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Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  _____N_____

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? _________

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__spotting (2.3; 2.5); ms data acquisition (5.1-5.2,5.3) data binning (5.5) msms interpretation (5.11) data plotting (6.1,6.2).

D.  What is the single most difficult aspect of this procedure?  

Data analysis

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:

This presentation demonstrates workflows for the stable isotope labeling of protein digests and synthetic peptides employing 18O-enriched water (Intro). First, in the protease-catalyzed PALeO-TimeCourse experiment, incubate substrate and protease in the presence of 18O-enriched water to incorporate 18O-atoms (LAB MEDIA: Figure 2A, panel I). Then, for proteases capable of double-labeling, repeat incubation of  the postdigestion cleavage products with protease-of-interest in the presence of 18O-enriched water (LAB MEDIA: Figure 2A, panel II). By contrast, the ALeO workflow performs  the acid-catalyzed incorporation of 18O-atoms into functional groups.(LAB MEDIA: Figure 2A, panel III).  At timed intervals, spot aliquots of the reaction mixtures with matrix on MALDI-target plates (LAB MEDIA: Figure 2B, upper panel). Upon mass spectrometric data acquisition, generate spectral time plots of the peptide cleavage reactions as well as 18O-incorporation plots of individual peptide species (LAB MEDIA: Figure 2B, middle panel – left, middle and right images). Proceed to select cleavage products for MS/MS-based sequence identification (MEDIA: Figure 2B, lower panel). Ultimately, these workflows offer versatile tools for quantitative and qualitative proteomics studies (LAB MEDIA: Figure 3).
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Markus Hardt : This method can help answer key questions in the protease resarch field, such as identifying rate-limiting steps and reaction intermediates in complex proteolytic pathways.  Proteolytic signatures identified by the PALeO-TimeCourse provide important facts regarding substrate specificity.  In addition, the time-resolved data also yields kinetic information.

1.2) Markus Hardt : Diana Klingler, a postdoc from my laboratory, will now demonstrate the procedure.  

1.1.1. Interview style: Author saying the above 

1.1.2. The named postdoc looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE)

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. PALeO-TimeCourse workflow
2.1. The PALeO-TimeCourse workflow monitors dynamics of proteolytic cleavage reactions based on protease-catalyzed 18O incorporation. 

2.1.1. LAB MEDIA: Figure 1I (Protease-catalyzed labelling...)

2.2. For the 20µl reaction, add the sample peptides to protease reaction buffer containing 18O-enriched water [Text over video: 1:1 final H218O]. 

2.2.1. MED/CU: Talent adds add the sample peptides to protease reaction buffer (try to get a shot of label on peptide tube)

2.2.2. Use 3.3.1.b

2.3. Mix 0.5 µl of the reaction mixture with 0.5 µl of matrix [Text over video: 10 mg/ml alpha cyano-4-hydroxycinnamic acid in 50% acetonitrile, 0.1% TFA]. Spot on an Opti-TOF 384 MALDI target plate and leave the solvent droplets at room temperature until dry [Text over video: ~ 5 min).

2.3.1. CU/ECU: Talent mixes 0.5 µl of the reaction mixture with 0.5 µl matrix 

2.3.2. ECU: Talent spots sample on an Opti-TOF 384 MALDI target plate

2.3.3. MED: Talent sets plate aside to air dry.

2.4. Meanwhile, split the reaction solution into two tubes: control and sample. For the sample tube, add protease of interest [Text over video: e.g. 75 nM ECE-1] and incubate at the recommended enzyme reaction temperature. 

2.4.1. MED/CU: Talent splits the reaction solution into two tubes.

2.4.2. CU/ECU: Talent add protease of interest to the sample tube

2.4.3. MED/CU: Talent places tube at incubation temperature. 

2.5. At specified time points, remove a 0.5 µl aliquot to mix with 0.5 µl of matrix and spot on the MALDI target plate. 

2.5.1. MED/CU: Talent transfers a 0.5 µl aliquot to mix with 0.5 µl matrix

2.5.2. ECU: Talent spots sample on MALDI target plate.

2.6. Proceed to analyze the reaction dynamics by MALDI-TOF/TOF MS/MS analysis as described later.

2.6.1. WIDE: Talent approaches MALDI-TOF/TOF MS/MS instrument. (multiple takes shots used later)

3. PALeO-TimeCourse: Postdigestion labeling of proteolytic termini

3.1. In this PALeO postdigestion labeling workflow, trypsin catalyzes the carboxyl oxygen exchange reaction to incorporate 18O.

3.1.1. LAB MEDIA: Figure 1 II (postdigestion labelling....)

3.2. After performing a Paleo-labeling reaction,  pass the cleavage products through a PepClean C-18 spin column to eliminate residual protease activities.

3.2.1. MED/CU: Talent passes the cleavage products through a PepClean C-18 spin column.

3.3. Then resuspend samples in 20 µl of trypsin reaction buffer containing 18O-enriched water [Text over video:  1:1 (v/v) final H218O, NH4HCO3 pH 8.0].

3.3.1. CU/ECU: Talent resuspends a sample in 20 µl trypsin reaction buffer (get label on tube indicatin buffer contains 18O-enriched water) 

3.3.1.b ECU: 18O water reagent.
3.4. Remove a 0.5 µl aliquot and mix with equal volume of matrix [Text over video: 10 mg/ml alpha cyano-4-hydroxycinnamic acid in 50% acetonitrile, 0.1% TFA]. Then spot on an Opti-TOF 384 MALDI target plate to air dry [Text over video: ~ 5 min).

3.4.1. ECU: Talent removes a 0.5 µl aliquot and mixes with equal volume of matrix 

3.4.2. ECU: Talent spots sample on an Opti-TOF 384 MALDI target plate.

3.5. Next, split the reaction solution into control and sample tubes.  For the sample tube, add trypsin [Text over video: e.g. 0.04 nM] and incubate at 37°C. 

3.5.1. CU: Talent splits the reaction solution into control and sample tubes. 

3.5.2. ECU: Talent adds trypsin to the sample tube.

3.5.3. MED/CU: Talent incubates samples at 37°C.

3.6. To monitor the reaction, remove a 0.5 µl aliquot, mix with 0.5 µl of matrix and spot on a MALDI target plate. 

3.6.1. ECU: Talent transfer a 0.5 µl aliquot to mix with 0.5 µl matrix and spots on MALDI target plate.

3.7. Analyze the dynamics of this carboxyl oxygen exchange reaction by MALDI-TOF/TOF MS/MS analysis [Text over video: described later].

3.7.1. Repeat 2.6.1.

4. ALeO-TimeCourse: Acid-catalyzed labeling of carboxyl groups 

4.1. ALeO-TimeCourse workflow relies on the acid-catalyzed carboxyl oxygen exchange reactions of acidic peptide side and terminal groups.

4.1.1. LAB MEDIA: Figure 1 III (AleO ...) 

4.2. First, incubate 50 nM of individual peptides with 1:1 18O-enriched water in the presence or absence of 0.1% (v/v) final trifluoroacetic acid  [Text over video: Total volume = 30 µl].

4.2.1. MED/CU: Talent sets up two reactions:  a peptide with 1:1 18O-enriched water in the presence or absence of 0.1% TFA (get labels on tubes)  

4.3. Sample 0.5µl aliquots of the reaction daily for 48 days. Directly co-spot with matrix onto a MALDI target plate. Regularly submit the MALDI target plate for MALDI-TOF/TOF MS/MS product analysis. 

4.3.1. MED/CU: Talent removes 0.5µl aliquot of a reaction and co-spots with matrix onto a MALDI target plate. 

4.3.2. MED/CU: Talent labels MALDI target plate for MALDI-TOF/TOF MS/MS product analysis.

5. MALDI-TOF/TOF MS/MS data acquisition and analysis

5.1. This section is detailed in the accompanying manuscript. First, acquire triplicate MS spectra in positive ion mode.

5.1.1. BROLL: Get instrument and Talent at computer setting parameters for data acquistion.

5.1.2. SCREEN: Talent loads MALDI plate at the instrument 

5.2. After calibrating the MALDI plate and setting up the MS acquisition, acquire single shots for sub-spectra. [Text over video:  400 total shots/spectrum] 

5.2.0.
SCREEN: Talent calibrates MALDI plate

5.2.05
SCREEN: Talent sets up MS acquisition

5.2.1. SCREEN: Talent acquires sub-spectra 

5.3. Next, export the MS data files from the 4000 Series Explorer data acquisition software. Then import into an in-house information system that utilizes MASCOT Distiller software for spectral processing and peak detection. 
5.3.1. SCREEN: Talent exports the MS data files from the 4000 Series Explorer data acquisition software. 
5.3.2. SCREEN: Talent imports file into an in-house information system that utilizes MASCOT Distiller software.
5.4. De-convolute the isotopic envelopes and determine 18O-incorporation ratios automatically [Text over video: Algorithm of Mason et al. 2007 adapted in Robinson et al. 2008]. Note the 18O-incorporation ratios as the relative contributions of individual peptide isotope species to the entire isotopic envelope. 

5.4.1. SCREEN: Talent de-convolutes the isotopic envelopes and determines the 18O-incorporation ratios.
5.4.2. SCREEN: Talent determines 18O-incorporation ratios automatically 

5.4.3. SCREEN: Talent indicates the 18O-incorporation ratios as the relative contributions of individual peptide isotope species to the entire isotopic envelope.

5.5. Filter the bin list, and bin at least three values at 100 ppm mass width. For each TimeCourse experiment, extract the molecular masses for all detected peptide species from the associated MS data files.

5.5.0.
SCREEN: Talent filters bin list and bins at least three values at a 100 ppm mass width. Talent extracts the molecular masses for all detected peptide species from the associated MS data files.
5.5.1. SCREEN: Talent extracts the molecular masses for all detected peptide species from the associated MS data files

5.5.2. SCREEN: Talent bins at least three values at a 100 ppm mass width. 

5.5.3. SCREEN: Talent filters the bin list.

5.6. Now using ExPASy FindPept, [Text over video: http://au.expasy.org/tools/findpept.html]  set a 200 ppm mass error acceptance tolerance. Compare the bin list to data of proteolytic cleavage products predicted from the substrate peptide sequence. 

5.6.1. SCREEN: In ExPASy FindPept, Talent sets a 200 ppm mass error acceptance tolerance.

5.6.2.  SCREEN: Talent compares the bin list to data of proteolytic cleavage products predicted from the substrate peptide sequence.

5.7. Proceed to acquire MS/MS spectra for all mass values of cleavage products predicted by the FindPept tool, and for bin values that have associated 18O-incorporations 

5.7.0.
SCREEN: Talent creates MS/MS inclusion list by extracting peptide [MH+} values from the bin according to the FindPept results.
5.7.1. SCREEN (Note to video-editor: half screen): Talent acquires MS/MS spectra for mass values of cleavage products predicted by the FindPept tool, and for bin values that have associated 18O-incorporations 

5.7.2. Text on half screen: 4800 MALDI TOF/TOF Analyzer, 1kV reflector positive ion mode, 4200 fixed laser intensity and CID-gas in off mode].  

5.8. Collect MS/MS data of 50 shots in a randomized pattern per sub-spectra, with up to 40 sub-spectra per spot [Text over video: total 2000 shots/spot), and export the MS/MS files.
5.8.1. SCREEN: Talent shows MS/MS data of 50 shots in a randomized pattern per sub-spectra, with up to 40 sub-spectra per spot 

5.8.2. Talent exports MS/MS files
5.9. Then export the MS/MS data files into the analysis system for peak detection and MS/MS peak lists associated with the corresponding binned MS data.
5.9.1. SCREEN: Talent exports the MS/MS data files into analysis system 
5.10. For peptide identification, set these search parameters in the MASCOT search engine: no enzyme specificity, 150 ppm precursor ion and 0.2 Da fragment ion mass tolerances. Search the MS/MS peak lists against the SwissProt database.

5.10.1. SCREEN: Talent sets search parameters in the MASCOT search engine (get order as indicated): no enzyme specificity, 150 ppm precursor ion and 0.2 Da fragment ion mass tolerances. 

5.10.2. SCREEN: Talent searches MS/MS peak lists against the SwissProt database.

5.11. Now, using the Data Explorer, manually validate peptide identifications by characteristic 18O-incorporation patterns across y-series fragment ions.

5.11.1. SCREEN: Talent opens Data Explorer, and manually validates peptide identifications by characteristic 18O-incorporation patterns across y-series fragment ions.

6. Preparation of spectral time and 18O-incorporation plots 
6.1. For  Spectral time plots, export the MS data files for each reaction time point from the Data Explorer software as ASCII-files using a macro. Then import the files into a data analysis and graphic software program and display as waterfall plots.
6.1.1. SCREEN: Talent  exports MS data files for each reaction time point from the Data Explorer software as ASCII-files using a macro. 
6.1.2. SCREEN: Talent imports files into a data analysis and graphic software program and displays as waterfall plots.
6.2. To create 18O-incorporation plots, for each binned peptide cleavage product, extract the relative contributions of individual peptide isotope species across all reaction time points. Then plot against time.

6.2.1. SCREEN: Talent extracts the relative contributions of individual peptide isotope species across all reaction time points of a binned peptide cleavage product and plots relative contributions of individual peptide isotope against time.
6.2.2. SCREEN: Talent plots relative contributions of individual peptide isotope against time.

7. Reaction mechanisms and dynamics
7.1. Spectral time plots, like this one, display the dynamics of proteolytic cleavage reactions. 

7.1.1. LAB MEDIA: Figure 3.

7.2. This experiment analyses cleavage of the bioactive peptide Endokinin C by Endothelin-converting enzyme-1.  

7.2.1. LAB MEDIA: Figure 3 show peptide bond cleavage reaction.

7.3. A waterfall arrangement plots the MS spectra of PALeO-TimeCourse experiments to simultaneously monitor the degradation of the substrate and the emergence of intermediate and final products.

7.3.1. LAB MEDIA: Figure 3 show plot (m/z, ion intesity,reaction  time) appearing back to front

7.4. The cleavage products are identified by MS/MS and the characteristic 18O-incorporation signatures of their isotope envelopes.

7.4.1. LAB MEDIA: Figure 3 (appear highlight in red on plot) and the KKAY sequences with associated spectra. .

7.5. This reaction mechanism of trypsin indicates the serine proteases mediate incorporation of up to two 18O-atoms into peptide cleavage products.  

7.5.1. LAB MEDIA: from Figure 4I. Show chemical reaction structures (peptide bond cleave and carboxyl oxygen exchange)

7.6. In the protease-based labeling workflow, the peptide bond cleavage reaction results in a 50% single 18O-incorporation ratio for freshly generated peptide cleavage products.
7.6.1. LAB MEDIA: from Figure 41 show both graphs, tracing curves of red dots.

7.7. Proteases, like trypsin,  that rebind their reaction products further catalyze the incorporation of a second 18O atom via the carboxyl oxygen exchange reaction.  At equilibrium, the 18O-label is distributed in a ratio of 1:2:1 in unlabeled, single-labeled and double-labeled products.

7.7.1. LAB MEDIA: from Figure 41 show both graphs, tracing curves of green dots.

7.7.2. LAB MEDIA: from Figure 41 show both graphs, box values at timepoints 120

7.8. In the postdigestion labeling of proteolytic termini workflow, no peptide bond cleavages occur. Instead, the incorporation of up to two 18O-atoms is exclusively based on the carboxyl oxygen exchange reaction.

7.8.1. LAB MEDIA: from Figure 4II. Show chemical reaction structures (carboxyl oxygen exchanges)

7.9. Therefore, 18O-incorporation only occurs with proteases that rebind their peptide cleavage products.

7.9.1. LAB MEDIA: from Figure 4II show both graphs, trace curves of red and green dots.

7.10. Acid-catalyzed 18O-labeling leads to the incorporation of two 18O-atoms per carboxyl group.

7.10.1. LAB MEDIA: from Figure 4III. Show chemical reaction (structures).

7.11. Over the course of this experiment, the multiple +2 Dalton mass shifts of the isotopic envelope of Angiotensin-1  can be mapped by the uptake of 18O-atoms.  

7.11.1. LAB MEDIA: from Figure 4III. Show data sets with corresponding two chemical structures.

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597
5. Conclusion (said by authors on camera

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
5.1. Markus Hardt: By combining stable isotope labeling and high-resolution mass spectrometry in a time-resolved manner, the PALeO-TimeCourse method allows for a dynamic analysis of the generation of peptide products.  The assay can be used to generate stable isotopically labeled peptides for quantitative and qualitative proteomics studies and to evaluate the kinetics by which proteotypic peptides are generated. The PALeO-TimeCourse is designed to evaluate proteolytic pathways under physiologically relevant conditions.  This technique paved the way for our recent survey of proteolytic processes in human cancer microenvironments. 
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 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.  
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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.
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