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

Can you record movies/images using your own microscope camera? (Y/N)_________  

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: _____________________________________________

B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
2.1.2, 4.6.4, 5.5.1 and 6.2
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.)  4.1.2 and 4.2.1
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

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 experiment is to determine protease specificity in multiple crude extracts. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hiroyuki Yamamoto: This method can help answer key questions to determine protease specificity [1-MED]. 
1.1.1. Hiroyuki speaks towards the camera, interview style. (Videographer Comment: 1.1.1 and 1.2.1 were shot together in one take)
1.2. Hiroyuki Yamamoto: The main advantage of this technique is that it can identify protease specificity of multiple samples in parallel [1-MED].   
1.2.1. Hiroyuki speaks towards the camera, interview style.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by Animal Experimentation Ethics Committee of Nihon Pharmaceutical University [1-Title Card].
1.3.1. Title Card
Protocol: (read by voice talent at JoVE)
2. Preparation of Tissue Extracts

2.1. Cool lung tissue samples obtained from male ICR mice on ice [1-MED-TXT].  Homogenize the samples at 20,000 rpm for 30 seconds in a blender [2-MED-over the shoulder].  
2.1.1. Talent places the lung tissue samples on ice.  TEXT Overlay: See text for collection of lung
2.1.2. Talent homogenizes the samples in a blender.  Continue action in next shot. (Videographer Comment: Included measuring the weight of the lungs to be around 100 mg) (Editor: I’m not sure how this was included, or if it’s in the same shot or an added shot. The VO doesn’t make it seem like this action is necessary to see in the video.)
2.2. Repeat this step until the samples are completely homogeneous.  Do not homogenize for more than 1 minute continuously, in order to avoid an increase in temperature [1-CU]. 
2.2.1. Blender as talent homogenizes the samples.
2.2.1A. [Added Shot]: Wider shot to see whole process (Videographer Comment: Take 2 is best) (Editor: Use either 2.2.1 or 2.2.1A here, depending on what looks best)
2.3. Transfer 1,000 microliters of the homogenate to a 1.5-milliliter tube and centrifuge for 5 minutes at 10,000 x g at 4 degrees Celsius [1-MED-over the shoulder].
2.3.1. Talent places the 1.5 mL tube with the homogenate into the centrifuge, shuts the lid and starts run.
2.4. Transfer 500 microliters of the supernatant to a new 1.5-milliliter plastic tube [1-CU].  Use 10 microliters of the sample to determine the protein concentration, using methods such as the Bicinchoninic Acid Assay or the Bradford Assay [2-MED].
2.4.1. New 1.5 mL plastic tube as talent transfers 500 microliters of the supernatant there.
2.4.2. Talent works to determine the protein concentration.
2.4.3. [Added Shot]: to show the samples changing color, shot about 30 minutes later. (Editor: This can be cut in after 2.4.2 when the assays are mentioned if there is time. However, it is not necessary and can be omitted if including it is not convenient.)
2.5. To prevent freezing, add 80% glycerol to the samples for a final concentration of 50% glycerol [1-CU].
2.5.1. Samples as talent adds 80% glycerol to the samples.
3. Digestion of Substrates in Model Protease and Tissue Extracts
3.1. To clarify the difference in protease specificity depending on the pH, use digestion buffers adjusted to pH 3, 5, 7, and 9 [1-MED-TXT]. 
3.1.1. Talent adds a buffer solution adjusted to optimal pH to the reaction tube.  Use labeled containers.  TEXT Overlay: See text for digestion buffer (Videographer Comment: mis-slated this shot)
3.2. Into 890 microliters of a digestion buffer, add either 10 microliters of 0.1 microgram per microliter of TPCK-trypsin, 0.1 microgram per microliter of Staphylococcus (pronounced as “staf-uh-luh-kok-uh s”) aureus V8 protease, or 10 micrograms per microliter of tissue extracts [1-CU-TXT].   
3.2.1. Reaction tube with 890 microliters of digestion buffer as talent adds the sample there.  TEXT Overlay (as narrated): TPCK = N-tosyl-L-phenylalanine chloromethyl ketone
3.3. Prepare negative controls by inactivating protease in tissue extracts by incubation in boiling water for 10 minutes [1-MED].
3.3.1. Talent places the tissue extracts in boiling water.  
3.4. Next, add 10 microliters of iminobiotin (pronounced as “im-uh-noh bahy-uh-tin”)-labeled substrates to the samples… [1-CU-TXT], and incubate for 3 hours at 37 degrees Celsius to digest [2-MED-over the shoulder].
3.4.1. Iminobiotin-labeled substrates as talent adds 10-microliters to the samples.  Use labeled containers.  TEXT Overlay: See text for preparation of iminobiotin-labeled substrates 
3.4.2. Talent leaves the samples to incubate at 37 degrees Celsius.
3.5. After incubation, stop the digestion of substrates with boiling water for 10 minutes [1-CU].  Centrifuge the digested substrates for 5 minutes at 10,000 x g at 4 degrees Celsius [2-MED].  Transfer the supernatant into a new 1.5-milliliter tube [3-CU].
3.5.1. Samples as talent immerges them in boiling water.
3.5.2. Talent places the digested substrates into the centrifuge, shuts the lid and turns on.
3.5.3. 1.5 mL tube as talent transfers the supernatant there.
4. Purification of the Iminobiotin-Labeled Substrate
4.1. Add 50 microliters of 50% streptavidin sepharose beads in 1 Molar Tris-buffer containing 0.1% poly(oxyethylene) octylphenyl (pronounced as “pol-ee ok-si eth-uh-leen ok-tyl fen-l”) ether [1-MED].  Use pH test paper to ensure that the solution is around pH 9 [2-CU].
4.1.1. Talent adds 50 microliters of 50% streptavidin sepharose beads in 1 Molar Tris-buffer containing 0.1% poly(oxyethylene) octylphenyl ether.  Use labeled containers.  
4.1.1A. [Added Shot]: mixing tube of streptavidin sepharose beads. (Editor: This can be used in place of 4.1.1 if it looks better)
4.1.2. Solution as talent tests the pH with pH paper and the pH paper (show a low pH to be consistent with adjusting the pH in 4.3.1)  (Videographer Comment: Last take best.)
4.2. Hiroyuki Yamamoto:  It is important to adjust the buffer pH to 9 or more.  Iminobiotin cannot bind avidin unless it is pH 9 or higher [1-MED].
4.2.1. Hiroyuki speaks towards the camera, interview style. 
4.3. If the pH of the solution is low, adjust it to approximately pH 9 by adding more buffer. Additional 1 Molar Tris-buffer can be added to bring up the pH if needed [1-MED].
4.3.1. Talent adds more 1 Molar Tris-buffer containing 0.1% poly(oxyethylene) octylphenyl ether to the sample to bring up the pH. (Editor: I’m unsure if an additional shot was filmed for this additional narration. I’ve rearranged the VO as if there is no additional shot)

(Videographer Comment: Shot the below in reverse order.) (Editor: Neither the videographer or the author made it clear exactly what was being shifted here, or what exactly was being shot in reverse order. I know this is unclear, but the footage will have to be checked to see what’s being reversed)
4.4. Incubate the suspension overnight at 4 degrees Celsius with continuous gentle mixing on a rotator wheel to bind the iminobiotin-labeled substrates to the streptavidin [1-MED-over the shoulder].  The beads should remain suspended throughout the incubation [2-CU].
4.4.1. Talent places the samples onto the rotator wheel at 4 degrees Celsius and starts rotation.
4.4.2. Sample tubes as they rotate on the rotator wheel.  
4.5. The following day, centrifuge the samples for 1 minute at 10,000 x g at 4 degrees Celsius [1-MED].  
4.5.1. Talent places the samples into the centrifuge, shuts lid and starts run.
4.6. After removing the supernatant, wash the beads by adding 1,000 microliters of a wash buffer [1-CU-TXT].  Then, incubate for 10 minutes at 4 degrees Celsius with continuous gentle mixing on a rotator [2-MED-TXT].  
4.6.0 
[Added Shot]: Remove supernatant (Editor: This shot is not necessary. However, if there is time, it could be used during the VO “After removing the supernatant…”)
4.6.1. Sample tubes as talent adds 1,000 microliters of a wash buffer to the beads.  TEXT Overlay: Wash buffer = 50 mM Tris-buffer, pH 9
4.6.2. Talent places the beads onto the rotator and starts them rotating.  TEXT Overlay: Keep beads suspended throughout the incubation (Videographer Comment: SAME SHOT AS 4.4.2)
4.7. Centrifuge the beads for 1 minute at 10,000 x g at 4 degrees Celsius [1-MED-over the shoulder].  Remove the supernatant and repeat this wash 4 times [2-CU].
4.7.1. Talent places the beads into the centrifuge, shuts the lid and starts the run. (Videographer Comment: SAME SHOT AS 4.7.1)
4.7.2. Beads as talent removes the supernatant.
4.8. Next, add 100 microliters of 0.2% trifluoroacetic acid to the beads [1-MED].  Use pH test paper to ensure that the solution is below pH 2 [2-CU].  If the pH of the solution is high, adjust the pH to below 2 by adding 1% trifluoroacetic acid [3-MED-over the shoulder].
4.8.1. Talent adds 100 microliters of 0.2% trifluoroacetic acid to the beads.
4.8.2. Talent tests the pH and the pH shows a pH above 2 to be consistent with adjusting it in the next step.
4.8.3. Talent adjusts the pH by adding 1% trifluoroacetic acid.  Use labeled containers.
4.8.4. [Added Shot]: Second try with success (Editor: This could be used in place of 4.8.3 if it looks better)
4.9. Incubate the suspension for 30 minutes at room temperature with continuous gentle mixing on a rotator wheel [1-CU].  After centrifuging the beads as before, transfer the supernatant to a new 1.5-milliliter tube [2-MED-over the shoulder].
4.9.1. Suspension of beads as it rotates on a rotator wheel.
4.9.2. Talent transfers the supernatant to a new 1.5 mL tube.
5. Sample Preparation and Matrix-Assisted Laser Desorption/Ionization Time-of-Flight Mass Spectrometry (MALDI-TOF Mass Spectrometry)
5.1. Pipette 20 microliters of acetonitrile onto a C18 resin to activate it [1-MED-over the shoulder].  Remove the used acetonitrile and repeat this activation step, three times [2-CU].  
5.1.1. Talent pipettes 500 20 microliters of acetonitrile onto a C18 resin.
5.1.2. C18 resin as talent removes the used acetonitrile.
5.2. Then, equilibrate the C18 resin with 20 microliters of 0.1% trifluoroacetic acid [1-MED].  Remove the eluent and repeat this equilibration step, three times [2-MED-over the shoulder].
5.2.1. Talent pipettes 500 20 microliters of 0.1% trifluoroacetic acid onto the resin.
5.2.2. Talent removes the eluent and prepares to add more 0.1% trifluoroacetic acid.
5.3. To load the samples, bind them to the resin using a pipette [1-CU].  Wash the resin with 20 microliters of 0.1% trifluoroacetic acid.  Repeat this step five times [2-MED].
5.3.1. Resin as talent binds the samples there with a pipette. (Videographer Comment: Use second try)
5.3.2. Talent adds 20 microliters of 0.1% trifluoroacetic acid to the resin. Use labeled containers.
5.4. Elute the samples with 3 microliters of 60% acetonitrile in 0.1% trifluoroacetic acid [1-CU].  Pipette the eluent on a target plate for MALDI-TOF mass spectrometry [2-MED-over the shoulder].  Immediately add CHCA solution saturated in 50% acetonitrile, in 0.1% trifluoroacetic acid [3-CU-TXT]. 
5.4.1. Resin as talent elutes the samples with 3 microliters of 60% acetonitrile in 0.1% trifluoroacetic acid.
5.4.2. Talent pipettes the eluent on a target plate.
5.4.3. Plate as talent adds saturated CHCA solution in 50% acetonitrile in 0.1% trifluoroacetic acid, to the eluent.  TEXT Overlay: CHCA = α-cyano-4-hydroxycinnamic acid (Videographer Comment: Take 2)
5.5. Crystallize the mixture by air-drying [1-CU].  Acquire mass spectra of samples according to the instrument manufacturer’s protocol, paying close attention to the mass spectra from 700 to 900 Daltons for the cleaved form of the biotin-labeled substrates [2-WIDE-TXT]. 
5.5.1. Crystallized mixture as talent displays to the camera.
5.5.2. Talent works on the mass spectrometer to acquire the mass spectra of the samples.  TEXT Overlay: See text for identification of the detected peaks
6. Results: Identification of Protease Specificity 
6.1. Mass spectra of synthetic substrates are shown here [1-LM].  Peaks corresponding to the precursor molecular weight were detected between 850 and 1,050 [2-LM-TXT]. The cleaved fragments are detected in the range of 700 to 850 [3-LM].
6.1.1. 57469_Yamamoto_Figure1.tif 
6.1.2. 57469_Yamamoto_Figure1.tif.  TEXT Overlay: See Table 1 in text. – Editors, please highlight the bar across the top right of the spectrum labeled as “Precursor.” 
6.1.3. 57469_Yamamoto_Figure1.tif – Editors, please highlight the portion of the spectrum between 700 and 850 on the x-axis. 
6.2. Shown here are the spectra for iminobiotin-labeled substrates treated with TPCK-trypsin [1-LM].  The 839.81 Dalton and 796.76 Dalton peaks correspond to the fragments cleaved from the C-terminus of lysine and arginine, respectively [2-LM].
6.2.1. 57469_Yamamoto_Figure2.tif 
6.2.2. 57469_Yamamoto_Figure2.tif – Editors, please highlight the peak labeled “K” and “R” as well as the labels themselves.  Also highlight the “K” and “R” rows in the adjacent table.
6.3. Shown here are the mass spectra of synthetic substrates digested with V8 protease [1-LM]. The 769.78 Dalton and 755.62 Dalton peaks correspond to the fragments cleaved from the C-terminus of glutamic acid and aspartic acid, respectively [2-LM].
6.3.1. 57469_Yamamoto_Figure3.tif
6.3.2. 57469_Yamamoto_Figure3.tif – Editors, please highlight the peak labeled “D” and “E” as well as the labels themselves.  Also highlight the “D” and “E” rows in the adjacent table.
6.4. The spectra for iminobiotin-labeled substrates treated with a lung tissue extract at various pH conditions are shown here [1-LM].
6.4.1. 57469_Yamamoto_Figure5.tif 
6.5. In the acidic condition at pH 5, the molecular weight of a cleaved fragment was 770.13 Daltons and 826.66 Daltons, indicating cleavage at the C-terminus of glutamic acid and tryptophan [1-LM].
6.5.1. 57469_Yamamoto_Figure4.tif – Editors, please zoom into the top left panel in the previous figure, labeled pH5, to transition to this figure.  Then highlight the peak labeled “E” and “W” as well as the labels themselves.  
6.6. In the neutral and basic condition at pH 7 and 9 [1-LM], the molecular weight of a cleaved fragment was increased at the peak of 767 Daltons and 840 Daltons, indicating cleaved at the C-terminus of arginine and lysine [2-LM].  Conversely, the peaks of the glutamic acid and tryptophan were decreased [3-LM].  
6.6.1. 57469_Yamamoto_Figure5.tif – Editors, please zoom out of the top left panel in figure 5 to transition from the previous figure. 
6.6.2. 57469_Yamamoto_Figure5.tif – Editors, please highlight the peaks labeled “R” and “K” in the top right panel (pH7) and the bottom left panel (pH9), as well as the labels themselves 
6.6.3. 57469_Yamamoto_Figure5.tif – Editors, please highlight the peaks labeled “E” and “W” in the top right panel (pH7), as well as the labels themselves
6.7. In addition, this method cannot detect cleaved fragments with inactivated extracts [1-LM].
6.7.1. 57469_Yamamoto_Figure5.tif – Editors, please zoom into the bottom right panel.
7. Conclusion (said by authors on camera)
7.1. Hiroyuki Yamamoto: Once mastered, this technique can be done in 2 days if it is performed properly except for the synthesis of substrate.  Additionally once the substrate is synthesized, it can be measured in several samples [1-MED].
7.1.1. Hiroyuki speaks towards the camera, interview style. (Videographer Comment: Take 4)
7.2. Hiroyuki Yamamoto: While attempting this procedure, it’s important to remember to operate at a buffer pH above 9 during the reaction of the avidin-iminobiotin complex [1-MED].
7.2.1. Hiroyuki speaks towards the camera, interview style. (Videographer Comment: Maybe take 4 the best)
7.3. Hiroyuki Yamamoto: Following this procedure, it is possible to quantify enzyme activity by performing LC-MS [1-MED].
7.3.1. Hiroyuki speaks towards the camera, interview style. (Videographer Comment: Take 2)
7.4. Hiroyuki Yamamoto: This method will allow researchers in the proteome field to pave the way for exploring protease expression in several conditions [1-MED].
7.4.1.    Hiroyuki speaks towards the camera, interview style. (Videographer Comment: Third from Last.)
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.  

57469_Yamamoto_Figure1.tif – The spectra of synthetic iminobiotin-labeled substrates.
57469_Yamamoto_Figure2.tif – TPCK-trypsin
57469_Yamamoto_Figure3.tif – V8 protease
57469_Yamamoto_Figure4.tif – pH5
57469_Yamamoto_Figure5.tif – pH5-8 and inactivated extract
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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