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Authors, please fill out the brief questionnaire below.   

A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _________ If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) _______ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)________ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 3.3, 3.4, 4.1, 4.2, 4.3____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Setting up the DNA mixes. To ensure success, we create spreadsheets to pre-calculate the correct amount of each component and take great care in setting up the DNA mixes.

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
lConceptual Narrative:
The overall goal of the following experiment is to observe the interaction between two proteins in live cultured cells. (Intro)

This is achieved by subcloning the cDNAs for the two proteins of interest into plasmids containing the coding sequence for Yellow Fluorescent Protein, abbreviated YFP, or luciferase, to create vectors for the expression of protein in mammalian cells. (P1)
Editors, please show P1 of Schematic.pptx as this point is narrated.  To animate this illustration, the purple “protein x” and orange “protein Y” can be moved into each plasmid where the red rectangle is to result in the two bottom plasmids. 

As a second step, the plasmids are transfected into cultured cells which leads to the expression of YFP and luciferase fusion proteins. (P2)  
Editors, please show P2 of Schematic.pptx as this point is narrated.  To animate this illustration, the two plasmids can be moved into the cell where the Luc and YFP labeled proteins can appear. 

Next, luciferase substrate is added to the cells in order to initiate light emission from the luciferase. (P3)
Editors, please show P3 of Schematic.pptx as this point is narrated.  To animate this illustration, the arrow from the substrate can appear and then the Luc can glow blue. 

Results are obtained that show interaction between the two fusion proteins based on energy transfer from luciferase to YFP. (P4)
Editors, please show P4 of Schematic.pptx as this point is narrated.  To animate this illustration, the blue light around the Luc and the blue lightening can glow and then the yellow YFP can glow.  Then the results figure can be brought in. 


Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

Schematic.pptx

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Sarah Graham: The main advantage of this technique over existing methods, like co-immunoprecipitation, is that it allows protein-protein interactions to be observed in live cells.   
1.1.1. MED:  Sarah speaks toward camera, interview style.
1.2. Pelagia Deriziotis:  This method can help answer key questions in the field of functional genomics, by determining if a mutation found in a patient affects protein-protein interactions. 
1.2.1. MED:  Pelagia speaks toward camera, interview style.
1.3. **Simon Fisher:  Demonstrating the first step of the procedure will be Sara B. Estruch a PhD student from my laboratory. 
1.3.1. MED:  Simon speaks toward camera, interview style.
1.3.2. MED:  Sara looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):
2. Preparation of DNA mixes
2.1. To begin, create the plasmids as described in the text protocol.  Estimate the concentration of them based on absorbance at 260 nm.  Determine the molecular mass of each plasmid by multiplying the number of base pairs by 650 Daltons.  Use the concentration and molecular mass to calculate the molar concentration of each plasmid preparation. 
2.1.1. MED:  Talent at the UV-spectrophotometer nanodrop pipettes the plasmid into the cuvette pedestal and measures the UV absorbance of the plasmids.
2.1.1a CU: Talent pipettes sample onto nanodrop pedestal.
2.1.1b SCREEN SHOT: DNA concentration on nanodrop.
2.1.2. CU:  Lab notebook as talent uses the concentration and molecular mass to calculate the molar concentrations.
2.2. Dilute the plasmid DNA preparations to a concentration of 36 nM.  These will be the working stocks that will be used to prepare the DNA mixes for transfection.
2.2.1. MED:  Talent dilutes the plasmid DNA to a concentration of 36 nM in labeled tubes.
2.3. On-site Talent:  The most difficult aspect of this procedure is setting up the DNA mixes.  To ensure success, we create spreadsheets to pre-calculate the correct amount of each component and take great care in setting up the DNA mixes.
2.3.1. MED:  Talent looks up from lab-bench and speaks toward camera.
2.4. Prepare the first control DNA mix containing 1800 ng of filler plasmid in a final volume of 20 µl of water.
2.4.1. CU:  Labeled tube as talent prepares a control DNA mix by pipetting in filler plasmid from a labeled container and water from a labeled container. TEXT OVERLAY: 1800 ng filler plasmid, total volume 20 µl.
2.5. Then, set-up a second control DNA mix by preparing 5 µl of the pLuc (pronounced as “p-look”) -control construct.  Add filler plasmid to bring the total DNA mass to 1800 ng.  Add water to bring the final volume to 20 µl.  
2.5.1. +2.5.2 MED-over the shoulder:  Talent begins to prepare the 2nd control DNA mix.  Talent adds 5 µl of the pLuc -control construct into a labeled tube. TEXT OVERLAY: 5 µl of pLuc-control, total DNA mass 1800 ng, total volume 20 µl. 
2.5.2. CU:  Labeled tube as talent adds filler plasmid and water to bring the final volume to 20 µl.  Use labeled containers. Merged with 2.5.1
2.6. Prepare a third control DNA mix containing 5 µl of pLuc-control construct and 5 µl of pYFP (pronounced as “P-Y-F-P”) -control construct.  Add filler plasmid and water as before.  
2.6.1. +2.6.2 MED-over the shoulder:  Labeled tube as talent prepares the third control DNA mix by pipetting 5 µl of pLuc-control construct and 5 µl of pYFP-control construct. TEXT OVERLAY: 5 µl pLuc-control, 5 µl pYFP-control, total DNA mass 1800 ng, total volume 20 µl.
2.6.2. MED:  Then talent pipettes in the filler plasmid and water to bring the final volume to 20 µl.   Merged with 2.6.1.
2.7. Finally, set-up a fourth control DNA mix containing 5 µl of the positive control construct.  Again, add filler plasmid and water in the same manner.
2.7.1. CU:  Labeled fourth control tube as talent pipettes 5 µl of positive control construct, filler plasmid and water to bring the final volume to 20 µl. TEXT OVERLAY: 5 µl positive control, total DNA mass 1800 ng, total volume 20 µl.
2.8. Next, prepare 3 DNA mixes to test for homodimerization of a protein of interest, X.  For each DNA mix combine 5 µl of the relevant pLuc construct and 5 µl of the pYFP construct, adding filler plasmid and water. 
2.8.1. MED:  Talent works at bench to prepare the 3 DNA mixes in 3 separate labeled tubes.  Match action in next shot.  TEXT overlay:  5 µl pLuc, 5 µl pYFP, total DNA mass 1800 ng, total volume: 20 µl
2.8.2. CU:  Labeled tubes as talent prepares the 3 DNA mixes for homodimerization.Three prepared DNA mixes.
2.9. Then, prepare DNA mixes to test for an interaction between a pair of proteins of interest, X and Y.  For each DNA mix combine 5 µl of the relevant pLuc construct and 5 µl of the pYFP construct, along with filler plasmid and water. 
2.9.1. MED-over the shoulder:  Labeled tube as talent combines 5 µl of the relevant pLuc construct and 5 µl of the pYFP construct.  Use labeled tubes.  Then talent adds filler plasmid and water to the labeled tubes.  Match action in next shot.  TEXT overlay: 5 µl pLuc, 5 µl pYFP,  total DNA mass: 1800 ng, total volume: 20 µl
2.9.2. CU:  Labeled tubes as talent prepares the DNA mixes to test for X-Y interaction.Six prepared DNA mixes.
3. Transfection
3.1. Harvest subconfluent HEK293 cells from a 75 square centimeter flask.  Dilute 10% of the total cells into 13 ml of culture medium.  Then, dispense 130 µl of cell suspension into each well of a white, clear-bottomed 96-well tissue culture plate before culturing the cells for 24 hours.
3.1.1. MED:  Talent at hood harvests the subconfluent HEK293 cells from a 75 square centimeter flask.
3.1.2. CU:  Tube as talent dilutes 10% of the total cells into 13 ml of culture medium.  
3.1.3. CU-MED-over the shoulder:  White clear bottomed 96-well tissue culture plate as talent dispenses 130 µl of cell suspension into each well.
3.2. Next, calculate the number of wells to be transfected by multiplying the number of DNA mixes by 3.  
3.2.1. CU:  Lab notebook as talent calculates the number of wells to be transfected by multiplying the number of DNA mixes by 3.  
3.3. Prepare a master mix containing 6.3 µl of room-temperature serum-free medium and 0.18 µl of transfection reagent per well.  Mix by vortexing before incubating at room temperature for 5 minutes. 
3.3.1. MED:  Talent prepares the master mix by pipetting in the serum-free medium and transfection reagent in a labeled tube.. 
3.3.2. CU-over the shoulder:  Talent mixes the tube by vortexing.
3.4. Then, dispense 20 µl of serum-free medium/transfection reagent master mix into the required number of tubes. Add 2 µl of the corresponding DNA mix into each tube. Incubate at room temperature for 10 minutes.
3.4.1. CU: Talent dispenses 20 µl of mastermix into 1.5 ml tubes.
3.4.1a  CU:  Talent adds 2 µl of each DNA mix to the corresponding master mix. 20 µl of serum-free medium/transfection reagent master mix.  
3.4.2. MED-over the shoulder:  Talent starts a timer to count down from 10 minutes and sets next to the transfection mixes.
3.5. Finally, transfect three wells with each transfection mix, dispensing 6.5 µl of transfection mix per well, before culturing the cells for a further 36 to 48 hours. 
3.5.1. CU:  Plate as talent transfects three wells with each transfection mix, pipetting 6.5 µl of transfection mix per well.
4. Measurement of BRET signal
4.1. To measure the BRET (pronounced “Brett”) signal, first dissolve live-cell luciferase substrate at 34 mg per milliliter in DMSO by vortexing.
4.1.1. CU-MED-over the shoulder:  Talent vortexes the live cell luciferase substrate in DMSO.
4.2. Dilute reconstituted live-cell luciferase substrate at 1 to 1000 in substrate dilution medium pre-warmed to 37 °C.  Allow 50 µl of substrate dilution medium per well.  Vortex to mix.  A precipitate may form, but will not interfere with the assay. 
4.2.1. MED:  Talent dilutes reconstituted live-cell luciferase substrate at 1 to 1000 in substrate dilution medium at the appropriate volume.  
4.2.2. CU:  Tube as talent finishes vortexing and displays to camera showing the precipitate.
4.3. Aspirate the culture medium from the 96-well plate.  Dispense 50 µl of diluted live-cell luciferase substrate into each well.  
4.3.1. MED-over the shoulder:  96-well plate as talent aspirates the culture medium from it.
4.3.2. CU:  Plate as talent dispenses 50 µl of diluted live-cell luciferase substrate into each well.  
4.4. After culturing the cells for at least 2 hours, remove the lid from the 96-well plate and incubate the plate for 10 minutes at room temperature inside the luminometer. 
4.4.1. MED-over the shoulder:  Plate as talent removes the lid from the plate and places it into the luminometer.
4.5. Measure emission from Luciferase and YFP one well at a time according to the details in the text protocol.  Integrate emission signals over 10 seconds.  
4.5.1. SCREEN: Talent programs software to measure emission from luciferase and YFP.MED-over the shoulder:  Screen as talent measures the emission from Luciferase and YFP one well at a time.
4.5.2. CU:  Screen as talent integrates the emission signals over 10 seconds.
5. Results: Assessing FOXP2 protein-protein interactions using BRET
5.1. Members of the FOXP (pronounced “Fox-P”) family of transcriptional repressors play a role in brain development; mutations have been implicated in speech and autism spectrum disorders.  
5.1.1. Title Card
5.2. To validate the BRET assay for the detection of FOXP2 (pronounced “Fox-P-2”) homodimers, cells were transfected with constructs for expression of luciferase as the donor… or YFP as the acceptor… fused to either FOXP2… or a nuclear localization signal. 
5.2.1. LAB MEDIA: Figure 4A.  Editors, please highlight the word “donor” as “for expression of luciferase as the donor” is narrated.  Then highlight the word “YFP” as “or YFP as the acceptor” is narrated.  Then highlight the 4 “P2” labels as “FOXP2” is narrated and the 4 “-“ labels as “a nuclear localization signal” is narrated.
5.3. The nuclear-targeted luciferase and YFP proteins serve as negative controls.  
5.3.1. LAB MEDIA: Figure 4A.  Editors, please bring in a downward pointing arrow over the first, third, and fourth bar as this point is narrated.
5.4. As a positive control for detection of a BRET signal, cells were also transfected with a construct for expression of a luciferase-YFP fusion protein. 
5.4.1. LAB MEDIA: Figure 4A.  Editors, please bring in a downward pointing arrow over the second bar as this point is narrated.
5.5. FOXP2 is known to form homo- or heterodimers with other FOXP family members, therefore FOXP2 homodimerization was used to validate the BRET assay.
5.5.1. LAB MEDIA: Figure 4A.  Editors, please bring in a downward pointing arrow over the last bar as this point is narrated.
5.6. Fluorescence microscopy images of cells transfected with YFP fused to a nuclear localization signal… or with YFP fused to FOXP2 are shown here.
5.6.1. LAB MEDIA: Figure 4B.  Editors, please outline-highlight the left panel as the first part of the sentence is narrated and then do the same for the right panel as the second part of the sentence is narrated.
5.7. The specificity of the interaction was demonstrated by introducing a mutation into FOXP2 which is known to disrupt homo- and heterodimerization.
5.7.1. LAB MEDIA:  Figure 5A.  Editors, please highlight “ΔE400” as this point is narrated.
5.8. When Luciferase-Fox-P-2.delta-E-400 and YFP-FOXP2 fusion proteins were co-expressed, a reduction in the BRET signal was observed compared to when Luciferase-FOXP2 and YFP-FOXP2 were co-expressed. 
5.8.1. LAB MEDIA:  Figure 5B.  Editors, please bring in a downward pointing arrow over the last bar as “When Luc-FOXP2.E400 and YFP-FOXP2 fusion proteins were co-expressed, a reduction in the BRET signal was observed” is narrated.  Then bring in a downward pointing arrow over the 3rd bar as “compared to when Luc-FOXP2 and YFP-FOXP2 were co-expressed” is narrated.
5.9. This signal reduction was not due to an alteration in the subcellular localization of the mutant protein.
5.9.1. LAB MEDIA:  Figure 5C
5.10. To assess the effectiveness of the BRET assay in detecting heterotypic interactions, the interaction of FOXP2 with FOXP1 was tested.  A BRET signal was observed in both possible configurations of the assay.  
5.10.1. LAB MEDIA:  Figure 6.  Editors, please bring in a downward pointing arrow over the third and last bar as this point is narrated.
5.11. In addition, the suitability of the BRET assay for detecting interaction of FOXP2 with non-FOXP proteins was tested by examining the interaction with CtBP1 (pronounced as “C-T-B-P-1”), a transcriptional co-repressor and known FOXP2 interaction partner.  
5.11.1. LAB MEDIA:  Figure 7.
5.12. The FOXP2-CtBP1 interaction was detected by the BRET assay when FOXP2 was the donor fusion protein and CtBP1 was the acceptor… but not in the reverse configuration.
5.12.1. LAB MEDIA:  Figure 7.  Editors, please zoom into the top portion of this figure.  Then, bring in a downward pointing arrow over the third bar as the first part of this sentence is narrated.  Next, bring in a downward pointing arrow over the last bar as “but not in the reverse configuration” is narrated.
5.13. The interaction between FOXP2 and CtBP1 was observed even though only a minor proportion of CtBP1 was localized to the nucleus, highlighting the sensitivity of this assay. 
5.13.1. LAB MEDIA:  Figure 7.  Editors, staying zoomed in, please slide down to the bottom half of this figure.
5.14. Finally, the BRET assay was employed to examine the effects of pathogenic mutations in FOXP2 on protein-protein interactions. Two point mutations in FOXP2 have been reported to cause a rare autosomal dominant disorder affecting speech and language. 
5.14.1. LAB MEDIA:  Figure 8A.  Editors, please highlight R328X and R553H as this point is narrated.
5.15. The ability of the mutant proteins to dimerize with wild-type FOXP2 was assessed using the BRET assay.  The R328X, but not the R553H mutation, disrupts dimerization. The results using wild-type FOXP2 as a donor and mutant FOXP2 as the acceptor are shown. The same results were observed for the reverse configuration. 
5.15.1. LAB MEDIA:  Figure 8B.  Editors, please bring in a downward pointing arrow over the third and last bar as this point is narrated.
5.16. The R328X mutation results in an encoded protein that lacks the leucine zipper dimerization domain and the DNA-binding domain, and shows some cytoplasmic mislocalization.
5.16.1. LAB MEDIA:  Figure 8C.  Editors, please outline-highlight the right panel as this point is narrated.

6. Conclusion (said by authors on camera)

Change order to: 6.3, followed by 6.2, followed by 6.1.
6.1. Sarah Graham: Following this procedure, additional techniques can be performed to assay the activity of your protein of interest, in order to assess the functional consequences of an observed protein-protein interaction.
6.1.1. MED:  Sarah speaks toward camera, interview style.
6.2. Simon Fisher: This technique paved the way for researchers in the field of cell biology to explore protein-protein interactions in live cells.
6.2.1. MED:  Simon speaks toward camera, interview style.
6.3. Pelagia Deriziotis: After watching this video, you should have a good understanding of how to apply the BRET assay to monitor protein-protein interactions.
6.3.1. MED:  Pelagia speaks toward camera, interview style.
       

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.

Schematic.pptx
Figure 4A – Authors, please provide a separate version of figure 4A and remove the A label for the video.    
Figure 4B – Authors, please provide a separate version of figure 4B and remove the B label for the video.    
Figure 5A – Authors, please provide a separate version of figure 5A and remove the A label for the video.    
Figure 5B – Authors, please provide a separate version of figure 5B and remove the B label for the video.  
Figure 5C – Authors, please provide a separate version of figure 5C and remove the C label for the video.  
Figure 6 – Authors, please provide a version of figure 6 with the A and B label removed for the video.  
Figure 7 – Authors, please provide a version of figure 7 with the A and B label removed for the video.  
Figure 8A – Authors, please provide a separate version of figure 8A and remove the A label.  
Figure 8B – Authors, please provide a separate version of figure 8B and remove the B label.  
Figure 8C – Authors, please provide a separate version of figure 8C and remove the C label.  
2.1.1b.tif 
4.5.1 and 4.5.2.mp4 (use from 00:37 to 01:05)
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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.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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