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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Y
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? 4.4.-4.9.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  4.8, 4.9 these steps are successful with practice of the technique
E.  Will the filming need to take place in multiple locations? N

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of the following experiment is to use microbead implantation to introduce alterations in the local tissue environment at specific spatial and temporal points during zebrafish embryogenesis. (Intro) This is achieved by first preparing a microbead implantation tray to facilitate the precise handling and implantation of the microbeads. (P1) As a second step, the zebrafish eggs are incubated to the desired stage of development. (P2) The microbeads are then prepared in the appropriate experimental solutions (P3) and carefully transferred into the desired location within the embryo. (P4) Ultimately, microbead implantation can be performed without the disruption of normal zebrafish development, allowing assessment of the effects of the molecules of interest on zebrafish embryogenesis. (P5)
(P1) from Figure 2 JoVE_microbeardREVISED.jpg, please show big petri dish, then add little petri dish (microbead implantation tray), pour agarose into dish, and add and remove “well mold” (see 2.5.-2.6.) to create embryo depression mold
(P2) show aquarium with zebrafish eggs, then have strainer appear and transfer some eggs from aquarium to petri dish 
(P3) show microbeads, then add microbeads to petri dish with “microbead treatment” or “molecule of interest” label or similar 

(P4) from Figure 3 JoVE_microbead.jpg or Figure 4 JoVE_microbead.jpg, show embryo and then add microbead to embryo
(P5) Figure 4 JoVE_microbead.jpg
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Gary F. Gerlach: This method can help answer key questions in the development field, such as how do different molecules affect organogenesis?  

1.2. Elvin E. Morales: Generally, individuals new to this method will struggle, as it takes practice to become skilled at handling the microbeads.

Protocol (read by voice talent at JoVE):
2. Microbead implantation tray preparation
2.1. To prepare the microbead implantation tray, first heat freshly prepared 2% agarose solution for 90 seconds in a 250 ml Erlenmeyer flask [2.1.1.-WIDE-TXT], swirling the flask every 30 seconds to prevent the gel from bubbling over [2.1.2.-MED].
2.1.1. Talent placing flask into microwave (TEXT: See text for all reagent/media preparation details) 

2.1.2. Few seconds Talent swirling flask

2.2. Next, place the lid of a 60 x 15 mm petri dish into a 150 x 15 mm dish with the interior of the lid facing upward [2.2.1.-MED].

2.2.1. *Film as written

2.3. Then, anchoring the lid of the smaller petri dish with an index finger [2.3.1.-CU], pour the hot agarose gel into the bigger dish [2.3.2.-CU].

2.3.1. Combine 2.3.1. and 2.3.2. as appropriate      *Cut before the petri dish floats up*
2.3.2. Combine 2.3.1. and 2.3.2. as appropriate

2.4. Allow a thin layer of agarose to form below the smaller lid to prevent the formation of condensation and to make the beads easier to see under the microscope [2.4.1.-CU].
2.4.1. Few seconds layer forming under smaller dish   *Cut before the petri dish floats up*
2.5. As the agarose cools but before it solidifies, slowly angle a well mold into the top of the gel to allow easier placement of the embryos [2.5.1.-CU].
2.5.1. Few seconds mold being angled into gel       *Use second take*
2.6. When the gel has solidified, use a microspatula to carefully remove the well mold [2.6.1.-CU]. Then add E3 solution to the dish [2.6.2.-CU] and store it at 4°C [2.6.3.-MED].

2.6.1. Few seconds mold being lifted

2.6.2. Few seconds E3 being added to dish

2.6.3. Talent placing dish at 4°C
3. Embryo collection

3.1. To harvest the zebrafish embryos, fill a mating chamber with system water [3.1.1.-WIDE]. Then place a divider in the middle of the chamber [3.1.2.-MED] and add adult male and female zebrafish into the appropriate sides of the chamber [3.1.3.-MED].
3.1.1. Few seconds Talent adding water to chamber

3.1.2. *Film as written

3.1.3. Embryos being added to at least one side
3.2. The next morning, use a fine wire mesh strainer to collect the fertilized eggs [3.2.1.-CU]. 

3.2.1. Few seconds egg(s) being collected

3.3. Turn the strainer upside down inside a clean 10 cm petri dish [3.3.1.-CU] and rinse the mesh with a fine stream of E3 until there are no eggs left in the strainer [3.3.2.-CU] and there are approximately 25 ml of E3 solution in the dish [3.3.3.-CU].

3.3.1. *Film as written

3.3.2. Few seconds strainer being rinsed

3.3.3. Shot of dish with 25 ml of E3 solution and eggs

3.4. Then divide the eggs among several dishes at 50-60 eggs per dish to avoid overcrowding [3.4.1.-CU-TXT] and incubate the eggs in E3 solution at 28.5°C [3.4.2.-MED].

3.4.1. At least a few eggs being added to at least one dish, with other dishes of eggs visible in frame if possible (TEXT: Overcrowding ( developmental asynchrony) 

3.4.2. Talent placing dish(es) at 28.5°C
4. Bead implantation 

4.1. Before implanting the microbeads, incubate them in the appropriate volume of the test molecule of interest or control vehicle for the appropriate period of time [4.1.1.-WIDE].
4.1.1. Talent adding microbeads to dish  
4.2. Then, when the embryos have reached the desired developmental time point [4.2.1.-MED], use fine forceps to remove their chorions [4.2.2.-SCOPE/CU] and incubate the zebrafish in filtered Ringer’s solution supplemented with antibiotics for 10 minutes [4.2.3.-CU].
4.2.1. Talent taking dish(es) out of incubator

4.2.2. Few seconds chorion being removed from at least one embryo

4.2.3. Few seconds Ringer’s solution + antibiotics being added to dish, with Ringer’s solution container label visible in frame if possible

4.3. While the embryos are acclimating, transfer the microbeads into the previously prepared microbead plate nestled within the implantation tray [4.3.1.-CU] and rinse the beads in Ringer’s solution for 10 minutes [4.3.2.-CU].
4.3.1. Few seconds microbeads being added to implantation tray

4.3.2. Few seconds Ringer’s solution being added to beads 
4.4. Within 50 minutes of washing the beads, array one embryo at a time within the well of the implantation tray such that the area for microbead implantation is accessible [4.4.1.-CU].
4.4.1. Few seconds embryo being placed/adjusted in tray   *Misslated as 4.3.2*
4.5. Using a tungsten needle, make a small incision on the embryo [4.5.1.-CU].

4.5.1. Few seconds incision being made 
4.6. Then depress the bulb of a microcapillary transfer pipette [4.6.1.-CU] to gently pull a microbead into the capillary column [4.6.2.-CU] and release the pressure to deliver the microbead into the implantation tray [4.6.3.-CU].
4.6.1. Combine 4.6.1. and 4.6.2. as appropriate   *Slated as 4.6.1,2,3 but only covers 1*
4.6.2. Combine 4.6.1. and 4.6.2. as appropriate   *Includes 4.6.3*
4.6.3. *Film as written

4.7. To make the microbead easier to handle, gently push the bead [4.7.1.-CU/SCOPE] to sink it into the Ringer’s solution within the mold [4.7.2.-CU/SCOPE].
4.7.1. Combine 4.7.1. and 4.7.2. as appropriate      *It is a note, not a shot (covered in 4.6)*
4.7.2. Combine 4.7.1. and 4.7.2. as appropriate

4.8. Then, using the microneedle, move the microbead onto the embryo [4.8.1.-SCOPE] and into the incision [4.8.2.-SCOPE].

4.8.1. *Film as written     *Slated as 4.8.1,2 but only covers 1*
4.8.2. *Film as written

*Extra clip with more angles of 4.8.1 and 4.8.2 (not slated)*
4.9. Finally, use the whisker tool to move the microbead away from the incision site so that the bead will not be expelled as it heals [4.9.1.-SCOPE]. 
4.9.1. *Film as written

4.10. The success of the microbead implantation can then be immediately gauged through the stereomicroscope [4.10.1.-MED], as the bead will remain stably positioned within the tissue [4.10.1.-SCOPE].
4.10.1. Video Editor: use only if necessary for narration timing

4.10.2. Shot of bead in position
5. Results: Zebrafish gross development is unperturbed by microbead implantation
5.1. In this experiment, single microbeads of two [5.1.1.-LM] different sizes [5.1.2.-LM], rinsed with Ringer’s solution alone, were implanted into zebrafish embryos at the tail bud stage [5.1.3.-LM] or at later time points during somitogenesis [5.1.4.-LM].
5.1.1. Figure 3 JoVE_microbead.jpg: please add top and middle rows of images (at the same time) OR add/indicate microbeads into top and middle rows of images (at the same time)

5.1.2.  Figure 3 JoVE_microbead.jpg: please add bottom row of images OR add/indicate microbeads into bottom row of images
5.1.3. Figure 3 JoVE_microbead.jpg: please indicate top row of images and add/flash/also indicate black arrows

5.1.4. Figure 3 JoVE_microbead.jpg: please indicate middle and bottom row of images and add/flash/also indicate black arrow

5.2. To ensure that the bead location has not shifted over the duration of the experiment due to endogenous tissue morphogenesis, the embryo samples can be visualized by live time-course photography or checked at periodic intervals.
5.2.1. Figure 4 JoVE_microbead.jpg: please sequentially add rows of images and/or text (from top to bottom)

5.3. As the images demonstrate, microbead implantation in the absence of any conjugated small molecules can be achieved without gross morphological effects during the normal development of the zebrafish embryo.
5.3.1. Figure 4 JoVE_microbead.jpg: please add/indicate arrows
6. Conclusion (said by authors on camera)
6.1. Elvin E. Morales: Following this procedure, other methods like whole mount in situ hybridization, can be performed to study how the microbead affects gene expression.

6.2. Gary F. Gerlach: Overall, understanding the position of the bead over time is critical for the most informed interpretation of results, such as evaluating the effect of a small molecule on a target tissue or developmental process.
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.  

Figure 3 JoVE_microbead.jpg

Figure 4 JoVE_microbead.jpg
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.
�Authors: how would you like the microbead treatment to be indicated in the schematic overview animation?
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