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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______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: ___

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___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.  If you are providing screen capture files, please submit them at the time you send your edited script back to the scriptwriter so they can be integrated into the shotlist.
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, 3.4, 4.2
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.) _2.4
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes_____ If yes, how far apart are the locations? _ The ICC/PLA section will be filmed in the anatomical institute, which is only 100 meters away from our children’s hospital (2 min walk).
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this experiment is to compare the advantages and disadvantages of co-immunoprecipitation, or CoIP, and the proximity ligation assay, or PLA in visualizing protein-protein interactions in different cellular compartments. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Sven Wellmann: The presented comparison of two different methods can help scientists to decide which one is better suited for their specific purpose when investigating the distribution pattern of protein-protein interactions in the nucleus and the cytoplasm of a cell. 
1.2. Xinzhou Zhu: The main advantage of CoIP is to detect authentic protein-protein interactions. By contrast, the benefit of PLA is to analyze in situ protein-protein interactions in a rapid way at the single-cell level. 
Protocol (read by voice talent at JoVE):

2. Co-immunoprecipitation
2.1. After growing and harvesting HEK293 cells according to the text protocol [1-WIDE], to 3 x 106 cells, add 300 ul of cold cytoplasmic extraction solution [2-CU-TXT] and vortex the cells at the highest speed for 15 seconds [3-MED/CU].
2.1.1. Talent transfers cells to a new tube. 
2.1.2. Talent adds extraction solution to tube of cells (TEXT: CER I)

2.1.3. Talent vortexes cells at highest speed 

2.2. Incubate the extract on ice for 30 minutes [1-MED/CU], and every 10 minutes during the incubation, vortex the sample for 5 seconds [2-MED/CU].  Then add 16.5 ul of cold cytoplasmic extraction solution, vortex for 5 seconds, and incubate the sample on ice for 5 minutes [3-MED/CU-TXT]. 
2.2.1. Talent places extract on ice

2.2.2. Talent vortexes sample; B need another version for 2.3.1 below
2.2.3. Talent finishes adding CER II and vortexes again and places sample back on ice (TEXT: CER II)

2.3. Vortex the extract for 5 seconds [1-CU] and centrifuge the sample at 16 000 x g and 4 °C for 5 min [2-MED-TXT]. Transfer the supernatant into a new pre-chilled tube and keep it on ice until use [3-MED/CU].  Then use 1 ml of cold PBS to wash the insoluble pellets three times by pipetting up and down and removing the PBS after each wash [4-CU-TXT].
2.3.1. Use 2.2.2B here
2.3.2. Talent places sample into centrifuge and sets speed and time; B need another version for 2.5.2 below (TEXT: 16,000 x g, 4 (C, 5 min)
2.3.3. Talent transfers supernatant into a new tube and places on ice.

2.3.4. Talent adds PBS to pellet and resuspends

2.4. Next, add 150 µL of cold nuclear extraction solution, vortex for 15 seconds [1-MED/CU-TXT] and incubate on ice for 1 hour [2-CU].  Every 10 minutes during the incubation, vortex the sample for 15 seconds and use a 200 (L tip to pipette the solution 10 times [3-CU].

2.4.1. Talent adds cold nuclear extraction solution and vortexes sample (TEXT: NER)
2.4.2. Talent places tube on ice to incubate
2.4.3. Talent finishes vortexing a sample and pipettes with a p200 tip
2.5. Vortex the tube for 15 seconds [1-CU] and centrifuge the sample at 16 000 x g and 4 °C for 10 min [2-MED].  Then transfer the supernatant containing the nuclear extract into a new pre-chilled tube, and keep it on ice until use [3-CU].
2.5.1. Talent vortexes sample
2.5.2. Use 2.3.2B here
2.5.3. Talent transfers supernatant to new re-chilled tube and places on ice
2.6. Remove 10% of the volume of nuclear and cytoplasmic extracts each as inputs [1-CU].  Then add cold PBS to the remaining extracts to a final volume of 1 mL.  Keep on ice until use [2-CU].
2.6.1. Talent removes 10% of sample from labeled nuclear and cytoplasmic extracts
2.6.2. Talent finishes adding cold PBS to one of the extracts and places it on ice with the other extracts
2.7. After pre-clearing the Protein G-conjugated magnetic beads if necessary, combine 40 µL of Protein G-conjugated magnetic beads [1-CU-TXT] with 4 µg of rabbit polyclonal anti-RBM3 antibody or rabbit IgG as a negative control in 200 µL of PBST [2-CU-TXT]. Incubate at room temperature on a rotator for 40 minutes [3-MED/CU].
2.7.1. Talent adds 50% bead slurry to a tube (TEXT:  50% slurry, Refer to text protocol for additional details)
2.7.2. Talent adds antibody in PBST to tube of beads (TEXT: PBST, 0.02% Tween 20)
2.7.3. Talent places samples on rotator and turns it on
2.8. Place the tubes on a magnetic rack, then remove and discard the supernatant [1-CU]. Then with 200 µL of PBST, wash the beads once [2-CU].
2.8.1. Talent places tubes on rack then removes and discards supernatant
2.8.2. Talent removes tube from rack and adds PBST to wash
2.9. Add 1 ml of diluted lysates to the beads [1-CU] and incubate on a rotator at 4 (C overnight [2-MED/CU].  The following day, place the tubes on the magnetic rack and aspirate the supernatant [3-CU]. 
2.9.1. Talent adds diluted lysates to beads

2.9.2. Talent places tubes on rotator at 4 (C and starts rotation

2.9.3. Talent places tubes on rack and removes supernatant 
2.10. Add 0.5 ml of PBST to the beads [1-CU] and wash them three times on a rotator at 4 (C with a fixed speed of 20 rpm for 10 minutes [2-MED/CU].  
2.10.1. Talent adds PBST to beads

2.10.2. Talent places tubes on rotator at 4 (C and turns it on 
2.11. Elute the protein from the beads by adding 40 ul of sample buffer [1-CU-TXT].  Then heat the sample at 70 (C for 10 minutes [2-MED/CU].  After spinning down the beads, transfer the liquid to a new 1.5 ml tube [3-CU-TXT].
2.11.1. Talent adds sample buffer to tubes (TEXT: 1x commercial sample buffer w/50 mM DTT)
2.11.2. Talent places sample at 70 (C
2.11.3. Talent transfers liquid to new 1.5 ml tube (TEXT: Carry out Western blotting according to the text protocol)
3. Immunocytochemistry 
3.1. To carry out immunocytochemistry, seed HEK293 cells at 1.5 x 104 cells per chamber in an 8-chamber poly-D-lysine coated slide in 0.4 ml of DMEM supplemented with 10% FBS and 100 U/mL of Pen-strep [1-CU].
3.1.1. Talent adds cell-containing medium into one chamber of 8-chamber slide  

3.2. Incubate the cells at 37 (C and 5% CO2 for 48 hours [1-WIDE/MED].  Then aspirate the medium and use 4% PFA to fix the cells at room temperature for 10 minutes in a laminar flow hood [2-CU].  Then, aspirate the PFA and use 0.5 ml of PBS per chamber to wash the cells three times [3-CU].
3.2.1. Talent places cells into incubator

3.2.2. Talent finishes aspirating medium and adds PFA and covers plate to incubate under hood
3.2.3. Talent aspirates PFA and adds PBS to wash cells under hood 
3.3. Add 0.5% Triton X-100 with 5% NGS in PBS to permeabilize and block the cells and incubate at room temperature for 1 hour [1-CU][2-MED/CU]. 
3.3.1. Talent adds Triton X-100/NGS to cells

3.3.2. Talent sets plates to incubate on the bench under the hood  
3.4. Then, after diluting anti-NF90 monoclonal and anti-RBM3 polyclonal primary antibodies 1:100, add primary antibodies to the wells [1-CU-TXT] and incubate on a shaker at 4 (C overnight [2-MED]. The following day, use 0.5 ml of PBS to wash the chambers 3 times for 10 minutes each [3-CU].
3.4.1. Talent adds diluted antibodies to wells of plate (TEXT: 1:100 in 0.1% Triton X-100, 5% NGS in PBS)
3.4.2. Talent places plate in a pipette tip box at 4 (C on a shaker and starts shaking
3.4.3. Talent adds PBS to wash cells 
3.5. To carry out immunocytochemistry, add a 1:500 dilution of green fluorescent dye-coupled anti-mouse and red fluorescent dye-coupled anti-rabbit antibodies to the cells [1-MED/CU-TXT] and incubate at room temperature for 1 hour [2-?].
3.5.1. Talent adds antibodies to cells (TEXT: Avoid light from this step onwards)
3.5.2. ADDED SHOT: Talent places plate in a pipette tip box, and then wraps with alu foil, places at room temperature on a shaker and starts shaking

3.6. Add a 1:5000 dilution of DAPI in PBS to counterstain the nuclei and incubate at room temperature for 10 minutes [1-CU].  Then wash the samples with PBS as before [2-CU-TXT].
3.6.1. Talent adds DAPI in PBS to cells

3.6.2. Talent adds PBS to cells to wash (TEXT: 0.5 mL PBS, 3x, 10 min each)
3.7. Remove the chambers from the glass slide [1-CU] and dry them…[2-?] before using 250 ul of mounting medium per slide to mount them [3-CU/ECU].

3.7.1. Talent removes a chamber from slide 

3.7.2. ADDED SHOT: Talent dries one slide
3.7.3. Talent adds mounting medium to a slide to mount may be slated 3.7.2
4. Proximity Ligation Assay 

4.1. To prepare two proximity ligation assay probes, after incubating cells in primary antibodies and washing as just demonstrated [1-CU], dilute the pre-made probes 1:5 in 0.1% Triton X-100 and 5% NGS in PBS in a total volume of 320 ul for one 8-chamber slide [2-CU]. [3-MED/CU].
4.1.1. Talent adds PBS to wash cells 
4.1.2. Dilutes the probes in Triton X-100/NGS/PBS

4.1.3. Talent sets solutions at RT to incubate 
4.2. Remove the chambers from the glass slide and add the diluted probes [1-CU]. Then incubate the chambers in a humidity incubator at 37 °C for 1 hour [2-WIDE].
4.2.1. Talent removes a slide and adds probes
4.2.2. Talent places to incubate
4.3. Prepare a ligation solution by mixing 8 ul of ligase, 64 ul of 5x ligation stock and 248 ul of H2O [1-CU].  Tap off the liquid from the slide and use 1x wash buffer A to wash the samples twice for 5 minutes each [2-CU].
4.3.1. Talent mixes ligase, ligation stock, and water
4.3.2. Talent taps off liquid from slide and uses wash buffer A to wash slides

4.4. Add the ligation solution to the samples [1-CU] and incubate them in a humidity incubator at 37 °C for 30 min [2-WIDE].
4.4.1. Talent adds ligation solution to samples
4.4.2. Talent places to incubate
4.5. Prepare the amplification solution by mixing 4 ul of polymerase, 64 ul of 5x amplification stock, and 252 ul of H2O, and wrap the tube in foil to protect it from light [1-CU].  Then, tap off the liquid from the slide and use 1x wash buffer A to wash the samples twice for two minutes each [2-CU].
4.5.1. Talent combines polymerase, amplification stock, and water, wraps the tube with aluminum foil to avoid light
4.5.2. Talent taps liquid from slide and adds wash buffer A to wash samples

4.6. Add the amplification solution to the samples [1-CU] and incubate at 37 (C in a dark, humid incubator for 100 minutes [2-WIDE].  Then after tapping off the liquid as before, wash the samples twice for 10 minutes each in wash buffer B before washing them once in 0.01x wash buffer B [3-CU].
4.6.1. Talent adds amplification solution to samples

4.6.2. Talent places to incubate
4.6.3. Talent adds wash buffer B to wash samples

4.7. Finally, dry the slide [1-CU] and mount the samples with 250 ul of commercial mounting medium with DAPI [2-?].  Examine the fluorescence under a microscope and acquire images with a CCD camera [3-LM].
4.7.1. Talent finishes drying a slide 

4.7.2. ADDED SHOT: Talent adds mounting medium
4.7.3. LAB MEDIA Figure 2B without arrowheads, *Authors to provide image panels without arrowheads.
5. Results: Visualization of NF90-RBM3 Interactions in Nuclear and Cytoplasm Extracts and Cells
5.1. Co-immunoprecipitation experiments with RBM3 as the bait protein revealed that NF90-RBM3 interactions are predominantly present in the nucleus and a minority are found in the cytoplasm. [1-LM].
5.1.1. LAB MEDIA Figure 1, Editor, for the first sentence, point out the anti-RBM3 ‘N’ column for predominantly in the nucleus in the IP panel (not in input panel) (Comment: just to emphasize, only in IP panel, not input panel), then the anti-RBM3 ‘C’ column in the IP panel (not in input panel) for a minority in the cytoplasm. 
5.2. In this immunofluorescence experiment, NF90 and RBM3 are both seen in the nucleus.   Both proteins are also found in the cytoplasm in situ and both proteins show perfect co-localization in each compartment [1-LM].

5.2.1. LAB MEDIA Figure 2A, Editor, for the first sentence, add in the white arrowheads to the 4 panels. 
5.3. As seen in these images, the proximity ligation assay revealed the pattern of NF90-RBM3 interactions, which is very similar to conventional immunocytochemistry, with most interactions in the nucleus in the majority of cells. Only a small proportion of cells demonstrated predominantly cytoplasmic distribution of NF90-RBM3 interactions [1-LM].
5.3.1. LAB MEDIA Figure 2B, Editor, for the pattern of NF90-RBM3 interactions, for the last sentence, add in the white arrowheads as shown.
6. Conclusion (said by authors on camera)
6.1. Xinzhou Zhu: While attempting this procedure, it’s important to remember that, although more convenient, PLA does not reflect protein-protein interactions directly. Instead, CoIP detects direct interaction. In addition, the specificity of the primary antibody determines the quality of the result.

6.2. Sven Wellmann: After watching this video, you should have a good understanding of how to choose an appropriate method to study protein-protein interactions in different cellular compartments according to your own experimental purpose.
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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