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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 you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _Nikon SMZ1000, Nikon SMZ445__________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N____ 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 steps by their protocol number. ___2.5, 2.7, 2.12, 2.14, 3.4, 3.7________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.___2.12.  Use a dissecting microscope with sufficient illumination and good optics; use sharp forceps; keep embryo still and in place while dissecting; slow, deliberate movements.___________________

E.  Will the filming need to take place in multiple locations? (Y/N) __Y__ If yes, how far apart are the locations? __~50 meters_______________________________________

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 examine the effects of small-molecule inhibitors on fetal organ development using an ex vivo droplet culture technique. (Intro)
This is accomplished by first opening the peritoneum of a pregnant mouse and removing the embryo-containing uterus. (P1, Editor, begin with the mouse in P1, then transition to the panel to the right and then to the third panel of a single uterus.)
Next, the embryos are removed from the uterus and are freed from the yolk and amniotic sacs. (P2, Editor, transition to the blue plate in P2 with the uterus, then add in the straw colored embryo to the right of the plate.)
Then, the gonad-mesonephros (pronounce: "mez-uh-NEF-russ") complex is dissected and isolated from the embryo. (P3, Editor, transition through the panels I P3 from left to right, with the gray needle ‘cutting’ the gonad to arrive at the two light pink pieces at the right.)
Finally, the gonad-mesonephros complex is cultured in a droplet with or without a small-molecule inhibitor. (P4, Editor, in P4, place the gonad piece into the tip with pink solution as shown on the left, then make drops in the plate as shown with the gonads, then place the small dishes into the larger blue dish.)
Ultimately, immunofluorescence microscopy is used to show changes in organ architecture using cell-type-specific antibodies. (P5, Editor, bring in the long rectangle with the smaller rectangle in the center and add in the arrow from P4, adding in the 4 dots on the small rectangle.  Then bring in the 20X microscope objective, then zoom in on one of the dots with the red and green panel on the right.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Sarah Potter: The main advantage of this technique over existing methods, like in vitro cell culture lines, is that ex vivo whole organ cultures maintain cell-cell interactions and extracellular matrices that are likely critical during organ patterning. 
1.2. Author name Sarah Potter: Furthermore, this droplet technique has an added advantage over other whole organ culture protocols because it uses a minimal culture volume, reducing costs and potential toxicity, and allows the direct delivery and diffusion of the pharmacological reagent into the target organ.   
1.3. Author name Tony DeFalco: Though this method can provide insight into vascular development in fetal testes, it can also be applied to other fetal organs, such as the lung, and can be used to investigate other biological processes or cell signaling pathways during fetal organogenesis.
Protocol (read by voice talent at JoVE):

2. Isolation of Fetal Testes from Mus musculus
2.1. TEXT ON WHITE BACKGROUND:  Experiments on mice were carried out in accordance with NIH guidelines, and experimental protocols were approved by the Institutional Animal Care and Use Committee of Cincinnati Children’s Hospital Medical Center.  Prepare instruments, culture media, and dishes according to the text protocol [2.1.1-TXT].
2.1.1. Text of the above statement
2.2. [2.2.1-WIDE/MED][2.2.2-CU/ECU]. At E11.5, after euthanizing the pregnant mouse according to the text, use 70% ethanol to spray down the abdomen [2.2.3-MED/CU]. 
2.2.1. Talent picks up mouse from cage and places on bench to check

2.2.2. Talent points out vaginal plug

2.2.3. Talent places euthanized mouse on bench and sprays with ethanol
2.3. With fine scissors, make a V-shaped incision to open the belly skin and peritoneum and pull back the flap of tissue to expose the interior organs [2.3.1-CU]. 
2.3.1. Film as written 
2.4. Locate the ovaries at both ends of the uterine horn [2.4.1-CU].  Then with scissors, cut at the ovary and the connective tissue to separate the uterus containing the embryos from the mother’s body [2.4.2-CU].
2.4.1. Film as written 
2.4.2. Film as written

2.5. Next, open the uterine wall by gently cutting the side opposite the placentae, exposing the yolk sacs [2.5.1-CU/ECU].  Be careful not to puncture the yolk sac to avoid damaging or losing embryos [2.5.2-CU/ECU].
2.5.1. Film as written

2.5.2. Talent continues exposing yolk sacs while taking care to not damage embryos

2.6. Then cut near the placenta to remove the embryo-containing yolk sacs [2.6.1-CU] and place them into a dish containing PBS with calcium and magnesium, which will help support cell adhesion molecules to maintain tissue architecture and prevent the tissue from sticking to the tools [2.6.2-CU].
2.6.1. Film as written

2.6.2. [combined with 2.6.1] Talent places embryos/yolk sacs into dish of PBS

2.7. With forceps, remove the yolk sac and amnion from the embryo by carefully puncturing the yolk sac to create a hole in which the embryo can slide out [2.7.1-CU].  Once an embryo is outside of the yolk sac, cut the umbilical cord [2.7.2-CU].
2.7.1. Film as written

2.7.2. Film as written

2.8. From this point forward, use a microscope located in a sterile tissue culture hood.  Remove the head of the embryo by using forceps to pinch on either side of the neck [2.8.1-SCOPE].  Discard the head [2.8.2-CU].
2.8.1. Talent removes head

2.8.2. Talent discards head on container  

2.9. Remove the tail and place it into a new microcentrifuge tube for XY PCR analysis to determine the sex of the embryo [2.9.1-CU].
2.9.1. Film as written

2.10. Now, secure the embryo in a supine position against the bottom of the culture dish by using a pair of forceps to pin the armpits of the embryo [2.10.1-SCOPE/ECU].  [2.10.2-CU].
2.10.1. Film as written

2.10.2. Shot of forceps holding embryo in secure position

2.11. With another pair of forceps, remove the skin covering the abdomen [2.11.1-SCOPE] and gently remove the liver [2.11.2-SCOPE], intestines [2.11.3-SCOPE], and other organs to expose the back body wall where the urogenital ridge is located [2.11.4-SCOPE]. 

2.11.1. Film as written

2.11.2. Film as written

2.11.3. Film as written

2.11.4. Talent removes rest of organs to expose back body wall

2.12. Use the forceps to scoop underneath the urogenital ridge. By carefully opening the forceps and lifting up, remove the urogenital ridge. Take care not to cause damage to the gonads [2.12.1-SCOPE].
2.12.1. Film as written NOTE: there are two takes of this view.
2.13. Transfer the urogenital ridge into a dish of cDMEM to acclimate the tissue to the medium [2.13.1-ECU].
2.13.1. Film as written

2.14. Using 27-gauge needles to separate the gonad-mesonephros complex from the rest of the urogenital ridge [2.14.1-CU], use one needle to cut by pressing down and the other to guide the tissue correctly to allow optimal separation [2.14.2-ECU SCOPE-TXT]. 
2.14.1. Shot of needles on bench and talent picks up two needles

2.14.2. Film as written (TEXT: avoid using a sawing motion against dish) (Addition of the separation on the other side as well)
3. Culturing of Gonad with a Small Molecule Inhibitor   
3.1. To culture the gonad with a small molecule inhibitor, set two 20 ul pipettes to 15 ul each [3.1.1-MED/CU].  Using a clean, sterilized razor blade, cut about 1-2 mm off one of the barrier pipette tips for transfer of the gonads and addition of control cDMEM [3.1.2-CU].
3.1.1. Talent finishes setting pipette to 15 ul and sets next to second pipette already set

3.1.2. Film as written

3.2. Line up the gonads with their long axes parallel to the pipette tip so they can easily be pipetted with the cut-off tip [3.2.1-CU SCOPE].  

3.2.1. Film as written

3.3. Label one side of a 35 mm dish lid as the control droplet and the other as the drug-containing droplet [3.3.1-CU]. Make sure the labels on the lids match the labels on tail-tissue containing microcentrifuge tubes [3.3.2-CU].
3.3.1. Film as written

3.3.2. Talent holds lid for camera to show labels with corresponding labeled tubes 

3.4. Pipette 15 ul of cDMEM containing a single gonad into a droplet in the lid, taking care that gonads don’t stick to the inside of the pipette tip [3.4.1-CU/ECU SCOPE] and repeat with the second droplet on the other side [3.4.2-CU].  Check under the microscope that the gonads have been transferred [3.4.3-SCOPE/ECU].
3.4.1. Film as written

3.4.2. Film as written

3.4.3. Gonads in droplets in lid

3.5. To the droplet designated as the control, use the ‘control’ pipette to add an additional 15 ul of cDMEM containing DMSO to arrive at a 30 ul droplet [3.5.1-CU].  To the other droplet, use the drug-designated pipette to add 15 ul of TKI-II in cDMEM [3.5.2-CU].
3.5.1. Film as written

3.5.2. Film as written

3.6. Using the pipette, spread out the droplets in an expanding circular pattern until they are about 15-18 mm in diameter and the gonad is located roughly in the middle [3.6.1-SCOPE/ECU].
3.6.1. Film as written  (SCOPE)
3.6.2. [added] Film as written  (ECU)

3.7. Orient the gonad so that it lies on its side and the gonad and mesonephros are easily distinguishable [3.7.1-SCOPE/ECU]. Orient the lung so that the two lobes lay flat and are held in place by surface tension while not touching one another [3.7.2-SCOPE/ECU].
3.7.1. Talent orients gonad on its side; Videographer, have talent point out the gonad and mesonephros; Editor, point these out

3.7.2. Film as written

3.8. Carefully place the culture dish lid with the droplets upright and laying flat on the surface of the water in a large humidifier dish [3.8.1-CU], ensuring that there are no bubbles trapped underneath and that no water gets into the lid [3.8.2-ECU].
3.8.1. Film as written

3.8.2. Shot showing no air bubbles under lid

3.9. To create a small humidified chamber, immediately cover the large dish with its lid [3.9.1-CU], ensuring that the small dish lids are able to move freely in the larger dish and that air exchange can occur [3.9.2-CU].
3.9.1. Film as written

3.9.2. Talent moves large dish to show that small dishes can move freely

3.10. Once the two small lids are placed into the chamber, immediately place the chamber into a 37 degrees C, CO2 incubator for 48 hours [3.10.1-WIDE].  Carry out PCR and immunofluorescence according to the text protocol [3.10.2-LM].
3.10.1. Film as written

3.10.2. LAB MEDIA Image of gel (Authors will provide) and Figure 3, top row, second image from left.  Editor, place the Figure 3 panel side by side with the gel image when mentioned.
4. Results:  Ex vivo Droplet Culture of Fetal Whole Gonad-mesonephros Complexes 
4.1. When cultured using the ex vivo droplet culture system, fetal gonad-mesonephros complexes have a high survival rate.  As shown here, comparisons of E11.5 gonads at initial incubation versus 24 or 48 hours in culture reveal a dramatic change in gonad shape and the appearance of stripe-like cord structures in the control XY gonad [4.1.1-LM].
4.1.1. LAB MEDIA 53262_DeFalco_Figure1.ppt (different from figure 1 in manuscript), Editor, point out the E11.5 gonad for ‘initial’ then the 24 hr and 48 hr when mentioned.  For the stripe-like cord structures, point out the stripes in the top portion of the E13.5 gonad.
4.2. As seen here, the droplet culture system can recreate testis differentiation events ex vivo, as it is possible to visualize SOX9-positive Sertoli cells in XY gonads forming into tubule-like cords and vasculature forming throughout the organ [4.2.1-LM].
4.2.1. LAB MEDIA 53262_DeFalco_Figure2.ppt, Editor, point out the green tube-like structures forming in the middle and right hand panels.  For the vasculature, point out the vessel in the middle and right panels (add in the arrows and text when mentioned). 
4.3. In lungs, 48-hour culture results in increased branching of SOX9/E-cadherin double-positive epithelial branches.  While there is some increase in apoptotic cells in lungs in the same culture conditions, similar levels of apoptosis are seen in control cultured and in utero gonads, suggesting that the gonad is particularly amenable to the culture conditions [4.3.1-LM].
4.3.1. LAB MEDIA 53262_DeFalco_Figure3.ppt, Editor, for the first sentence, point out the green and red in the top panels. Editor, for some increase in apoptotic cells in lungs, in point out the green spots in the middle panels.  For’ similar levels of apoptosis are seen in control…’ point out the green spots in the bottom, gonad panels.
4.4. To examine the effects of vascularization and vascular remodeling on testis morphogenesis, the small-molecule inhibitor TKI II, which blocks the activity of VEGF receptors, was used.  The results demonstrate that disruption of vascular remodeling in the fetal testis is effective in the droplet culture system, and subsequent defects in testis cord morphogenesis can be visualized [4.4.1-LM].
4.4.1. LAB MEDIA 53262_DeFalco_Figure4.ppt, Editor, for the last part of the last sentence, add in the disrupted cords text and arrow in the right hand panel.
5. Conclusion (said by authors on camera)
5.1. Author name Tony DeFalco: Following this procedure, other methods like real-time quantitative PCR, next-generation RNA-sequencing, or flow cytometry can be performed in order to answer additional questions like how different pharmacological reagents affect expression of genes or proteins of interest. Time-lapse live imaging can also be used to visualize cellular dynamics in real-time if fluorescent transgenic embryos are used. 
5.2. Author name Tony DeFalco:  Additionally, a wide array of reagents is available to target various candidate signaling pathways that may be involved in organogenesis. These techniques will help us to understand the underlying mechanisms that drive fetal development.
5.3. Author name Sarah Potter: After watching this video, you should be able to set up a whole organ ex vivo upright droplet culture for the study of fetal organogenesis. This technique includes the dissection of mid-gestational embryos, the isolation of the organs of interest, and the preparation of an upright droplet culture for incubation with pharmaceutical reagents.
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.  

4.1 -- 53262_DeFalco_Figure1.ppt – brightfield images of cultured control gonads
4.2 -- 53262_DeFalco_Figure2.ppt – immunofluorescent images of cultured control gonads
4.3 -- 53262_DeFalco_Figure3.ppt – immunofluorescent images of cultured control lungs and gonads
4.4 -- 53262_DeFalco_Figure4.ppt – immunofluorescent images of TKI-II-treated cultured gonads showing disruption of vasculature and testis cord morphogenesis.
53262_DeFalco_Animation.ppt – images for animations
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.
( 2013, Journal of Visualized Experiments


