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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  

B.   Software Usage: Does your protocol include detailed 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.) 
Steps 3.8; 3.9; 4.3; 4.4 and 4.5

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.) 
Sectioning and embedding in paraffin. Steps 3.8; 3.9; 4.3; 4.4 and 4.5
E.  Will the filming need to take place in multiple locations? Filming will take place in two

laboratories of the same university, approximately 500 m away. 

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to detect (-galactosidase activity in early whole mouse embryos using X-gal staining and then to process the embryos for paraffin sectioning and counterstaining (Intro).
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Cristina Sánchez-Camacho: This method can help answer key questions in the Developmental Biology field, such as the study of gene expression patterns during embryonic development [1-INT]. 
1.1.1. Named Author speaks the above sentence to camera looking a little off-center, interview style. 

1.2. Cristina Sánchez-Camacho: The main advantages of this technique are that it is highly sensitive, easy and quick to perform, and allows direct visualization of the staining in the whole mount tissue or at higher resolution after paraffin sectioning of the sample [1-INT]. 
1.2.1. Named Author speaks the above sentence to camera looking a little off-center, interview style. 

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Cristina Sánchez-Camacho: Demonstrating the procedure will be Dr. María José Blanco, Dr. Anabel Learte, Dr. Emma Muñoz and Dr. Miguel Marchena, all of them are senior post docs from my laboratory.  

1.3.1. Interview style: Author saying the above 

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

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 Committee on the Ethics of Animal Experiments at the CNIC (Centro Nacional de Investigaciones Cardiovasculares) and the Comunidad Autónoma de Madrid.
2. Protocol: (read by voice talent at JoVE)
3. β-galactosidase Histochemistry of Whole Mount Mouse Embryos
3.1. Begin by incubating glutaraldehyde-fixed transgenic embryos expressing beta-galctosidase in freshly-prepared X-Gal rinse buffer for 10 minutes at room temperature [1-MED]. Use wild-type littermate embryos as negative controls for the enzymatic reaction [2-MED-over the shoulder]. 
3.1.1. Talent pipettes from a labeled bottle of X-Gal rinse buffer and dispenses it into a tube containing an embryo. Talent then closes the tube and repeats the procedure for the next tube. TEXT: See Table 1 and Table of Materials for buffer formulations. 
3.1.2. A WT embryo is immersed in x-gal buffer. [Shots 2.1.1. and 2.1.2 combined]
3.2. Next, replace the rinse buffer with X-Gal Staining Solution at pH 8 to 9 [1-CU], protect from light [2-MED] and incubate for 2 hours to overnight at 37 °C [3-MED-over the shoulder]. 
3.2.1. X-Gal Staining Solution is added to a tube containing an embryo. TEXT: Ensure that the pH remains between 8-9 to reduce background staining. 
3.2.2. Talent wraps the tube/vial in aluminum foil. 
3.2.3. Talent places a rack of covered tubes into the 37 °C incubator. 
3.3. Periodically monitor the color of the reaction using a dissecting microscope [1-MED-over the shoulder].  
3.3.1. Talent takes the tube with the embryo and checks the staining places an embryo in a dish under the dissection microscope, looks through the oculars and adjusts the focus.  
3.4. If the staining solution begins to turn light [1-MED-over the shoulder], replace with fresh substrate solution to extend the enzymatic reaction [2-MED].  
3.4.1. Talent holding up a fresh vial of staining solution and then holding up a faded vial next to it. 
3.4.2. Talent empties the faded vial and then pipettes from a labeled bottle of X-Gal Staining Solution and dispenses it into the vial. 
3.5. When sufficient blue staining is observed [1-SCOPE], stop the reaction by washing embryos with 1-milliliter of PBS twice for 10 minutes each at room temperature [2-MED/MED-over the shoulder].
3.5.1. An embryo with optimal staining is seen through the scope. 
3.5.2. BROLL of Talent adding PBS to embryos in microcentrifuge tubes and then aspirating the volume and replacing with fresh PBS. This footage will be reused twice for 2.6.1 and 2.8.1. Use footage of Talent adding PBS here. 
3.6. After the second wash [1-MED-over the shoulder], transfer the stained embryos to 1-milliliter of 4% paraformaldehyde [2-CU] and re-fix for 1 hour to overnight at 4 °C [3-MED-TXT].  
3.6.1. Use footage from 2.5.2. Talent aspirates and discards PBS from a tube. 
3.6.2. An embryo is placed in a tube of PFA. 

3.6.3. Talent places the rack of tubes containing embryos in PFA into the fridge/onto a shelf in the cold room. TEXT: The final fixation is crucial to preserve the staining pattern. 
3.7. Finally, wash the embryos in 1-milliliter of PBS twice for 10 min at room temperature [1-MED-over the shoulder-TXT]. 
3.7.1. Use 2.5.2 Talent washing embryos. TEXT: Store embryos at 4 °C or proceed immediately to paraffin embedding. 
4. Paraffin Embedding of X-gal Stained Embryos
4.1. Begin paraffin embedding by washing the x-gal stained embryos with 1-milliliter of PBS three times to eliminate excess of fixative [1-MED].  Then use plastic transfer pipettes [2-MED-over the shoulder] to transfer each embryo to a histology cassette [3-CU]. 
4.1.1. Talent (wearing something different to indicate that this is happening on another day) adds PBS to multiple tubes containing embryos. 
4.1.2. Talent removes one of the embryos from its tube with plastic transfer pipettes. 
4.1.3. The embryo is placed in the histology cassette. 
4.2. Dehydrate the embryos through a graded ethanol series at room temperature [1-MED]. 
4.2.1. Talent places the cassettes containing the embryos into a beaker of 70% ethanol then presses start on a countdown timer (next to beaker) set to 30 min. (TEXT: 70% ethanol, once for 30 min; 96% ethanol, twice for 30 min each; 100% ethanol, twice for 30 min each). 
4.3. Following dehydration, incubate the whole cassette in isopropanol for 30 minutes at room temperature [1-MED-over the shoulder].
4.3.1. Talent transfers a cassette from a labeled beaker of 100% ethanol to a labeled beaker of isopropanol.  
4.4. After the incubation, transfer the cassettes to a glass staining trough containing pre-warmed isopropanol [1-CU] and leave at 60 °C for 30 minutes [2-MED-over the shoulder].
4.4.1. Shot of the glass trough containing isopropanol in the oven as the cassettes are placed inside. 
4.4.2. Talent closes the door of the oven and walks away.  
4.5. Next, immerse the cassettes in a mixture of 50% isopropanol and 50% melted paraffin wax and incubate for 4 hours at 60 °C [1-CU].
4.5.1. The cassettes are slowly immersed in the dish of 50% isopropanol and 50% melted paraffin wax in the oven. 
4.6. Finally, incubate the cassettes with the embryos with two changes of molten paraffin wax for 30 minutes at 60 °C each time [1-MED-over-the shoulder]. 
4.6.1. Talent transfers the staining rack containing the cassettes from the dish of 50% isopropanol and paraffin wax to a dish containing molten paraffin wax. 
4.7. After the final paraffin wash [1-WIDE], open the cassette [2-CU], transfer each embryo to a separate tissue embedding mold [3-MED-over the shoulder] and view the sample under a stereomicroscope [4-SCOPE].
4.7.1. Talent removes the cassettes from the oven and brings them to a nearby surface.  
4.7.2. One of the cassettes is opened. 

4.7.3. Talent transfers an embryo from one embedding mold to another. [Shots 3.7.1. 3.7.2 and 3.7.3 combined]
4.7.4. View of the magnified sample. 
4.8. Fill the mold with molten paraffin wax at 60 °C [1-CU], and use heated forceps to carefully orientate the embryo in the mold [2-MED-over the shoulder]. The proper orientation of the sample is a critical step for sectioning the embryo in the desired plane [3-CU].
4.8.1. The well is filled with wax. 
4.8.2. Talent picks up forceps from the warmer and begins orienting the embryo. 
4.8.3. The position of the embryo is optimized using the forceps. 
4.9. Before the paraffin solidifies, place a cassette without a lid on the top of the block [1-MED] and fill it with molten paraffin wax [2-CU]. Let the wax cool until solidified overnight at room temperature [3-CU]. 
4.9.1. A cassette without a lid is placed on top of the embedding mold. 
4.9.2. The cassette is filled with molten paraffin wax. 
4.9.3. Same shot as 3.9.2. but showing solidified wax. Video Editor please fade from 3.9.2. to 3.9.3. 
4.10. Once the paraffin is completely solidified, remove the solid block from the mold [1-MED] and store the paraffin blocks either at room temperature or at 4 °C until sectioning [2-WIDE]. 
4.10.1. Talent (wearing something different to show that time has passed) removes a block from a cassette. 
4.10.2. Talent walks up to the paraffin block storage area and places the blocks in the storage area at room temp in the lab.
5. Paraffin Sectioning
5.1. Begin the sectioning procedure by cooling the paraffin block on ice [1-MED], then trim it to produce a cube or a pyramid [2-CU]. 
5.1.1. Talent at the sectioning set-up. Talent places a paraffin block onto ice. 
5.1.2. The block is trimmed until it reaches the optimal shape for cutting. 
5.2. Orient the blade and block for optimal cutting. Section the paraffin blocks into 5 to 7 micron thick slices at room temperature [1-MED-over the shoulder]. 
5.2.1. Talent finishes orienting the blade and then begins operating the microtome to section the block. 
5.3. While sectioning, use a fine paintbrush [1-CU] to place the sections in a water bath at room temperature [2-MED]. 
5.3.1. A section is removed from the block with a paintbrush. 
5.3.2. Shot of the room temperature water bath as the section is placed there. 
5.4. After sectioning, lift the sections from the water bath with a microscope slide [1-CU] and transfer them into a water bath at 42 °C for stretching [2-MED-over the shoulder]. 
5.4.1. Shot of the water bath as a slide enters the water and picks up section(s). 
5.4.2. Talent transfers the sections from the slides to the 42 °C water bath. 
5.5. Use a paintbrush to gently slide sections onto adhesion microscope slides [1-CU].
5.5.1. One or two sections are gently moved onto the slide with a paintbrush.  
5.6. Dry the slides well in an oven at 37 °C overnight [1-MED] to allow the sections to completely adhere, otherwise they may get lost during the staining [2-WIDE]. 
5.6.1. Shot of the interior of the incubator as the slides on a microscope-slide tray are placed in the oven. 
5.6.2. Talent closes the door of the oven and walks out of shot. 
6. Deparaffinization and Counterstaining 
6.1. To begin deparaffinization, transfer the slides [1-WIDE] to an oven set at 60 °C for at least 45 minutes to make the paraffin wax more fluid [1-WIDE] [5.1.2]. 
6.1.1. Talent (wearing something different to show that this happens on the next day) approaches the oven removes the slide tray from the 37 °C oven and transfers it to a 60 °C incubator close by
6.1.2. [Added shot]: Talent transfers it to a 60 °C incubator close by. 
6.2. Transfer the slides to a staining rack [1-CU] and use glass staining dishes to remove the paraffin and hydrate the tissues [2-MED-over the shoulder-TXT]. 
6.2.1. The last couple of slides are placed into the staining rack. 
6.2.2. Talent immerses the rack into the first of a series of staining dishes and then presses start on a countdown timer set to 5 minutes. TEXT: Isopropanol for 5 min at 60 °C; at room temperature: isopropanol for 3 min; 100% ethanol for 2 min; 96% ethanol for 1 min; 70% ethanol for 1 min. (Author Comment: The rest of the shots until the end are performed working in TC hood)
6.3. Rinse the sections in distilled water twice to remove residual alcohol [1-MED]. Then counterstain the sections for 5 minutes for between 3 to 8 minutes at room temperature [2-CU-TXT]. 
6.3.1. Talent dips the staining rack containing the slides into one dish of water and then moves it to a second staining dish containing water. 
6.3.2. Shot of the staining dish containing Fast Red as the slides in the rack are slowly immersed in the solution. TEXT: Nuclear-Fast Red solution is used here. 
6.4. After staining, wash the slides in distilled water for 1 minute [1-MED] and check the staining under the microscope [2-MED-over the shoulder-TXT]. 
6.4.1. Talent immerses the staining rack in a dish of clean water. Some of the red dye transfers to the water. 
6.4.2. Talent places a slide on the microscope stage, looks through the oculars and adjusts the focus. TEXT: If staining is weak repeat and increase duration of staining.  
6.5. After dehydrating the sections with increasing concentrations of ethanol, wash only briefly in xylene to avoid dissolving the blue color precipi​tate [1-MED-over the shoulder]. 
6.5.1. Talent (working in TC hood) removes the staining rack from the second to last staining dish (labeled 100% ethanol) and places it into a labeled container of xylene. TEXT: 2 x 2 min 95% ethanol, 2 x 2 min 100% ethanol. 
6.6. Remove the slides from the rack one by one [1-CU] and place them on a piece of paper [2-MED-over the shoulder]. Then mount and coverslip each slide using a synthetic, permanent mounting medium [3-MED].
6.6.1. Forceps remove a slide from the container of xylene. 
6.6.2. Talent places the slide on a piece of paper. 
6.6.3. Talent applies mounting medium to the slide and then adds a coverslip. 
7. Results: X-gal Staining of E9.5 WT and Mt4-mmpLacZ/+ Whole-Mount Embryos and Tissue Sections
7.1. E9.5 whole mount embryos from KO mice expressing beta-galactosidase under control of the Membrane type 4-matrix metalloproteinase were processed for the detection of beta-galactosidase expression [1-LM] along with heterozygote [2-LM] and wild-type littermates [3-LM]. Paraffin sections were obtained from these embryos at the level of the spinal cord [4-LM]. 
7.1.1. LAB MEDIA: 57785_Sanchez-Camacho_Figure3I. Show image. 
7.1.2. LAB MEDIA: 57785_Sanchez-Camacho_Figure3E, Show image. 
7.1.3. LAB MEDIA: 57785_Sanchez-Camacho_Figure3A. Video Editor please show the image without the dotted line. 
7.1.4. LAB MEDIA: 57785_Sanchez-Camacho_Figure3A. Video Editor please add the dotted line. 
7.2. As beta-galactosidase positive cells were absent in WT sections [1-LM], while the intensity of labeling was higher in the KO [2-LM] as compared with the HT tissue sections [3-LM]. 
7.2.1. LAB MEDIA: 57785_Sanchez-Camacho_Figure3B. Video editor please show the image without the labels of the structures since these are not mentioned in the narration. 
7.2.2. LAB MEDIA: 57785_Sanchez-Camacho_Figure3J. Video editor please show the image without the labels of the structures since these are not mentioned in the narration. 
7.2.3. LAB MEDIA: 57785_Sanchez-Camacho_Figure3F. Video editor please show the image without the labels of the structures since these are not mentioned in the narration. 
7.3. Cross sections through the neural tube in heterozygotes reveal beta-galactosidase activity in the perineural vascular plexus [1-LM], dorsal aorta [2-LM], and the developing somites [3-LM]. 
7.3.1. LAB MEDIA: 57785_Sanchez-Camacho_Figure3F, PNVP, perineural vascular plexus. Video Editor please show the image with the labels and arrows. 
LAB MEDIA: 57785_Sanchez-Camacho_Figure3G da, dorsal aorta. Video Editor, if possible, please show the ‘da’ label from from figure 3C in the equivalent position on this image. 
LAB MEDIA: 57785_Sanchez-Camacho_Figure3H. Show image. 
8. Conclusion (said by authors on camera)
8.1. Cristina Sánchez-Camacho: After watching this video, you should have a good understanding of how to detect (-galactosidase activity in early whole mouse embryos by using X-gal staining and then, to process the samples for paraffin sectioning and counterstaining.
8.2. Cristina Sánchez-Camacho: This technique is adapted to be used in whole mount mouse embryos from E8.5 to E12.5 embryonic stages, but it can also be applied to other species, tissue sections, organs or cultured cells.
8.3. Cristina Sánchez-Camacho: Once mastered, this technique can be done in 24 hours for the beta-galactosidase histochemical reaction and 48 hours for the paraffin embedding and sectioning protocol.
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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