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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? Y (only images)
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: LeicaM165
B.   Software Usage: 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. (Please do not list entire sections.) 2.2-2.5, 2.10; 3.10-3.12
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) 2.10, 3.11
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? Y If yes, how far apart are the locations? 1.3 Km
1. Introduction (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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Cally Xiao: The node and notochordal plate are essential organizers during mouse embryonic development. We will demonstrate two techniques used by developmental biologists to visualize and study these structures [1-MED]. 
1.1.1. Named author states the above, looking slightly off to the side. Interview style. 
1.2. Cally Xiao: In the first protocol, we will demonstrate how to perform scanning electron microscopy (SEM), and in the second, whole mount immunofluorescence (WMIF) [1-MED].
1.2.1. Named author states the above, looking slightly off to the side. Interview style   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Cally Xiao: The node and notochordal plate are transiently present on the surface of the embryo and possess tiny cilia projecting to the outside, which allow their identification and visualization by SEM [1-MED].
1.3.1. Named author states the above, looking slightly off to the side. Interview style  

1.4. Cally Xiao: In both protocols, we will demonstrate the critical steps in handling the relatively small mouse embryos and focus on how to transfer and mount them [1-MED].
1.4.1. Named author states the above, looking slightly off to the side. Interview style   
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. ** Cally Xiao: Demonstrating the procedure with me will be my mentor, Dr. Hisham Bazzi, and Prof. Frank Nitsche, an ecologist who is an expert in SEM. 

1.5.1. Interview style: Author saying the above 

1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.6. All experiments involving animal experiments were approved by the responsible authorities in North Rhein Westphalia (LANUV-NRW).
Protocol: (read by voice talent at JoVE)
2. Scanning Electron Microscopy of the Mouse Embryonic Node 
2.1. To begin, open the abdomen of a euthanized pregnant mouse through the skin and mesenteries [1-MED-TXT]. Using scissors and fine forceps, remove the uterus [2-CU].
2.1.1. Talent opens the abdomen of the mouse. Videographer: Use this as an establishing shot. Focus more on the talent than on the mouse. TEXT: See text for euthanasia details Authors: JoVE does not film or show demonstrations of euthanasia in our videos. 
2.1.2. Talent uses scissors and fine forceps to remove the uterus.
2.2. Rinse the uterus briefly in distilled water and place it in a small Petri dish containing PBS [1-CU]. Then, use a dissecting microscope and fine forceps to remove the uterine muscles to free the individual deciduae [2-SCOPE].

2.2.1. Talent rinses the uterus and places it into a small Petri dish. 

2.2.2. Through the dissecting scope, talent removes the uterine muscles and frees the deciduae. 

2.3. Under the dissecting microscope, hold each decidua with a pair of forceps and use another pair to make a longitudinal, full-thickness incision between the red part and the white part [1-SCOPE].

2.3.1. Talent holds a decidua with one pair of forceps and uses the other to make an incision. 
2.4. Make superficial perforations vertically along the white part of the decidua, contiguous with the incision. Then, pull the decidua apart horizontally into two halves and carefully remove the embryo from the white part of the decidua [1-SCOPE-TXT].
2.4.1. Under the dissecting microscope, talent makes perforations along the white part of the decidua. Then, talent pulls the decidua apart and removes the embryo. TEXT: Repeat with each decidua
2.5. After this, transfer the embryos to a new Petri dish contained sterile-filtered PBS [1-CU]. Remove Reichert’s (Pronunciation: RYE-kurts) membrane from each embryo starting at the ectoplacental cone. For future genotyping, remove a small piece of the yolk sac [2-SCOPE].
2.5.1. Talent transfers the embryo to a new Petri dish. 

2.5.2. Talent removes Reichert’s membrane from the embryo. Then, talent removes a small piece of the yolk sac. Author note: Use shot 2.5.2 up to 1:03 (the embryo used on dissection day does not correspond to the timepoint needed for this experiment; another embryo with the correct timepoint was used for the next shots)
2.5.3. Added shot: Talent removes a small piece of the yolk sac.

2.6. Under a chemical hood, transfer the embryos to a microcentrifuge tube containing EM grade fixative composed of 2.5% glutaraldehyde in sterile-filtered PBS [1-MED-over the shoulder-TXT].

2.6.1. Talent sits at the chemical hood and transfers the embryo to a microcentrifuge tube containing fixative. TEXT: Fix overnight at 4 °C Videographer: Obtain multiple takes. This is repeated. 
2.7. After this, remove the fixative from the tube without disturbing the embryos [1-MED-over the shoulder]. Wash the embryos 3 times in sterile-filtered PBS for 15 minutes at room temperature [2-MED-over the shoulder].
2.7.1. Talent sits at the chemical hood and removes the fixative from the tube. Talent discards of the fixative safely in a labeled waste container. Videographer: Obtain multiple takes. This is repeated.
2.7.2. Talent (still at the chemical hood) washes the embryo once. 

2.8. Next, transfer the embryos in ethanol to a basket for critical point drying in a critical point dryer machine [1-MED]. Fill the chamber with ethanol to cover the basket completely [2-MED].

2.8.1. Talent transfers the embryos to a CPD machine basket. 

2.8.2. Talent fills the CPD machine chamber with ethanol to completely cover the basket. 

2.8 Dehydrate the embryos in an ethanol series for 5 minutes each, using 50%, 70%, and 85% ethanol diluted in PBS. Wash three times in 100% ethanol. Store embryos in 100% ethanol at minus 20 degrees Celcius, or proceed to the next step.

2.8.1 Added shot: Talent removes PBS from the microfuge tube containing embryos and adds 50% ethanol. Talent places the microfuge tube on a nutating shaker.

2.8.2 Added shot: Talent removes liquid from the microfuge tube containing embryos and adds the last 100% ethanol wash.

2.9. After this, transfer the embryos to an appropriate vessel and remove any remaining liquid. Add HMDS and ethanol at a ratio of 1:1 to the embryos for 30 minutes [1-CU]. Then, remove the liquid and add pure HMDS for 30 minutes [2-CU]. Remove the liquid from the embryos with a pipette and allow them to dry for 30 minutes [3-CU].
2.9.1. Talent transfers the embryos to a 4-well dish and adds HMDS and ethanol at a 1:1 ratio to the embryos. 
2.9.2. Talent removes the liquid and adds pure HMDS to the embryos. 

2.9.3. Talent uses a pipette to the liquid from the embryos and sets the embryos aside to dry. 

2.10. Use a small brush and double sided tape to mount the dried embryos on SEM (pronunciation “S-E-M”) stubs with the ventral sides up [1-CU]. Insert the stubs into a sputter coating machine for gold particle coating [2-MED-TXT].
2.10.1. Talent mounts the embryo on an SEM stub. 

2.10.2. Talent inserts the stub into a sputter coating machine. TEXT: See text for gold particle coating specifications

2.11. Cally Xiao: One of the most delicate steps in the SEM protocol is mounting the embryos in the correct orientation onto the tape on the stub. Once the embryo lands on the tape, the orientation cannot be changed anymore [1-MED].
2.11.1. Named author states the above, looking slightly off to the side. Interview style. 

2.12. After this, place the coated stubs into an SEM microscope, apply a vacuum [1-MED]…, and observe the embryonic nodes and notochordal plate cells with cilia [2-SCOPE].
2.12.1. Talent places the coated stub into the SEM microscope and applies a vacuum. 

2.12.2. Talent observes the stub under the SEM microscope. 
3. Whole Mount Immunofluorescence of the Mouse Node and Notochordal Plate
3.1. After removing the embryos at E7.75, place them in PBSTween (pronounce “P-B-S Tween”) in a Petri dish on ice [1-CU-TXT]. Under the chemical hood, transfer the embryos to a microcentrifuge tube containing fixative solution [2-MED-over the shoulder-TXT].
3.1.1. Talent places the embryos in a Petri dish on ice. 
3.1.2. Use 2.6.1. TEXT: Fix overnight at 4 °C Author note: Action was just filmed again. 


3.2. After this, remove the fixative from the tube, taking care not to touch the embryos [1-MED-over the shoulder]. Then, wash the embryos 3 times in PBS containing 0.2% Triton X-100 for 5 minutes at room temperature on a nutating shaker [2-MED-over the shoulder]. 

3.2.1. Use 2.7.1. Author note: Action was just filmed again
3.2.2. Talent washes the embryos once in PBS with Triton X-100 on a nutating shaker. 
3.3. Remove the last wash from the embryos and add blocking solution containing PBSTr (pronounce “P-B-S Triton”) with 10% heat-inactivated serum [1-CU]. Block the embryos for at least 2 hours on a nutator at 4 degrees Celsius [2-MED].
3.3.1. Talent uses a pipette to remove the wash from the tube and adds blocking solution to the tube. 

3.3.2. Talent places the tube on a nutator. Videographer: Obtain multiple takes. This is repeated. 
3.4. Next, remove the blocking and add approximately 1 milliliter of primary antibody diluted in blocking solution [1-CU]. Incubate the embryos overnight on a nutator at 4 degrees Celsius [2-MED].
3.4.1. Talent removes the blocking and adds diluted primary antibody to the tube. 

3.4.2. Use 3.3.2.

3.5. Remove the primary antibody and save it for later use [1-CU-TXT]. Then, rinse the embryos with PBSTr twice [2-CU]… and wash them 3 times for 30 minutes on a nutator [3-CU].
3.5.1. Talent removes the primary antibody from the tube of embryos. TEXT: See text for details on reusing primary antibody
3.5.2. Talent rinses the embryos with PBSTr once. 

3.5.3. Use 3.3.2. Author note: Don’t use the cold room shot, but rather a room temperature wash shot, which should be part of 3.5.2.
3.6. Replace the wash with a diluted fluorescence-conjugated secondary antibody against the primary antibody host species, and incubate overnight on a nutator at 4 degrees Celsius [1-CU]. Then, remove the secondary antibody and rinse the embryos with PBSTr twice [2-CU]… before washing 3 times for 30 minutes with PBSTr [3-CU].

3.6.1. Talent removes the wash from the tube and adds secondary antibody. 

Added shot: Use 3.3.2.
3.6.2. Talent removes the secondary antibody from the tube and rinses the embryos with PBSTr once. 

3.6.3. Talent washes the embryos with PBSTr once. 
3.7. Replace the last wash with PBSTr containing diluted fluorescence-conjugated phalloidin (pronunciation “FA-loy-eden”) and diluted DAPI (pronounce as one word, rhymes with “happy”) and stain for 1 hour at room temperature [1-CU].
3.7.1. Talent removes the previous wash and replaces it with PBSTr containing the staining materials. 

3.8. Then, rinse the embryos twice in PBSTr [1-CU]… and wash them with PBSTr for 30 minutes at room temperature [2-CU].

3.8.1. Talent rinses the embryos once in PBSTr.

3.8.2. Talent washes the embryos with PBSTr. 

3.9. After this, replace the PBSTr with PBS and leave the embryos on ice [1-MED]. Then, prepare clean, positively charged slides, coverslips, and aqueous glycerol-based mounting media [2-MED].

3.9.1. Talent removes the PBSTr from the tube, replaces it with PBS, and places the tube on ice. 

3.9.2. Talent places slides, coverslips, and a container of mounting media on the lab bench in that order. 

3.10. Place 2 pieces of clear tape 15 millimeters apart from each other on the slide [1-CU]. Then, under the dissecting microscope, use a modified P200 pipette to move an embryo to the slide [2-SCOPE].

3.10.1. Talent places two pieces of clear tape on the slide. 

3.10.2. Talent uses a cut P200 pipette to move an embryo to the space between the pieces of tape on the slide. 

3.11. Using fine forceps, make two full cuts on the lateral sides of the yolk sac to unfold the embryo. Then, position the embryo with the ventral side up [1-SCOPE].

3.11.1. Talent makes two full cuts on the lateral sides of the yolk sac and unfolds the embryo. Then, the talent positions the embryo with the ventral side up. 

3.12. Add 50 microliters of mounting media to the embryo [1-MED-TXT]. Then, add a dab of mounting media to the coverslip, place it straddling the 2 pieces of tape, and lower it slowly onto the embryos using fine forceps [2-CU].

3.12.1. Talent adds mounting media to the embryo. TEXT: Place 4-5 embryos/slide

3.12.2. Talent adds mounting media to the coverslip and slowly positions the coverslip over the embryos on the slide. 

3.14. Cally Xiao: It is critical not to move the coverslip after positioning it over the embryos because it can distort the embryo and corresponding structures for 3D visualization [1-MED].  

3.14.1 Named author states the above, looking slightly off to the side. Interview style. 
3.13. Use an absorbent wipe to remove excess mounting media, taking care not to move the coverslip [1-CU]. Then, use a generous amount of nail polish to seal the sides of the coverslip [2-CU]. Finally, use a scanning confocal microscope to observe the embryos [3-SCOPE].
3.13.1. Talent uses a wipe to remove excess mounting media from the slide. 

3.13.2. Talent seals the sides of the slide with nail polish. 

3.13.3. Talent observes the embryos with the confocal microscope. 

3.14. Cally Xiao: It is critical not to move the coverslip after positioning it over the embryos because it can distort the embryo and corresponding structures for 3D visualization [1-MED].  
3.14.1. Named author states the above, looking slightly off to the side. Interview style. 
4. Results: Strip1 Mutant Embryos Display Irregular Nodes and Abnormal F-Actin Organization in the Axial Mesoderm
4.1. Using scanning electron microscopy, the formation of the node in wild types and Strip1 (pronounce as one word, then number: “Strip-one”) mutant mouse embryos at E7.75 was observed [1-LM]. Unlike the pit shaped node in the wild type, the mutant embryos displayed a flattened and irregular node and notochordal plate [2-LM]. 
4.1.1. Figure 1: Video editor: Show all of figure 1. 

4.1.2. Figure 1: Video editor: Show only the middle and right images from the top row of figure 1. 
4.2. Whole mount immunofluorescence was also used to study the node and notochordal plate formation defects in Strip1 mutant embryos at the cellular level. The data showed that they were abnormal and stunted  in the mutant embryos [1-LM].

4.2.1.  Figure 2: Video editor: Show figure 2. 
5. Conclusion (said by authors on camera)

5.1. Cally Xiao: The node and notochordal plates are only transiently present on the surface of the embryo. Snf timing is essential for the success of the SEM. 2-4 somite embryos are good for SEM analysis of a mature node with long cilia [1-MED].
5.1.1.  Named author states the above, looking slightly off to the side. Interview style.
5.2. Cally Xiao: The purity of the reagents is also essential for the success of these techniques, especially in probing the ultrastructure by SEM. Tiny impurities that stick to the embryos usually result in huge artifacts [1-MED].
5.2.1. Named author states the above, looking slightly off to the side. Interview style.
5.3. Cally Xiao: We believe that using these two techniques gives complementary information on the structure of the node and the notochordal plate during normal development and in mutants, which show defects in the formation of these structures [1-MED].
5.3.1. Named author states the above, looking slightly off to the side. Interview style.    

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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