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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)___N/A 
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.) 3.2, 3.10, 4.2, 5.2, 6.3
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.) 3.1, 3.8, 4.1 (both 3.8 and 4.1 are similar in that they involve verifying pH)
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/N) __Y___ If yes, how far apart are the locations? ________Adjacent labs that are connected by a doorway

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 identify and accurately quantitate over 10,000 proteins from cell or tissue lysate across different drug treatments, time courses, or biological conditions. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Andy High: This method can help answer key questions in the biology and medicine field, such as what proteins are changing and by how much in response to a drug or other biological change/stimulus. 
1.2. Andy High: The main advantage of this technique is that it has the ability to accurately quantitate over 70% of the expressed proteome of a cell line or tissue across 10 different experimental conditions.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Junmin Peng: The implications of this technique can be extended to the diagnosis of disease through biomarker discovery.
1.4. Vishu Pagala: Visual demonstration of this method is critical as the optimal cell lysis and protein estimation play a key role in downstream digestion, labeling and separation procedures.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
[bookmark: _GoBack]
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) and in accordance with the St Jude Children’s Research Hospital’s policy for the use of animals and biological samples.


Protocol: (read by voice talent at JoVE)
2. Preparation of Cells/Tissues
(Editor: The author has informed us that some of the shots labeled 2.1, 2.2, 2.3, and 2.4 were mis-slated. Thankfully, the shots that were slated wrong were interview sections for the conclusion. I’ve added additional notes in the Conclusion section about these shots)
2.1. To begin this protocol, obtain cultured cells of interest [1-WIDE-TXT]. Wash the cells twice, using 10 mL of PBS for each wash [2-MED-over the shoulder-TXT]. Scape and collect the washed cells in a 1.5 mL tube containing 1 mL of PBS [3-MED].
2.1.1. Establishing shot of talent approaching the lab bench with a 10 cm plate with cultured adherent cells and/or a 15 mL tube filled with a suspension of cultured cells. TEXT: For details on cell preparation, see text protocol.
2.1.2. Talent adds 10 mL of PBS to one of the cultured cell samples, and washes the cells. TEXT: PBS: Phosphate-buffered saline
2.1.3. Talent scrapes the washed cells and transfers them to a 1.5 mL tube containing 1 mL of PBS. Alternatively, if this is too much motion for the shot, the talent can be filmed just transferring the cells to the 1.5 mL tube.
2.2. Centrifuge at 600 x g and 4 °C for 5 min [1-MED-over the shoulder]. Remove the supernatant, and store at -80 °C until ready to lyse the cells [2-MED/WIDE].
2.2.1. Talent place the 1.5 mL tube into a centrifuge, and turns the centrifuge on.
2.2.2. Talent places the tube, containing the cell pellet, into a freezer at -80 °C.
2.3. Collect and weigh the desired tissues quickly after dissection [1-MED-over the shoulder]. After this, immediately store them in liquid nitrogen and store at -80 °C [2-MED-TXT].
2.3.1. Talent weighs one of the desired tissues and records the weight in a lab notebook. Please have some of the other desired tissues visible on the lab bench.
2.3.2. Talent stores the tissue samples in a freezer at -80 °C. Alternatively, the talent can be filmed storing the tissue samples in liquid nitrogen. TEXT: Make sure to have a total of 10 different samples.
3. Protein Extraction, Quality Control Western Blotting, In-solution Digestion, and Peptide Desalting
3.1. Prepare the lysis buffer on the day of the experiment as outlined in the text protocol [1-MED/WIDE]. Add lysis buffer to the frozen sample such that the buffer-to-sample ratio is 10:1 and the final protein concentration is between 5 and 10 mg/mL [2-MED-over the shoulder-TXT].
3.1.1. Talent mixes some of the reagents needed to prepare the lysis buffer. Any step during the buffer preparation will suffice.
3.1.2. Talent adds the buffer to the frozen samples. There should be enough time in this voiceover for the talent to add buffer to at least 2 vessels containing frozen samples. TEXT: Keep all samples at the same protein concentration.
3.2. Next, add glass beads and use a blender to lyse the samples at 4 °C and speed 8, by blending for 30 s and then resting for 5 s – repeating this 5 times, or until the samples are homogenized [1-MED-TXT]. Measure the protein concentration using a standard protein quantitation assay, or a Commassie-stained short SDS polyacrylamide gel with BSA as a standard [2-CU-TXT].
3.2.1. Talent, at a lab bench with a blender, blends the samples at speed 8 (at 4 °C) to lyse the cells. TEXT: For alternate lysing techniques, see text protocol.
3.2.2. Close up of a short gel quantitation being run. TEXT: SDS: Sodium dodecyl sulfate, BSA: Bovine serum albumin, Xu, P., et al. J Proteome Res. (2009).
3.3. After this, add 100% ACN such that the final concentration is 10% and LysC protease is at an enzyme-to-substrate ratio of 1:100 [1-MED-over the shoulder-TXT].
3.3.1. Talent adds acetonitrile to the homogenate solution. TEXT: ACN: Acetonitrile
3.4. Incubate at room temperature for 2 h to allow protein digestion to occur [1-MED/CU]. Then, add DTT (pronounced “D-T-T”) such that the final concentration is 1 mM [2-MED-over the shoulder-TXT]. Incubate at room temperature for 1 h [3-MED-TXT].
3.4.1. Shot of the samples, on the lab bench, while the LysC digestion occurs.
3.4.2. Talent adds dithiothreitol to one of the samples. TEXT: DTT: Dithiothreitol
3.4.3. Talent sets one of the samples down on the lab bench, and then sets a timer for 1 h. TEXT: Urea concentration: 7.2 M
3.5. Next, add 50 mM HEPES until the urea concentration in the samples is diluted to 2 M [1-MED-over the shoulder-TXT]. Add trypsin to each sample at a trypsin-to-protein ratio of 1:50 [2-MED]. Incubate at room temperature for at least 3 h [3-CU].
3.5.1. Talent adds 50 mM HEPES to one of the samples. TEXT: HEPES: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
3.5.2. Talent adds trypsin to one of the samples.
3.5.3. Shot of the samples, on the lab bench, at rest while they incubate for 3 h.
3.6. Next, add DTT until its concentration is once again 1 mM, and incubate at room temperature for 2 h [1-MED-over the shoulder]. 
3.6.1. Talent adds dithiothreitol to one of the samples, preferably the same sample they added it to in 3.3.2.
3.7. Add iodoacetamide such that its final concentration is 10 mM [1-MED]. Incubate in the dark for 30 min at room temperature [2-MED-over the shoulder].
3.7.1. Talent adds iodoacetamide to one of the samples.
3.7.2. Talent places the tube into a clean lab drawer, and then closes the drawer.
3.8. After this, quench any unreacted iodoacetamide by adding DTT such that its final concentration is 30 mM [1-MED]. Incubate at room temperature for 30 min [2-CU/MED].
3.8.1. Talent adds dithiothreitol to one of the samples. Please film this at a different angle than 3.5.1.
3.8.2. Shot of the samples incubating on the lab bench.
3.9. Check the efficiency of the trypsin digestion as outlined in the text protocol [1-WIDE/MED]. Next, add TFA to each sample such that the final concentration is 1% [2-MED-over the shoulder-TXT]. Using a pH strip, measure the pH of each sample to verify it is between 2 and 3 [3-MED/CU].
3.9.1. Talent approaches the LC-MS/MS with a sample in hand. Alternatively, film the talent using a 10 µL pipette tip with chromatography media embedded in the dead space to desalt a small aliquot from one of the samples.
3.9.2. Talent adds TFA to one of the samples. TEXT: TFA: Trifluoroacetic acid
3.9.3. Talent uses a pH strip to measure the pH of one of the samples.
3.10. Add additional TFA dropwise, if needed, to reach an acceptable pH [1-MED-over the shoulder]. Centrifuge the samples at 20,000 x g and room temperature for 10 min [2-MED].
3.10.1. Talent adds TFA, dropwise, to one of the samples.
3.10.2. Talent places some of the samples into a centrifuge, and then turns the centrifuge on.
3.11. Collect the supernatant, and load the samples onto prepared spin columns [1-MED-TXT]. Centrifuge at 100 x g for 3 min, or until the sample has passed completely through the column, to bind the samples [2-MED-over the shoulder]. Next, add 0.5 mL of 0.1% TFA to each column [3-MED].
3.11.1. Talent loads one of the samples onto a spin column. TEXT: For details on column preparation, see text protocol.
3.11.2. Talent loads the columns into a centrifuge, and then turns the centrifuge on. A [CU] shot of a column in which the sample has passed completely through can be filmed in addition as an “after” shot.
3.11.3. Talent adds 0.5 mL of 0.1% TFA to each column. [Shots 3.11.3 and 3.12.1 combined]
3.12. Centrifuge at 500 x g for 30 s [1-MED-over the shoulder]. After this, add 125 μL of a solution containing 60% CAN and 0.1 TFA to each column [2-MED]. Centrifuge at 100 x g for 3 min to elute the columns [3-MED-over the shoulder-TXT].
3.12.1. Talent turns on the centrifuge – the columns should be loaded into the centrifuge before this. Alternatively, a [CU] of the spinning centrifuge can be shot if the samples are visible while spinning.
3.12.2. Talent adds 125 μL of a solution containing 60% CAN and 0.1 TFA to some of the columns.
3.12.3. Talent loads the columns into the centrifuge. TEXT: Ensure the solution has passed completely through the column.
4. TMT Labeling of Peptides
4.1. Reconstitute each desalted peptide sample in 50 μL of 50 mM HEPES buffer [1-MED]. Using a pH strip, verify that the pH of each sample is between 7 and 8 [2-CU].
4.1.1. Talent reconstitutes one of the desalted peptide samples by added 50 μL of 50 mM HEPES buffer.
4.1.2. Close up shot of the pH strip as the talent tests the sample’s pH.
4.2. Next, dissolve the TMT reagents in anhydrous CAN and incubate at room temperature for 1 h [1-MED-over the shoulder-TXT].
4.2.1. Talent dissolves the TMT reagents in anhydrous ACN. TEXT: TMT: Tandem mass tag, Label samples according to manufacturers instructions
4.3. After this, use 10 μL pipette tips embedded with chromatography media, to desalt 1 μg of each sample [1-CU], and analyze the labeling efficiency as outlined in the text protocol [2-MED/WIDE].
4.3.1. Shot of the pipette tip as the talent desalts a sample. Alternatively, a [MED-over the shoulder] shot can be filmed of the talent performing the action.
4.3.2. Talent approaches the LC-MS/MS with a sample in hand. Alternatively, the talent can be filmed reviewing the results of this analysis.
4.4. Examine 6 to 10 separate peptides to ensure that unlabeled peptides are not detected in the labeled samples [1-MED-over the shoulder]. Then, mix approximately 2 μL of each sample together [1-MED].
4.4.1. Talent, at the workstation computer, examines the LC-MS/MS analysis of between 6 and 10 separate peptides. Alternatively, the talent can be filmed loading another samples into the LC-MS/MS.
4.4.2. Talent mixes approximately 2 μL of each sample together.
4.5. Use 10 μL pipette tips, embedded with chromatography media, to desalt this mixture [1-MED-over the shoulder]. Analyze the samples by LC-MS/MS, as outlined in the text protocol [2-MED].
4.5.1. Talent, using a 10 μL pipette tip embedded with chromatography media, desalts the mixture. Alternatively, the close up shot from 4.3.1 can be used.
4.5.2. Talent loads a sample into the LC-MS/MS. Alternatively the talent can be filmed examining the results after the analysis.
5. Extensive High-resolution, Basic pH LC Prefractionation
5.1. To begin, solubilize the detailed, pooled TMT-labeled peptide sample in 65 μL of buffer A [1-MED]. Use a pH strip to verify that the pH is approximately 8.0 [2-CU]. If the sample is still acidic, use ammonium hydroxide to adjust the pH as necessary [3-MED-over the shoulder].
5.1.1. Talent adds 65 μL of buffer A to the pooled TMT-labeled peptide sample.
5.1.2. Close up shot of the pH strip as the talent uses it to verify the pH.
5.1.3. Talent adds ammonium hydroxide to adjust the pH.
5.2. Next, fractionate the sample as outlined in the text protocol [1-MED/WIDE]. Set the fraction collector to collect fractions every 2 min, including loading time [2-MED-over the shoulder]. Set the flow rate to 0.4 mL/min [3-CU/MED].
5.2.1. Talent approaches the 2 connected C18 columns with the sample in hand. Alternatively, if this cannot be filmed for any reason, use [B-roll] to show the talent establishing the gradient with buffer B).
5.2.2. Talent sets the fraction collector to collect fractions every 2 min.
5.2.3. Talent sets the flow rate to 0.4 mL/min.
5.3. Collect a total of 80 fractions [1-MED-over the shoulder]. Then, use a vacuum concentrator to completely dry every other sample [2-MED]. Using LC-MS/MS, analyze all 80 fractions to achieve ultra-deep proteome coverage [3-MED-over the shoulder].
5.3.1. Talent collects a fraction.
5.3.2. Talent approaches the vacuum concentrator with a sample in hand, and begins to dry the sample. Alternatively, the talent can be filmed just drying the sample with the vacuum concentrator.
5.3.3. Talent loads one of the fractions into the LC-MS/MS. Alternatively, the talent can be filmed reviewing the analysis of the 80 fractions.
6. LC-MS/MS Preparation and Parameters
6.1. First, pack 1.9 μm C18 resin into 75 μm inner diameter empty columns – reaching a bed volume of approximately 1.3 μL [1-MED]. Coil the column 2 to 3 times inside a butterfly portfolio heater to ensure the entire length is heated [2-CU]. Tape the column to the inside of the heater, making sure not to tape over the heater’s temperature sensor [3-MED-over the shoulder].
6.1.1. Talent packs 1.9 μm C18 resin into 75 μm inner diameter empty column.
6.1.2. Close up shot of the column, coiled 3 times inside a butterfly portfolio heater.
6.1.3. Talent tapes the column to the inside of the heater. Make sure to show some of the inside of the column as the talent reaches inside to place the tape.
6.2. Then, heat the column to 65 °C [1-MED/CU]. Run 100 ng of rat brain peptides through the LC-MS/MS system to assess the system’s quality [2-WIDE]. Repeat this assessment one additional time [3-MED-TXT].
6.2.1. Close up of the temperature being set. Alternatively, if this adjustment doesn’t make for a clear close up, film the talent setting the temperature as a [MED] shot.
6.2.2. Wide shot while the talent loads the rat brain peptides. Make sure to show what the mass spectrometer and column heater set up looks like – this shot is to the viewer that set up.
6.2.3. Talent loads the rat brain peptides into the LC-MS/MS system. This shot should be closer and from a different angle than 6.2.2, to show the peptides being loaded. TEXT: For details on analyzing the LC-MS/MS, see text protocol.
6.3. After this, load approximately 0.2 μg of reconstituted peptides on the column while flowing 5% buffer A [1-MED-over the shoulder]. Elute the column and analyze with the mass spectrometer as outlined in the text protocol [2-MED].
6.3.1. Talent loads 0.2 μg of reconstituted peptides on the column.
6.3.2. Talent elutes the column, collecting the elute.

7. Results: Deep Proteome Profiling Analysis
7.1. In this study, a high-throughput method for the quantitation of proteins with a 10-plex isobaric labeling strategy is described [1-LM]. TMT labeling efficiency is examined using LC-MS/MS to analyze TMT-labeled samples and corresponding unlabeled samples [2-LM]. As can be seen, the unlabeled peptide peak is found only in the unlabeled sample, while the TMT-labeled peptide peak is found only in the labeled sample [3-LM].
7.1.1. 56474_High_Peng_ JoVE_TMT_fig_v1.11_2.pdf: Remove the figure text “A” and “B”.
7.1.2. 56474_High_Peng_ JoVE_TMT_fig_v1.11_2.pdf: Pop/emphasize the text for the TMT-labeled samples (Figure 2B) and the unlabeled samples (Figure 2A) as each is mentioned in the voiceover.
7.1.3. 56474_High_Peng_ JoVE_TMT_fig_v1.11_2.pdf: Highlight the peak for the unlabeled peptide peak (Figure 2A) during “…the unlabeled peptide peak is found only in the unlabeled sample…” and highlight the peak for the TMT-labeled sample during “…the TMT-labeled peptide peak is found only in the labeled sample.”
7.2. Next, the effect of the MS2 (pronounced “M-S-two”) isolation window on interference is evaluated [1-LM]. All MS2 scans are designated either as a clean or a noisy scan [2-LM]. While the clean scans exhibit y1 (pronounced “y-one”) ions of only lysine, the noisy scans exhibit them in both lysine and arginine [3-LM].
7.2.1. 56474_High_Peng_ JoVE_TMT_fig_v1.11_3.pdf: Show only Figure 3A. Remove figure text “A”.
7.2.2. 56474_High_Peng_ JoVE_TMT_fig_v1.11_3.pdf: Still showing only Figure 3A. Pop/emphasize the image for the “Clean scan” and the image for the “Noisy scan” as each is mentioned in the voiceover.
7.2.3. 56474_High_Peng_ JoVE_TMT_fig_v1.11_3.pdf: Highlight the peak for the “y1 ion (R)” in the Clean scan during “…exhibit y1 ions of only lysine”. Highlight the peaks in the Noisy scan for “y1 ion (R)” (it’s the green peak on the left, in the same place as the same peak in the clean scan) and for “y1 ion (K)” during “…the noisy scans exhibit them in both lysine and arginine.”
7.3. Representative interference removal using E. coli peptides – individually labeled with 3 different TMT reagents – is shown here [1-LM]. The summed relative intensities reveals that y1 ion-based correction is more accurate for TMT-based quantitation [2-LM].
7.3.1. 56474_High_Peng_ JoVE_TMT_fig_v1.11_3.pdf: Show only Figure 3B. Remove figure text “B”.
7.3.2. 56474_High_Peng_ JoVE_TMT_fig_v1.11_3.pdf: Still show only Figure 3B. Highlight the 3 green columns.

8. Conclusion (said by authors on camera)

(Editor: The author said that the videographer mis-slated everything for the interviews with Andy High. I’ve included the numbers below for what they may be slated)
8.1. Andy High: Once mastered, this protocol can be completed in 4 to 5 weeks if it is performed properly. (Author Comment: Was accidently slated as 2.1)
8.2. Andy High: While attempting this procedure, it’s important to remember to complete all the quality control steps to insure the final data set is as accurate as possible. (Author Comment: Was accidently slated as 2.2)
8.3. Andy High: Adapting this procedure to focus on post translational modifications, other questions like how does phosphorylation, acetylation, or ubiquination change in response to a drug or disease progression can be answered. (Author Comment: Was accidently slated as 2.3)
8.4. Junmin Peng: After its development, this technique helped to pave the way for researchers in the field of proteomics to explore protein changes in cells and tissues.
8.5. Andy High: After watching this video, you should have a good understanding of how to identify and accurately quantitate over 10,000 proteins from a mammalian tissue or cell line. (Author Comment: Was accidently slated as 2.4)
8.6. Vishu Pagala: Don't forget that working with high pressure UPLC and fused silica columns can be extremely hazardous and precautions such as wearing safety goggles should always be taken while performing this procedure.
8.7. Junmin Peng: We first had the idea for this method when we began to address the known ratio compression issue in isobaric labelling methods.  We realized extensive fractionation not only helped alleviate the compression issue but also improved the number of proteins and peptides identified.


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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