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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y______  

Can you record movies/images using your own microscope camera? (Y/N)___Y______  

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)__Y______ 

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.) ___________________________________________
3.1; 3.2;4.2 and 4.5
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.) ___________________________
In Step 4.7.1 one needs to make sure that the acquisition (acquired movie) can be further employed for analysis (minimal bleaching).
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? _ _200 meters____A few meters away within the same building_____
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Sergi Padilla-Parra: This method can help answer key questions in the drug screening field, such as elucidating the effect of small molecule inhibitors on very low concentrations for protein-protein interactions [1-MED]. 
1.1.1. Sergi speaks towards the camera (looking just off-camera), interview style.

1.2. Sergi Padilla-Parra: The main advantage of this technique is that it is calibration free, can be implemented in any confocal microscope, and utilizes very small amounts of labeled proteins [1-MED].   
1.2.1. Sergi speaks towards the camera (looking just off-camera), interview style.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Sam Griffiths: The implications of this technique extend toward development of cancer drugs, small molecule inhibitors, and virus fusion inhibitors, because it provides quantitative information on protein-protein interactions [1-MED].  
1.3.1. Sam speaks towards the camera (looking just off-camera), interview style.
1.4. Luis Alvarez: Though this method can provide insight into protein interactions and aggregation in vitro, it can also be applied to other systems, such as live cell protein dynamics and cell-cell interactions [1-MED].
1.4.1. Luis speaks towards the camera (looking just off-camera), interview style.
1.5. Rory Nolan: Generally, individuals new to this method will struggle because of bleaching of the fluorescent fluctuation trace.  However, our novel automatic algorithm simplifies and solves this problem [1-MED].
1.5.1. Rory speaks towards the camera (looking just off-camera), interview style.
Authors, please feel free to remove Rory’s statement if he will not be participating.  Keep in mind that the optional statements are limited to one per author, not speaking in the required interview portion.  Since Sergi is speaking in the required interview portion, he cannot also say the optional interview statements.  

Protocol: (read by voice talent at JoVE)
2. FKBP12F36V-mVenus Purification
2.1. To begin, transform pLysS (pronounced as “P-lyse-S”) cells with a pET22b (pronounced as P-E-T-22-b”) vector containing monomerized human FKBP12 (pronounced as F – K – B – P – twelve) and N-terminal His6 and mVenus tags [1-MED].
2.1.1. Talent adds the DNA to the cells. Use labeled containers.  
2.2. After growing the cells overnight, plate them onto LB agar, supplemented with antibiotics [1-CU-TXT].  
2.2.1. LB agar plates as talent plates the cells there.  TEXT Overlay: See text for antibiotics
2.3. Transfer the transformed colonies into a 100 milliliter LB starter culture and grow for 16 to 20 hours at 37 degrees Celsius with shaking [1-MED-over the shoulder].
2.3.1. Talent places the started culture into the incubator and starts it shaking.
2.4. Following incubation, dilute the dense starter culture 1 to 100 in LB medium in two, 500 milliliter batches [1-CU].  Then, grow for 2 to 3 hours to an optical density at 600 nanometers of 0.6 to 0.8 [2-MED-over the shoulder-TXT].
2.4.1. Two flasks as talent dilutes the started culture there.
2.4.2. Talent measures the OD600 to show it is between 0.6 and 0.8.  TEXT Overlay: Grow at 37 °C, 200 rpm
2.5. After cooling the cultures on ice, induce protein production with 250 microMolar IPTG [1-CU].  Grow the cultures for 16 to 20 hours at 21 degrees Celsius and 200 rpm [2-MED].  Then, harvest cells by centrifugation at 2000 x g for 20 minutes [3-MED-over the shoulder].
2.5.1. Culture on ice as talent adds 250 microMolar IPTG.
2.5.2. Talent places the cultures at 21 degrees Celsius and starts them growing.
2.5.3. Talent places the cells into the centrifuge, shuts lid and starts run.
2.6. Remove the supernatant and resuspend the pellet in 40 milliliters of IMAC buffer A supplemented with EDTA-free protease inhibitors [1-CU-TXT].
2.6.1. Centrifuge container as talent removes the supernatant and resuspends the pellet in 40 mL of IMAC buffer A with inhibitors.  Used labeled containers.  TEXT Overlay: See text for buffer recipes
2.7. Now, sonicate the cells at 500 Watts, 20 kiloHertz, and 40% amplitude, at 9 seconds on, 11 seconds off, for 15 minutes on ice [1-MED-over the shoulder].  Following sonication, harvest the soluble material by centrifugation at 20,000 x g [2-MED].
2.7.1. Talent sonicates the cells.
2.7.2. Talent places the sonicated cells into the incubator.
2.8. Transfer soluble lysate to a conical flask and add 2 milliliters of TALON resin [1-CU]. Allow the suspension to incubate for 1 hour with 105 rpm rotation [2-MED-over the shoulder].
2.8.1. Conical flask as talent transfers the soluble lysate there and adds 2 milliliters of TALON resin.
2.8.2. Talent leaves the suspension to incubate for 1 hour with 105 rpm rotation. 
2.9. Now, harvest the resin and wash it with 250 milliliters of IMAC buffer A followed by 500 milliliters of IMAC buffer B [1-MED].  Elute His6-tagged protein using IMAC buffer C [2-CU]. 
2.9.1. Talent washes the resin with buffer.  Use labeled containers and include all the IMAC buffers in view.
2.9.2. Resin as talent adds IMAC buffer C from a labeled container.
2.10. Inject the eluate onto a pre-equilibrated size exclusion column and collect the FKBP12 peak, which elutes at approximately 87.7 milliliters [1-MED-over the shoulder-TXT].
2.10.1. Talent injects the sample onto the size exclusion column.  TEXT Overlay:  See text for buffer 
2.11. Assess the purity of the protein via SDS-PAGE and pool and concentrate as required [1-MED].
2.11.1. Talent starts the SDS-PAGE gel running.
3. Preparation of Multiwell Plate Array
3.1. To set-up the multiwell plate array, first prepare a solution of 100 nanoMolar purified FKBP12 in the same buffer used for size exclusion chromatography [1-MED-over the shoulder].  Sonicate and centrifuge with a quick spin of 13,000 rpm to prevent the formation of aggregates [2-MED].
3.1.1. Talent prepares a 100 nM solution of purified FKBP12F36V in the same buffer used for size exclusion chromatography.  Use labeled containers.
3.1.2. Talent finishes up sonicating the diluted solution and motions to put the sample into the centrifuge.
3.2. Now, pipette 100 to 200 microliters of the diluted protein into an 8 well observation chamber with a glass bottom [1-CU].
3.2.1. 8-well observation chamber with a glass bottom as talent pipettes 100 to 200 microliters of the diluted protein there.
3.3. Add the BB dimerizer to final concentrations of 10, 20, 40, 80, 100, 150, 300, and 500 nanoMolar [1-MED-over the shoulder].
3.3.1. Talent adds the BB dimerizer to the wells from a labeled tube.
3.4. As a reference, prepare a solution of 100 nanoMolar mVenus alone to evaluate potential aggregation and precipitation effects, and to recover a brightness value for the monomer with the same acquisition settings [1-MED].
3.4.1. Talent prepares a solution of 100 nanoMolar mVenus.  Use labeled containers. 
4. Calibration-free Confocal Acquisition

4.1. Any light scanning microscope confocal system equipped with digital detectors or well-characterized analog detectors, and capable of keeping a constant dwell time for every pixel acquired, can be used [1-BROLL].
4.1.1. Footage of the confocal setup.
4.2. Set the excitation beam path by turning on the 514 nanometer laser and setting it at 20 to 100 nanoWatts Power at the exit of the objective [1-MED-over the shoulder].  Select the collar correction water immersion objective designed for fluorescence correlation spectroscopy [2-CU]. 
4.2.1. Talent sets the excitation beam path by turning on the 514 nanometer laser and setting it at 20 to 100 nW Power at the exit of the objective. (2nd Step)
4.2.2. Objective as talent moves it into place. ( 1st Step)

4.3. Turn on one HyD detector.  Detectors capable of photon-counting are preferable [1-MED-TXT].  
4.3.1. Talent turns on one HyD detector.  TEXT Overlay: Calculation of S, offset and (02 are unnecessary (3rd Step – [SCREEN])
4.4. Select the emission window from 520 to 560 nanometers.  Set the pinhole at 1 Airy unit for the corresponding emission of approximately 545 nanometers.  For the acquisition mode, use 16 by 16 pixels [1-SCREEN]. (4th step)
4.4.1. 58157_Padilla-Parra_SCREEN_4.4.1: Screen capture movie as talent selects the emission window from 520 to 560 nanometers.  Set the pinhole at 1 Airy unit for the corresponding emission of approximately 545 nanometers.(This is part of a latter step and is shown separately later after 4.5.1) For the acquisition mode, use 16 by 16 pixels. (4th step)
4.5. Set the pixel dwell time such that the frame time is longer than the protein diffusion and the pixel dwell time is much shorter.  This corresponded to setting the dwell time to approximately 13 microseconds for the system used in this demonstration [1-SCREEN]. (5th Step)
4.5.1. 58157_Padilla-Parra_SCREEN_4.5.1: Screen capture movie as talent sets the dwell time to approximately 13 microseconds. (5th step)
4.6. Now, set the pixel size at approximately 120 nanometers.  Select the xy-time acquisition mode and select the number of frames to be acquired per acquisition and well.  If the system is equipped with high-throughput mode, introduce the coordinates of each well and the number of acquisitions per well to automate the process [1-SCREEN].   

4.6.1. 58157_Padilla-Parra_SCREEN_4.6.1: Screen capture movie as talent sets the pixel size at approximately 120 nanometers.  Select the xy-time acquisition mode and select the number of frames to be acquired per acquisition and well. Then talent introduces the coordinates of each well and the number of acquisitions per well to automate the process in high-throughput mode.(This is a complete different setup – see Clip 2) (6th step)
4.6.2. Set the pinhole at 1 Airy unit for the corresponding emission of approximately 545 nanometers. (7th Step)
4.7. If the system is equipped with a perfusion system, load the BB solution and program the perfusion to start right-after the 5000th frame to evaluate the kinetics of dimerization while acquiring 10,000 images [1-SCREEN]. 

4.7.1. 58157_Padilla-Parra_SCREEN_4.7.1: Screen capture movie as talent programs the perfusion to start right-after the 5000th frame to evaluate the kinetics of dimerization while acquiring 10,000 images.
4.8. Now, add a drop of water to the collar correction water immersion objective [1-CU].  Mount the 8-well observation chamber into the stage [2-MED].
4.8.1. Objective as talent adds a drop of water there.
4.8.2. Talent mounts the 8-well observation chamber into the stage.  

4.9. Select the correct well and focus on the solution.  Then, start the acquisition and save the resulting stack of images in TIFF format [1-SCREEN-TXT].
4.9.1. 58157_Padilla-Parra_SCREEN_4.9.1: Screen capture movie as talent selects the correct well and focuses on the solution.  Then talent starts the acquisition and selects to save the resulting stack of images in TIFF format.  TEXT Overlay: See text for data analysis

5. Results: FKBP12 Dimerizes upon Addition of BB Dimerizer Drug
5.1. Sequences of 20,000 images of purified FKBP12-mVenus in 100 nanoMeter solution were acquired as specified in the protocol section [1-LM].  
5.1.1. 58157_Padilla-Parra_Figure3A – Authors, please provide a version of 3A alone without the “A” label.
5.2. The intensity of the first frame is shown together with the mean intensity profile of the detrended image [1-LM].  The brightness without… [2-LM] and with smooth filtering is also shown [3-LM].
5.2.1. 58157_Padilla-Parra_Figure3A – Video editors, please highlight the top row in the figure with the intensity image and time-plot.
5.2.2. 58157_Padilla-Parra_Figure3A – Video editors, please highlight the brightness image and adjacent plot on the bottom row and left side.
5.2.3. 58157_Padilla-Parra_Figure3A – Video editors, please highlight the Smoothed image and adjacent plot on the bottom row and right side.
5.3. After 10,000 frames were acquired, the homodimerizer drug BB was added to the solution while acquiring.  Each consecutive series of 5,000 frames was analyzed [1-LM]. 
5.3.1. 58157_Padilla-Parra_Figure3B – Authors, please provide a version of 3B alone without the “B” label. – Video editors, please highlight “BB addition” and arrow as narrated.
5.4. The mean brightness 5 minutes after BB addition was 1.010, which is a 2-fold increase, indicating a FKBP12 dimer [1-LM]. 
5.4.1. 58157_Padilla-Parra_Figure3B – Video editors, please highlight the red curve from 4 minutes to the end of the measurement (as noted on the x-axis).
5.5. The kinetics of the process shows a delay between BB addition and full FKBP12 dimerization of approximately 2 minutes [1-LM]. 
5.5.1. 58157_Padilla-Parra_Figure3B – Video editors, please highlight the red curve between 2 minutes and 4 minutes (as noted on the x-axis).
6. Conclusion (said by authors on camera)

6.1. Sergi Padilla-Parra: A key aspect to evaluate protein-protein interactions in vitro is the production and purification of your labeled protein.  Be sure you have small amounts of the labeled protein of interest and that your protein is not aggregating prior analysis [1-MED].
6.1.1. Sergi speaks towards the camera (looking just off-camera), interview style.
6.2. Sergi Padilla-Parra: Following this procedure, other methods like surface plasmon resonance or fluorescence correlation spectroscopy can be performed in order to answer additional questions like dissociation constants or diffusion coefficients [1-MED].

6.2.1. Sergi speaks towards the camera (looking just off-camera), interview style.
6.3. Sergi Padilla-Parra: After its development, this technique paved the way for researchers in the field of biophysics to explore in-detail protein interactions in live cells [1-MED].
6.3.1. Sergi speaks towards the camera (looking just off-camera), interview style.
6.4. Sergi Padilla-Parra: Don't forget that working with reagents for protein purification can be extremely hazardous and precautions such as safety glasses and gloves should always be taken while performing this procedure [1-MED].   
6.4.1. Sergi speaks towards the camera (looking just off-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.  

Authors, please upload the following files to: http://www.jove.com/files_upload.php?src=17737933
Please use the file-names listed here so that the video editors can easily find the files.

Thank you!

LAB MEDIA (LM):
58157_Padilla-Parra_Figure3A – Authors, please provide a version of 3A alone without the “A” label.
58157_Padilla-Parra_Figure3B – Authors, please provide a version of 3B alone without the “B” label.
SCREEN Capture Movies:
58157_Padilla-Parra_SCREEN_4.4.1: Screen capture movie as talent selects the emission window from 520 to 560 nanometers.  Set the pinhole at 1 Airy unit for the corresponding emission of approximately 545 nanometers.  For the acquisition mode, use 16 by 16 pixels.
58157_Padilla-Parra_SCREEN_4.5.1: Screen capture movie as talent sets the dwell time to approximately 13 microseconds. 
58157_Padilla-Parra_SCREEN_4.6.1: Screen capture movie as talent sets the pixel size at approximately 120 nanometers.  Select the xy-time acquisition mode and select the number of frames to be acquired per acquisition and well. Then talent introduces the coordinates of each well and the number of acquisitions per well to automate the process in high-throughput mode.
58157_Padilla-Parra_SCREEN_4.7.1: Screen capture movie as talent programs the perfusion to start right-after the 5000th frame to evaluate the kinetics of dimerization while acquiring 10,000 images.
58157_Padilla-Parra_SCREEN_4.9.1: Screen capture movie as talent selects the correct well and focuses on the solution.  Then talent starts the acquisition and selects to save the resulting stack of images in TIFF format.  
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.

�Most of this sequence is wrong. We have made 3 video clips with the different steps and have included an annotated video that explains each step (the 3 clips combined) and the corresponding number from this document (i.e. 4.2.1 etc) The video Editor should watch this as it would give him the actual sequence of events and it would allow him to either edit the bits as set here or fallow the more natural sequence found in the video. We have also provided the 3 Clips the 3 individual clips for use on the final edit.


�This is an automated process, the “talent” never touches the objective. We have a screen grab of the switch and there is additional footage of the movement. This has been followed by 4.8.1 & 4.8.2 that would happen here and not after 4.7


�We did not have a perfusion hence there is no corresponding screen grab for this. Instead there is footage of a manual injection in the middle of an acquisition.


In Clip 3 of the acquisition, there is a moment in the middle when there is suddenly more signal that later goes back to the mean intensity. This is due to the injection of the BB drug and the auto stabilisation of the microscope. This is the time point where the injection of the drug should be inserted.


�This has to happen before it was shot with footage of 4.2.2 


�Clip2 shows a multiwell navigation that corresponds to this and clip 3 has a complete acquisition so that it can be edited as needed for this.
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