gauge needle to remove only as much albumin as is needed to ensure that the embryo does not make contact with the tape used to seal the egg. [4.5.1 - CU - TXT]  
4.13.1. *Film as written (followed by 4.5.1 and 4.13.1)
4.13.2. Added shot: moved from position 4.5
4.13.3. Talent places syringe into egg, slowly removes albumin, then removes needle. (TEXT: *Remove up to 5 mL of albumin) 1 take
4.14. Finally, seal the egg with tape [4.14.1 - CU] and return it to the incubator.[4.14.2 - MED] 
4.14.1. *Film as written

4.14.2. *Film as written (1 take, with 4.5.1 and 4.13.1)
5. Results: Evaluating Expression of MyoD in Limbs 
5.1. In order to confirm that FGF18 is able to act through MEK (pronounced: “mek”) to phosphorylate ERK (pronounced: “erk”), the embryos were harvested and immunostained for the presence of phosphorylated ERK which can be seen surrounding the grafted bead in the image on the right. [5.1.1 - LM]
5.1.1. Figure 1 h-i (Video Editor: Label Figure 1h “Brightfield” and Figure 1i “Fluorescence”.)

5.2. At HH stage 21, MyoD (pronounced: “my oh dee”) is not expressed in developing limb myoblasts, although staining can be seen in the myotome of the developing somites. [5.2.1 - LM]
5.2.1. Figure 1a

5.3. Six hours following an FGF18 bead graft, MyoD can be seen induced in myoblasts close to the bead, while there is no expression in the contralateral limb. [5.3.1 - LM]
5.3.1. Figure 1b

5.4. This expression can be inhibited by co-grafting a bead coated in a MEK inhibitor, such as U0126. [5.4.1 - LM]
5.4.1. Figure 1c 

5.5. Similarly, grafting a U0126 bead at HH stage 21 reduces the endogenous expression of MyoD after 24 hours, compared with the untreated contralateral limb. [5.5.1 - LM]
5.5.1. Figure 1d-e (Video Editor: Label Figure 1d as “Untreated” and 1e as “U0126”)

5.6. In limb buds at HH stage 19, FGF18 does not induce MyoD, however, co-grafting of beads soaked in FGF18 and a retinoic acid antagonist can overcome this, and ectopic MyoD is detected. [5.6.1 - LM]
5.6.1. Figure 1f-g (Video Editor: Label Figure 1f as “FGF18 Alone” and Figure 1g as “FGF18+BMS493”. With the word “detected” add/highlight the arrow.)

6. Conclusion (said by authors on camera) 
6.1. Dylan Sweetman: Once mastered, this technique can be done in 3 to 4 minutes if it is performed properly. 2 TAKES
6.2. Dylan Sweetman: After its development, this technique paved the way for researchers in the field of developmental biology to explore growth factor signaling in embryo development. 1TAKE (3 IN 1)
6.3. Dylan Sweetman: While attempting this procedure, it’s important to remember to not let the embryo dry out. 1 TAKE
6.4. Dylan Sweetman: After watching this video, you should have a good understanding of how to graft beads into developing embryos to determine how signaling pathways regulate development. 2 TAKES
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.
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