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A.  Will you require JoVE to record video microscop? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N

If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

The cellular enrichment is software driven and may be recorded by screen recording software.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. 

2. Cellular enrichment.

5. Measurement of protein concentration and spike-in.

4. Liquid chromatography and mass -spectrometric analysis.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

1. Cellular enrichment needs some experiments with either histopathology or FACS-Analysis and needs to be adapted for each biological question.

E.  Will the filming need to take place in multiple locations? Yes, about 4 km

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 elucidate the protein expression profiles of liquid and solid tumors. (Intro) This is accomplished by first enriching cancer cells from patient-derived blood or tissue samples. (P1) In the second step, proteins are isolated from the cancer cells, (P2) and then mixed with a tumor specific Super-SILAC (Pronounce: sy-lack) quantification standard. (P3) In the final step, the protein mixture is digested. (P4) Ultimately, mass spectrometry is used to show the protein expression profiles from liquid and solid tumors. (P5)

Suggested animation for narrative below, but see also Figures_Jove_Intro.pptx

(P1) show outline of human, then have cell cluster emerge from human and zoom into cells with sguiggly proteins inside
(P2) have cell membranes disappear, leaving only squiggly proteins
(P3) have microcentrifuge appear with blue media inside and accompanying “Super-SILAC” text and then have proteins enter tube and swirl around/have tube swirl around to “mix” proteins with super-silac or similar
(P4) have squiggly proteins break up into small particles within tube
(P5) 52435_Bohnenberger Oellerich_Figure 3.tif
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Thomas Oellerich: This method can help answer key questions in the oncology and pathology field, such as how can drug targets and mechanisms of therapy resistance be identified?  

1.2. Hanibal Bohnenberger: Though this method can provide insight into biomarker discovery, it can also be applied to other systems, such as the investigation of diverse solid and liquid cancers.

1.3. Henning Urlaub: Demonstrating the procedure will be Dr. Hanibal Bohnenberger from the Institute for Pathology and Dr. Christof Lenz from my laboratory.  

1.3.1. Interview style: Author saying the above 

1.3.2. Hanibal Bohnenberger is presented

1.3.3. Christof Lenz is presentedThe named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Cell enrichment
2.1. To prepare liquid tumor cells for fluorescence sorting by flow cytometry, begin by aliquoting 1 ml of the human mononuclear cell sample suspended in PBS + 2% FBS for the negative control and 1 ml for each fluorescent dye used in the final stain.
2.1.1. WIDE: Few seconds Talent adding cells to PBS + FBS (TEXT: Isolate cells by RBC lysis/gradient separation as appropriate) 
2.1.2. MED: Talent adding cells to at least one fluorescent dye tube, with “negative control” tube in frame with label visible if possible, plus other tubes labeled with fluorescent dye labels visible

2.2. Next, incubate the cells with the appropriate antibodies for isolating the leukemic cell population and for the compensation controls on ice.

2.2.1. CU: Antibodies being added to at least one tube, with tube label and antibody labels visible in frame as possible

2.2.2. CU: Tube(s) being placed onto ice

2.3. After 30 minutes, wash the cells twice with PBS + 2% FCS
2.3.1. MED: Talent placing tube(s) into centrifuge (TEXT: 5 min, 400 x g, 4°C, x2)
2.3.2. CU: Shot of at least one sample being filtered 

2.4. Then add a cell viability stain to the appropriate tubes and sort the cells according to the schematic, collecting the samples in IMDM (Pronounce: I-M-D-M) + 10% FCS.
2.4.1. CU: Viability stain being added to at least one tube, with stain label visible

2.4.2. LAB MEDIA: 52435_Bohnenberger Oellerich_Figure 2a.tif (Video Editor: add/trace arrows sequentially from top left graph to right graph, from right graph to bottom left graph)

2.5. To collect solid tumors by laser-capture microdissection, first use a microtome to cut 5-10 micrometer thick sections from formalin-fixed paraffin-embedded samples.

2.5.1. MED: Few seconds Talent at microtome, making section(s)

2.5.2. CU: Few seconds at least one section being cut  (TEXT: e.g. Here lung cancer specimens were used)

2.6. Next, mount the sections on film-covered membrane slides and dry the samples at 37°C.

2.6.1. CU: Few seconds section being mounted on slide

2.6.2. MED: Talent placing slide(s) at 37°C

2.7. After 1 hour, deparaffinize and rehydrate the sections by successive 1 minute incubations in xylene, absolute ethanol, 70% ethanol, and water.
2.7.1. MED: Talent transferring slide(s) from xylene to absolute ethanol container with xylene and absolute ethanol labels visible, as well as all consecutive containers with labels visible in frame

2.8. Then stain the sections with hematoxylin for 20 seconds, rinse them with tap water, and collect the cells of interest with a laser-capture microdissection system.

2.8.1. CU: Hematoxylin being added to at least one slide

2.8.2. CU: At least one slide being rinsed with water

2.8.3. MED: Talent at laser-capture microdissection system, imaging one section of slide or similar OR SCREEN: Few seconds section being imaged/cells being collected -> Two videos were take at the laser-capture microdissection system, just choose which one is best for you!
3. Protein extraction
3.1. To extract protein from the sorted liquid tumor cells, spin down the sample 3 times, washing the cells in 500 microliters of cold PBS during the second two centrifugations.

3.1.1. WIDE: Talent placing cells in centrifuge -> Use take 2
3.1.2. MED: Talent adding PBS to cells, with PBS container label visible in frame (TEXT: 5 min, 400 x g, 4°C x3) don't show the pipetting of the Control ("C")
3.2. Next, incubate the cells in 40 microliters of lysis buffer per 1x106 cells. After 15 minutes, centrifuge the lysate and transfer the clear, lysate-containing supernatant into a new reaction tube.
3.2.1. MED: Talent adding lysis butter to cells, with lysis buffer container label visible in frame if possible (TEXT: 1x105 cells ≈ 10 micrograms protein) don't show the pipetting of the Control ("C")
3.2.2. CU: Tube(s) being placed into centrifuge (TEXT: 10 min, 14,000 x g, 4°C) -> Use take 2
3.2.3. CU: Lysate being dispensed into new tube (TEXT: Discard pellet) don't show the pipetting of the Control ("C")
3.3. To extract protein from the microdissected solid tumor cells, incubate the tissue sample with 60 microliters of tissue lysis buffer at 72°C. 

3.3.1. CU: Lysis buffer being added to tube, with lysis buffer container label visible if possible

3.3.2. MED: Tube(s) being placed at 72°C

3.4. After 15 minutes, collect the fluid by a short centrifugation and transfer the supernatant into a new reaction tube. 
3.4.1. MED: Talent placing tube(s) into centrifuge (TEXT: 5 min, 400 x g, 4°C) 

3.4.2. MED: Talent adding supernatant to new tube

3.5. Then sonicate the lysate on ice for 3 minutes, followed by an incubation with 15 microliters of 20% sodium dodecyl sulfate at 99°C in a heating block with 600 rpm of agitation. 
3.5.1. CU: Few seconds lysate being sonicated

3.5.2. CU: Few seconds lysate being agitated at 99°C in heating block, with SDS container label visible in frame if possible

3.6. After 1 hour, spin down the lysate and transfer the supernatant to a new tube.

3.6.1. MED: Talent placing tube(s) into centrifuge (TEXT: 10 min, 16,000 x g, 18°C) 

3.6.2. CU: Supernatant being added to new tube

4. Protein concentration measurement and spike-in

4.1. Next, determine the protein concentrations of the cleared cellular and Super-SILAC standard and then mix equal amounts of the tumor cell pieces with Super-SILAC standard followed by lithium dodecyl sulfate buffer at 25% of the sample volume and reducing agent at 10% of the sample volume. 
4.1.1. WIDE: Representative few second shot Talent determining super silac protein concentration (e.g. adding sample to analyzer or similar)

4.1.2. MED: Talent adding/mixing tumor cell pieces to super silac standard, with super silac container label visible in frame if possible

4.1.3. CU: Lithium dodecyl sulfate being added to sample, with LDS container label visible in frame if possible

4.1.4. CU: Reducing agent being added to sample, with reducing agent container label visible in frame if possible
4.2. Then heat the resulting solution in a heating block for 10 minutes at 72°C.

4.2.1. MED: Talent placing sample in heating block  (TEXT: Optional: Store denatured proteins @ -80°C)

4.3. To measure the protein concentration of the solid tumor lysate on a plate reader, mix a standard bovine serum albumin dilution solution series, the lysate and the appropriate Super-SILAC standard with a commercially available protein assay in a 96-well plate.

4.3.1. MED: Few seconds Talent adding BSA to at least one well of 96 well plate, with BSA container label(s) visible in frame as possible with protein assay container visible in frame

4.3.2. CU: Lysate being added to at least one well, with lysate container label visible if possible with protein assay container visible in frame

4.3.3. CU: Super-SILAC being added to at least one well with, super-SILAC container label visible in frame if possible with protein assay container visible in frame

4.4. After 1 minute of shaking, incubate the sample for the appropriate time period and measure the absorbance as indicated by the manufacturer. 
4.4.1. CU: Few seconds plate on shaker 4.4.1 - 4.4.3 were taken together, as shaking and incubation was within a platereader, so we could not show it, instead the setup of the software is shown
4.4.2. MED: Talent placing plate to incubate

4.4.3. MED: Talent adding sample to analyzer

4.5. Then mix equal amounts of clarified lysate and the Super-SILAC standard with 200 microliters of urea in a filter unit and centrifuge the samples for 30 minutes. 
4.5.3 should be shown first, then 4.5.1 and then 4.5.2 and then 4.5.4
4.5.1. MED: Talent adding lysate to filter unit, with 96 well plate visible in frame if possible (Videographer: combine 4.5.1. and 4.5.2. as appropriate)

4.5.2. MED: Talent adding super-SILAC standard to filter unit, with super silcac container label visible in frame if possible (Videographer: combine 4.5.1. and 4.5.2. as appropriate) (TEXT: Do not use >50 microliters lysate/standard) 
4.5.3. MED: Urea being added to filter unit, with urea container label visible if possible

4.5.4. MED: Talent placing filter unit(s) into centrifuge (TEXT: 30 min, 14,000 x g, ~20°C)

5. Liquid chromatography and mass spectrometric analysis
5.1. To analyze the tumor cell lysates by liquid chromatography and mass spectrometric analysis, begin by re-dissolving the peptides of interest in 30 microliters of loading buffer for 5 minutes in a sonication bath. 
5.1.1. WIDE: Talent adding loading buffer to at least one sample

5.1.2. MED: Talent placing sample(s) into sonication bath

5.2. Then spin down the protein and transfer the clear supernatant into a mass spectrometric autosampler vial.
5.2.1. CU: Tube(s) being placd into centrifuge (TEXT: 1 min, 15,800 x g, 4°C) 
5.2.2. CU: Supernatant being added to vial

5.3. Next, inject 5 microliters of sample per analysis into the nanoLC-MS/MS (Pronounce: nano-L-C-M-S-M-S) system autosampler and concentrate and desalt the peptides online on a reversed phase C18 (Pronounce: C-18) pre-column mounted in a vented column setup. 
5.3.1. MED: Talent injecting sample into autosampler

5.3.2. MED/CU: Few seconds peptides being concentrated/desalted on precolumn (TEXT: 0.15 mm ID x 20 mm w/ 5 mm pore size C18 material) 
5.4. Finally, separate the peptides on a reversed phase C18 micro-column in a self-pack nano-spray column using a 90 minute gradient of 5-35% acetonitrile vs. 0.1% aqueous formic acid at 300 nl/min. 
5.4.1. MED: Talent adding micro-column to self-pack nano-spray column (TEXT: 0.075 mm ID x 200 mm w/ ≤3 microns pore size C18 material) 
5.4.2. CU: Few seconds peptides being separated on micro-column a Video was taken of a Computer screen, we will try to film this again by using screen capture, if it is possible, we will send you the files till the end of next week
5.5. Then use a nanospray ion source to transfer the eluent and analyze the peptides using a Top15 data dependent acquisition method. Different types of mass-spectrometers can be used for analyzing the peptides.
5.5.1 + 5.5.2 were taken together, a Video was taken of a Computer screen, we will try to film this again by using screen capture, if it is possible, we will send you the files till the end of next week
5.5.1. MED: Few seconds Talent transferring eluent

5.5.2. MED: Few seconds Talent analyzing peptides

5.5.3. [added] Different types of mass spectrometers
6. Results: Representative mass spectrometric analysis of liquid and tumor cell samples

6.1. Proteomic profiling of liquid and solid tumors from patients is a promising approach for the discovery of new diagnostic and predictive biomarkers. For example, this first figure demonstrates an exemplary gating strategy for isolating CD117-stained leukemic cells from a liquid tumor sample.
6.1.1. LAB MEDIA: 52435_Bohnenberger Oellerich_Figure 2a.tif (Video Editor: with “this first … strategy” please add/trace arrows sequentially from top left graph to right graph, from right graph to bottom left graph; with “isolating … sample” please highlight gate/cells in gate in bottom left graph)
6.2. Whereas here, a 5-10 micrometer thick section mounted on film-covered membrane slides as just demonstrated is shown. A region of interest was then selected manually and excised by laser capture microdissection. 
6.2.1. LAB MEDIA: 52435_Bohnenberger Oellerich_Figure 2b.tif 
(Video Editor: with “a 5-10 .. shown” please highlight the top image; 

with “a region … manually” please outline/indicate the yellow line; 

with “excised… microdissection” please highlight the bottom image/indicate the white area in the bottom image 

OR Show top image only for first two points and then transition to bottom image with “excised” section visible)
6.3. Unsupervised cluster analysis of the protein expression profiles of liquid and solid tumor samples can then be performed by mass spectrometry, allowing the clear separation of the different tumor entities according to their distinct protein expression profiles. These data may then ultimately contribute to the establishment of clinically relevant biomarkers.
6.3.1. LAB MEDIA: 52435_Bohnenberger Oellerich_Figure 3.tif (Video Editor: with “allowing … entities” please maybe circle/outline the blue/green/pink clusters to the left of each image; with “distincit … profiles” please circle/outline the large rectangle of red and green protein profiles in each image)

7. Conclusion (said by authors on camera)
7.1. Henning Urlaub: Implementation of enrichment strategies for posttranslational modification, such as phosphorylation or ubiquitination, can also be performed to answer additional questions, like how can dysregulated kinase activation patterns be identified?
7.2. Hanibal Bohnenberger: After its development, this technique paved the way for researchers in the field of oncology and pathology to explore the specific biomarkers and signaling pathways of a variety of cancer entities.

7.3. Thomas Oellerich: After watching this video, you should have a good understanding of how to isolate proteins from cancer cell subpopulations for analyzing their protein expression profiles and signaling states by mass spectrometry.

    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.  

6.1 – 52345_Bohnenberger Oellerich_Figure2a – cell sorter data
6.2 – 52345_Bohnenberger Oellerich_Figure2b – microdissection 

6.3 – 52345_Bohnenberger Oellerich_Figure3 – clusters of AML and lung
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.
( 2013, Journal of Visualized Experiments


