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A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N____
B. Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N___ 
C. Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps Steps 2.1, 2.5, 2.9, 3.1 and 3.4
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  Properly resuspending the pellets generated at each steps (steps 2.4 to 2.13)
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 characterize the composition of extracellular matrices from tissues by mass spectrometry. (Intro)
This is accomplished by first disrupting the selected tissue until it is completely homogenized. (P1 Use Schematic overview_Naba.pptx: Start with the image of the lungs and have a portion of it cut out and moved into the inside of an image of a test tube (Resource ID#272 but empty). Have a homogenizer (Resource ID#304) vibrate the lung tissue sample then disappear leaving the tube filled with an even color (Resource ID#272).
The second step involves decellularizing the tissue to enrich for extracellular matrix proteins while concomitantly depleting any intracellular components. (P2 Use Schematic overview_Naba.pptx: Start with the ECM. Have the green and blue cell images in the ECM image disappear in turn as “decellularizing the tissue” is mentioned, leaving the top right hand image.)
Next, the ECM-enriched protein sample is denatured. (P3 Use Schematic overview_Naba.pptx: Have several of the twisted strands in the upper right hand image fly away from the image and then dissolve into single lines like the strands in the lower right hand image labeled “denatured proteins.”).
In the final step, the denatured ECM-enriched protein sample is deglycosylated and digested into peptides. (P4 Use Schematic overview_Naba.pptx: Have a pair of scissors labeled “Proteinase” cut up the long strands in the bottom right hand structure to make many smaller pieces like the strands labeled “Peptides” when “digested into peptides” is spoken)
Western blot analysis is used to monitor the quality of the decellularization and ECM protein enrichment. Ultimately, analysis by mass spectrometry of the peptides permits characterization of the composition of the ECM for that particular tissue. (P5 Use Figure 2A; Schematic overview_Naba.pptx: Have Figure 2A appear when “western blot analysis is used to monitor the quality of the decellularization” is said. Next, have the image labeled LC-MS/MS from the schematic overview file appear when “analysis by mass spectrometry” is said).
B.  Interview: (Said by you on camera. Don’t forget to smile!)
1.1. Alexandra Naba: Though this method can provide insight into the composition of the extracellular matrix of normal tissues, it can also be applied to other systems, such as tumors or other diseased tissues.

Protocol (read by voice talent at JoVE):
2. Decellularization of the Tissue
2.1. To begin, prepare all the buffers as indicated in text protocol Table 1, including the addition of protease inhibitors. Then, disrupt 100 mg of tissue in 500 l of Buffer C with a tissue homogenizer until a uniform suspension is obtained.
2.1.1. WIDE: Talent carries bottles containing buffers to the bench.
2.1.2. MED: Talent adds buffer C to tissue and then uses a tissue homogenizer. 

2.1.3. CU: showing contents of the tube being uniform in appearance.
Note to the Authors: Please have bottles and tubes labeled clearly in advance.
2.2. Transfer the homogenate to a tube rotator and incubate for 20 minutes at 4 °C. Pipette 10 to 20 l of the sample into a tube labeled as total tissue extract. Flash freeze the sample in liquid nitrogen and store it at -80 °C.
2.2.1. MED: Talent transfers the tube to a tube rotator and starts the rotation.
2.2.2. CU: Talents pipettes an aliquot into labeled tube.
2.2.3. CU: Talent places the tube in liquid nitrogen.
2.3. Next, centrifuge the homogenate at 16,000 times g for 20 min at 4 °C. Collect the supernatant in a clean tube, and label it as the cytosolic, or C, fraction. Flash freeze the C fraction, and store it at -80 °C.
2.3.1. MED/CU: Multiple usable takes of talent removing the tube from the centrifuge and placing it in a rack. Shot will be repeated later.
2.3.2. CU: Talent transfers the supernatant into a clean tube labeled C fraction.
2.3.3. MED: Multiple usable takes of talent removing a tube from liquid nitrogen and placing it in the freezer. Do not show tube labels. Shot will be repeated later.
2.4. Pipette to resuspend the pellet in 400 l of Buffer W, and then incubate on a tube rotator for 20 min at 4 °C. Next, centrifuge the sample and discard the supernatant.
2.4.1. CU: Talent adds buffer W and resuspends the pellet.
2.4.2. MED/CU: Talent places tube on a tube rotator and starts the rotation.
2.4.3. Use 2.3.1 (TEXT: 20 min, 4 °C, 16,000 x g)
2.4.4. CU: Talent discards the supernatant

2.5. To extract the nuclear proteins, first resuspend the pellet in 150 l of Buffer N and incubate on a tube rotator for 30 min at 4 °C. Next, centrifuge the sample, and collect the supernatant in a clean tube.
2.5.1. MED- over the shoulder: Talent adds Buffer N to the tube and uses a pipette to resuspend the pellet. (TEXT: Buffer N containing 200 g/ml DNase I, 20 g/ml RNase A)
2.5.2. MED/CU: Multiple usable takes of talent placing tube on a rotator and starting the rotation. Allow tube to continue rotating for a few seconds. Shot will be repeated later.
2.5.3. MED- over the shoulder: Talent removes the tube from the centrifuge. (TEXT: 30 min, 4 °C 16,000 x g) 
2.5.4. CU: Talent transfers supernatant into a clean tube labeled N fraction. 
2.6. Repeat the incubation in Buffer N. After centrifuging, combine the supernatants, and label them as the nuclear, or N, fraction. Flash freeze the N fraction for storage at -80 °C.
 we did not show a step resuspending the pellet in N buffer, you can reuse 2.5.1 for that
2.6.1. Use shot 2.5.1.
2.6.2. MED- over the shoulder: Talent removes the tube from the centrifuge.
2.6.3. CU: Talent pools the supernatants in labeled tube. Reuse 2.5.3
2.6.4. Use shot 2.3.3. Did a separate shot
2.7. Add 100 l of Buffer M and resuspend the pellet. Next, incubate the sample on a tube rotator for 30 min at 4°C before centrifuging it.
2.7.1. CU: Talent adds Buffer M to the tube and uses a pipette to resuspend the pellet.

2.7.2. Use shot 2.5.2 CU showing tube rotation. (TEXT: 30 min, 4 °C 16,000 x g)
2.8. Collect the supernatant in a clean tube, and label it as the membrane, or M, fraction. Flash freeze the M fraction and store it at -80 °C.
2.8.1. MED: Talent transfers the supernatant into a new tube labeled M fraction.
2.8.2. CU: Talent flash freezes tube in liquid nitrogen.
2.9. Resuspend the pellet in 200 l of Buffer CS by vigorously pipetting, and then incubate the sample on a tube rotator for 30 min at room temperature.
2.9.1. ECU: Focus on pellet, then talents adds Buffer CS and vigorously pipettes the pellet until it is resuspended.
2.9.2. MED: Talent places the tube onto a tube rotator.
2.10. Centrifuge the sample for 30 min at room temperature and collect the supernatant in a clean tube. The pellet should now be markedly smaller.
2.10.1. MED: Talent places the tube into a centrifuge. (TEXT: 16,000 x g)
2.10.2. CU: Talent transfers the supernatant into a new tube labeled CS fraction
2.10.3. ECU: Showing the smaller pellet in the tube. (Video Editor: FREEZE FRAME on pellet from 2.9.1 and label “Before” and show in splitscreen with 2.10.3 labeled “After”.)

2.11. Resuspend the pellet in 150 l of Buffer C. Transfer the sample to a tube rotator and incubate it for 20 min at 4 °C.
2.11.1. MED: Talent adds Buffer C to the tube and resuspends the pellet.

2.11.2. Use shot 2.5.2.
2.12. Centrifuge for 20 min at 4 °C and collect the supernatant. Next, combine the supernatant with the one from the CS Buffer, and label them as the cytoskeletal, or CS, fraction. Flash freeze the CS fraction, and store it at -80°C.
2.12.1. MED: Talent removes tube from the centrifuge and places it in a rack. (TEXT: 16,000 x g)
2.12.2. MED: Talent pools the fractions in labeled CS fraction tube.
2.12.3. Use shot 2.3.3. Did a separate shot
2.13. To wash the pellet, resuspend it in 500 l of PBS and then incubate on a tube rotator for 5 min at 4 °C. Centrifuge the tube and discard the supernatant. Wash a total of 3 times to obtain the ECM-enriched pellet.  Store a small fraction of the ECM fraction for western blot QC analysis of the experiment. Flash freeze the fractions in liquid nitrogen and store at -80C.
2.13.1. MED: Talent resuspends the pellet in PBS. 

2.13.2. Use shot 2.5.2.
2.13.3. Use shot 2.3.1, MED version. (TEXT: 5 min, 4 °C, 16,000 x g)

2.13.4. ECU: focus on pellet in tube. (TEXT: ECM: Extracellular matrix)
2.13.5. Added a shot with a tube labeled "ECM fraction" being placed in the same box as the other fractions collected for QC
2.13.6. added a last shot  in which we showed all the fractions after being flash frozen in liquid nitrogen placed in a box and then stored at -80C
3. Digestion of the ECM Proteins into Peptides
3.1. To begin digestion, first resuspend the ECM-enriched pellet in 8 M urea, and add a solution of dithiothreitol in water to make a final concentration of 10 mM. Transfer the tube to an incubator and shake it at 1400 rpm for 2 hours at 37° C.
3.1.1. CU: Talent adds urea solution and resuspends pellet. (TEXT: See Table 3 for solutions and volumes)
3.1.2. CU: Talent adds a solution of dithiothreitol to the tube. 
3.1.3. MED- over the shoulder: Talent places tube in an incubator.
3.2. Next, cool the sample to room temperature, and add a solution of reconstituted iodoacetamide in water to a final concentration of 25 mM. Incubate the mixture in the dark for 30 min at room temperature.
3.2.1. MED: Talent removes tube from the incubator to a rack.

3.2.2. CU: Talent adds a solution of iodoacetamide to the tube.
3.2.3. MED: Talent places the tube in an incubator shielded from light.
3.3. Dilute to a 2 M urea concentration with 100 mM ammonium bicarbonate, and then add PNGaseF. Transfer the sample to an incubator, and shake it at 1400 rpm for 2 hours at 37°C.

3.3.1. CU: Talent adds a solution of ammonium bicarbonate. 
3.3.2. CU: Talent adds PNGaseF to the tube.

3.3.3. MED: Talent transfers tube to an incubator (TEXT: PNGaseF: Peptide -N-Glycosidase F, 1000 U)
3.4. Add endoproteinase LysC (Pronounced: lie-ss-C) to the mixture, and shake at 1400 rpm for 2 hours at 37 °C. Next, add trypsin…, and shake at 1400 rpm overnight at 37 °C. The cloudy solution should become clear after the overnight digest.

3.4.1. MED: Talent adds LysC and places on a shaker
3.4.2. ECU: focus on cloudy solution before trypsin addition, then talent adds trypsin to the tube 

3.4.3. MED: Talent removes the tube from the shaker
3.4.4. ECU: focus on clear solution after digest. (Video Editor: FREEZE FRAME on cloudy solution from 3.4.2 and label “Before” and show in splitscreen with 3.4.4 labeled “After”.)
3.5. Add a second aliquot of trypsin, and shake for an additional 2 hours.
3.5.1. CU: Talent adds trypsin to the tube. 
3.5.2. MED- over the shoulder: Talent places tube on a shaker.
3.6. To inactivate the trypsin, pipette 50% trifluoroacetic acid into the mixture in 1 l increments until the pH is less than 2. Monitor the pH by spotting 1 l of the peptide solution on pH paper.

3.6.1. MED: Talent pipettes trifluoroacetic acid into the tube. 
3.6.2. CU: Talent spots the mixture onto a piece of pH paper and observes the color. (TEXT: repeat until pH<2)
3.7. Centrifuge the solution for 5 min at room temperature. Finally, collect the supernatant in a clean low-retention tube. Store the ECM peptide solution at -20 °C.
3.7.1. MED: Talent places the tube in a centrifuge. (TEXT: 16,000 x g)
3.7.2. CU: Talent transfers the supernatant into a low-retention tube. 
3.7.3. MED- over the shoulder: Talent places the tube in the freezer.
4. Results: Analysis of the Decellularization Process by Western blot.
4.1. The Western blots from the decellularization of murine lung tissue show extraction of intracellular components, such as integrin b1, actin, GAPDH and histones, in the intermediate fractions. 
4.1.1. LABMEDIA: Figure 2 panel A (Video Editor: Draw a box around the in the middle four lanes in the bottom four panels when “intracellular components integrin b1, actin, GAPDH and histones” is said.) 

4.2. These components are almost completely absent from the ECM fraction, although some minor histone contamination remains.
4.2.1. LABMEDIA: Figure 2 panel A (Video Editor: Draw a box around the last lane in the bottom four panels middle ECM fraction lane when “almost completely absent from the ECM fraction” is said, and then add a star or asterisk when “some minor histone” is said as indicated in the original figure.)

4.3. In contrast, collagen I is highly enriched in the ECM fraction but is not detected in the other fractions, suggesting that no collagen is lost during the intermediate steps of the extraction.
4.3.1. LABMEDIA: Figure 2 panel A (Video Editor: Highlight the ECM fraction lane (the last lane) in the top panel when “is highly enriched in the ECM fraction” is said and then highlight the middle four lanes when “not detected in the other fractions” is said.)

4.4. Similar results were obtained with a human mammary carcinoma xenograft. Collagen I was significantly enriched in the ECM fraction, with only a small loss to the CS fraction. Some residual actin contamination remained in the ECM fraction.
4.4.1. LABMEDIA: Figure 2B (Video Editor: Transfer the lane labels above the top panel in Figure 2A to the same location about the panels in 2B. Highlight the top panel, last lane when “collagen I was significantly enriched” is said. Highlight the second spot in the top row when “small loss to the CS fraction” is said as indicated by the asterisks in the original figure. Then highlight the far right lane in the second from bottom panel as indicated by asterisks in the original figure when “residual actin contamination” is said.)

5. Conclusion (said by authors on camera)
5.1. Alexandra Naba: After its development, this technique paved the way for biologists and clinicians to explore the complexity of the extracellular matrix of normal and diseased tissues.

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, 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.

4.1 – Figure 2, panel A – western blot of proteins samples collected during the decellularization of normal murine lung.

4.2 – Figure 2, panel B – western blot of proteins samples collected during the decellularization of human mammary tumor xenograft.

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.
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