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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: ____

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__yes______ 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.) _____

3.1, 3.2, 3.5
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.) __

E.  Will the filming need to take place in multiple locations? (Y/N) _YES______ If yes, how far apart are the locations? ______Down  2 flights of stairs.__

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 methodology is to visualize the secretion and diffusion of fluorescently tagged ligands in an intact epithelium using expression in Xenopus laevis.
I wasn’t sure if the authors liked “zen-opus” or “zeen-opus”, and I couldn’t find a good pronunciation of laevis, so I did a couple of takes.  But I can’t do this throughout so I went with one pronunciation further down.  
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Dr Betsy Pownall (PI): This method can help answer key questions about the establishment  of morphogen gradients that are known to play important roles in cell lineage specification during early embryonic development.  (2 takes) Called in 1.2 by mistake
1.2. Dr Betsy Pownall: The main advantage of this technique is that it is a simple method that can be used to test effects of other proteins that are thought to alter or shape ligand diffusion. Called if 1.2A as had made a mistake. (2 takes)
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Dr Simon Fellgett An essential part of this protocol is generating biologically active ligands that are normally processed, secreted, and able to elicit a response in the receiving cell, despite having a fluorescent moiety attached. (2 takes, 1 in 2 on second take)
1.4. Dr Peter O’Toole (Head of Imaging and Cytometry Laboratory, University of York) Confocal analysis of fluorescently tagged proteins provides an effective system for visualizing ligand distribution under different experimental conditions. Using standardized image analyses on multiple samples produces statistically robust data. 2 takes
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the University of York ethics committee in compliance with the ARRIVE (Animal Research: Reporting of In Vivo Experiments) guidelines. (https://www.nc3rs.org.uk/arrive-guidelines).
Protocol (read by voice talent at JoVE):

2. Microinjecting Xenopus Embryos
2.1. After generating mRNA coding for fluorescently-tagged ligands [2.1.1-LM] and acquiring Xenopus laevis embryos according to the written protocol [2.1.2-WIDE/MED], inject the mRNA [2.1.3-MED], together with a lineage marker such as memRFP at the 16-32 cell stage [2.1.4-SCOPE-TXT].  If desired, a modulator can be co-injected with the ligand and the fluorescent ligand to analyse its effects.
2.1.1. LAB MEDIA Cloning cartoon.ppt, Editor, bring in the pCS2+ blue partial circle, then add in the red and yellow and green pieces to complete the circle, then transition to the second slide with the straight red, yellow and green line and move it away from the circle. If the straight is representing the mRNA produced from the plasmid, you could include several As at the end of the line as mRNAs have polyA tails.
2.1.2. Talent places collected embryos onto bench

2.1.3. Talent sitting at scope ready to inject

2.1.4. Talent injects one cell at 16-cell stage (TEXT: 1.25 nl/cell) (3 takes, third take is best)
2.2. To analyze the effects of any modulator of ligand diffusion [2.2.1-MED], co-inject mRNA coding for the modulator together with the ligand and lineage tracer [2.2.2-SCOPE].  

2.2.1.  Talent at scope injecting embryos
2.2.2. Talent injects an embryo with mRNA for ligands
2.3. Sometimes it is useful to inject neighboring cells; one with mRNAs coding for the GFP-tagged ligand and a lineage tracer such as memRFP [2.3.1-SCOPE] and the other with mRNAs coding for the modulator and a different lineage tracer, such as memCerulean [2.3.2-SCOPE].
2.3.1. Talent injects one cell This was shown in 2.1.4 take 3.
2.3.2. Talent injects neighboring cell

2.4. Transfer embryos to a 12.5 degrees C incubator [2.4.1-WIDE] and culture to Nieuwkoop and Faber stage 8 the following day [2.4.2-LM].
2.4.1. Talent places embryos into incubator

2.4.2. LAB MEDIA Image of embryo at Nieuwkoop and Faber stage 8, Authors will provide

NOTE: 2.3.2 has been filmed based on Magali’s script but has been changed here, one take

NOTE 2: 2.4.1 has been filmed based on Magali’s script but has been changed here, 2 takes
3. Excising Animal Cap Explants
3.1. When the embryos have reached stage 8, transfer them to 55 mm petri dishes coated with 1% agarose [3.1.1-CU].  Fill the dishes with NAM/2 [3.1.2-CU].
3.1.1. Film as written

3.1.2. [combined with 3.1.1] Film as written

3.2. Using tungsten needles, isolate large circular animal caps, including control caps to ensure that no convergent extension occurs [3.2.1-SCOPE].
3.2.1. Film as written (3 takes)
3.2.2. [added] Betsy Pownall:  “Using a pair of sharp forceps, remove the vitelline membrane. Do not worry about any damage to the cells of the vegetal hemisphere. Next, use tungsten needles to cut a circular explant from the animal hemishphere. This is an animal cap”.
3.3. Transfer animal explants to 55 mm petri dishes coated with 1% agarose [3.3.1-SCOPE+ECU] and culture embryos at 21(C for 4 hours to allow the fluorescent proteins to mature [3.3.2-WIDE].  

3.3.1. Film as written (1 take)
3.3.2. Talent places embryos in incubator (1 take)
3.4. To generate relief slides, apply 2 layers of PVC insulation tape onto microscope slides, completely flattening them down [3.4.1-CU/ECU].  Cut a 14 x 10 mm rectangle out of the tape for mounting animal caps [3.4.2-SCOPE/ECU]. 

3.4.1. Film as written

3.4.2. [combined with 3.4.1] Film as written

3.5. Next, pipette 2 separate droplets of NAM/2 into the relief slide [3.5.1-SCOP/ECU-TXT].  Then, using a cut off P20 tip, transfer up to 15 animal explants to each slide [3.5.2-ECU], and with forceps, orient the explants so that the apical side faces upwards [3.5.3-SCOPE/ECU].

3.5.1. Film as written (TEXT: ~30 (L/droplet)

3.5.2. [combined with 3.5.1] Film as written

3.5.3. Film as written

3.6. Using a diamond pen, score a glass cover slip and break it to create a smaller cover slip to fit the relief slide.  Gently lower a glass cover slip onto the relief slide using a bent 19 gauge needle, compressing the apical layer of animal cap cells [3.6.1-ECU], and allow the cover slip to dry for 20 minutes [3.6.2-MED/CU].  
3.6A [added]
3.6.1. Film as written (2 takes)
3.6.2. Talent arranges slips on bench to dry

3.7. Use nail varnish to seal the slide [3.7.1-CU], dry in the dark for 20 minutes and image within 4-6 hours to ensure healthy animal caps [3.7.2-MED].   
3.7.1. Film as written (1 take)
3.7.2. Talent covers slides and walks away (1 take)
4. Animal Explant Imaging
4.1. TEXT ON WHITE BACKGROUND:  Imaging was carried out using an inverted confocal microscope.  Lambda mode was chosen for imaging as this allowed multiple fluorophores with overlapping signatures to be used, and eliminated potential sample movement between scans [4.1.1-TXT].
4.1.1. TEXT of the above statement
4.2. To carry out imaging, use a low magnification objective to find explants [4.2.1-SCOPE/LM] then switch to a 63x/1.4 oil objective for higher resolution imaging [4.2.2-CU].
4.2.1. SCOPE or image of low mag animal explants (2 takes)
4.2.2. Shot of 63x objective swinging into place (2 takes)
4.3. Switch on the required lasers including 405 for memCerulean, 488 for GFP, and 561 for memRFP using 405 and 488/561 dichroic mirrors [4.3.1-MED/CU].  

4.3.1. Talent switches on lasers In order of VO (included in 4.2.1)
4.4. Then use lambda mode and select the 405 nm, 488, and 561 nm lasers [4.4.1-SCREEN/LM].  To permit a wider field of view, zoom out on the image to 0.6x [4.4.2-SCREEN/LM].
4.4.1. SCREEN/LAB MEDIA Talent selects lambda mode and 405, 488, and 561 lasers

4.4.2. SCREEN/LAB MEDIA Talent zooms out on image

4.5. Next, set the frame size to the desired image size [4.5.1-SCREEN/LM-TXT]. This provides sufficient resolution for the analysis.

4.5.1. SCREEN/LAB MEDIA Talent sets frame size to desired image size (TEXT: e.g., 1024 x 1024 w/220 nm pixel sizes).

4.6. Set averaging to 4 to 8 to increase the signal to noise ratio [4.6.1-SCREEN/LM] and optimize the pinhole.  For this data set, 1 airy unit according to the 561 nm laser was used [4.6.2-SCREEN/LM].
4.6.1. SCREEN/LAB MEDIA Record as written

4.6.2. SCREEN/LAB MEDIA Record as written

4.7. Optimize the laser powers so that all fluorophores can be detected using the 32 detector array while minimizing the amount of voltage and gain required [4.7.1-SCREEN/LM].
4.7.1. SCREEN/LAB MEDIA Record as written

4.8. Collect the light being emitted from memCerulean, GFP, and memRFP.  In this experiment, light was collected about every 10 nm from 415-720 nm [4.8.1-SCREEN/LM].  Carry out image analysis according to the text protocol [4.8.2-MED OVER SHOULDER].
4.8.1. SCREEN/LAB MEDIA Record as written

4.8.2. Talent at scope doing image analysis (3 takes, changed angles)
Dr Simon Fellgett   Animal caps must be correctly orientated in the custom slides and then the cover slip gently lowered onto them.   It is critical not to use too much nail varnish to seal the slide as this will soak the tape, which then wrinkles and breaks the seal on the slide. (2 takes)
5. Results: Diffusion Analysis of Fluorescent Wnt8a and Wnt11b in Xenopus Animal Cap Explants 
5.1. Shown here is the distribution of GFP tagged Shh in an animal cap explant.  Under control conditions, Shh-GFP is secreted and diffuses outside the region expressing the injected mRNAs.  However, in the presence of Sulf1, Shh-GFP is more restricted in its distribution and in this sample, is not detected outside the clone of cells producing it [5.1.1-LM].

5.1.1. LAB MEDIA Figure 1, Editor, for ‘diffuses outside region…’ point out the white dots in the black areas in B.  For the last sentence, point out the white dots along the purple lines in C.
5.2. This figure shows the characterization of two fluorescently tagged Wnt ligands injected into cells.  As indicated here, both Wnt8a and Wnt11b-HA-eGFP accumulate on the membrane of animal cap cells, with Wnt 8a-HA-eGFP accumulating more efficiently than Wnt11b [5.2.1-LM].  

5.2.1. LAB MEDIA Figure 2A, B, E, and F, Editor, point out the green signal in B and F when Wnt8a and Wnt11b are mentioned, respectively.

5.3. This figure shows the distribution of Wnt8a-HA-eGFP expressed in a clone of cells, marked with membrane tethered cerulean. The fluorescently tagged ligand is seen to diffuse several cell diameters across the epithelium [5.3.1-LM].
5.3.1. LAB MEDIA 3F and 3G, Editor, for the last sentence, point out some of the green spots along some of the purple lines outside of the green blobs.

5.4. Image analysis software is used to extract data on the distribution of fluorescently tagged Wnt ligands in multiple experimental samples. As shown here, the distance from the memCerulean expressing clone and the level of GFP fluorescence is measured to determine the range of Wnt diffusion and the shape of the gradient [5.4.1-LM].
5.4.1. LAB MEDIA Figure 3J, Editor, for the distance, point out the X axis and for the GFP fluorescence, point out the Y axis.
6. Conclusion (said by authors on camera)
6.1. Dr Simon Fellgett: Once mastered, 25 embryos will need to be injected to ensure explants from 20 good quality animal caps for confocal imaging the next day.  This needs to be done for each experimental condition. (2 takes)
6.2. Dr Betsy Pownall:  After measuring the distribution of a ligand, the output of the signalling pathway can also be assessed by combining this protocol with another assay to monitor the response of receiving cells and in this way determine the threshold range of a morphogen. (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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