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Author Questionnaire:

1. 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
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.
Not necessary
2. Does your protocol include software usage? (Y/N)
Y, we will use the software in the video, but only for a very short time. 
A detailed description of the software is available at:
https://github.com/GeneCenterMunich/HiP-FA

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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
3.3, 3.4, 3.5, 4.3 and 4.4.
4. 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.)
3.4. The most critical step is the accurate pipetting of the solutions within the wells of the plate, especially because the gel at 35°C is a viscous solution.
5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? About 10m


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: 

1.1. Christophe Jung: To improve the quantitative understanding of transcription factor-DNA binding, we developed a method to determine binding affinities at large scale using fluorescence anisotropy measurements [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Christophe Jung: This technique allows obtaining automatically full titration curves to determine dissociation constants with high sensitivity. The method works directly in solution at equilibrium, has a medium throughput and a large dynamical range [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: 

1.3. Max Schnepf: We applied HiP-FA to refine the binding affinity landscape of transcription factors. However, the protocol could be adapted to measure other types of binding interactions like protein-protein or drug-protein interactions for example [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Max Schnepf: I advise to first perform multiple titrations of the same binding partners to obtain an estimation of the reproducibility of the measurements. If available, use an automated system for even better reproducibility [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.





Section - Protocol
2. Oligomer Annealing
2.1. To anneal the DNA oligomers of the reference DNA, mix 7 microliters of each 10-milimolar dye-labeled forward and unlabeled reverse strand in one tube [1]. 
2.1.1. MED: Talent pipettes both DNA solutions into a tube. 
2.2. For the competitor DNA, mix 20 microliters of each 100-milimolar unlabeled strand in in wells of a 96-well PCR plate [1] [2]. 
2.2.1. MED: Talent pipettes both DNA solutions into a tube the 96-well PCR plate. 
2.2.2. [Added shot]: MED: Talent transfers solution of the tube prepared in 2.1.1 into two wells of the 96-well PCR plate. [Note to the video editor]: Author added this shot, I am not sure how it is slated. 
2.3. Then, use a standard PCR machine to heat up the DNA solutions to 70 degrees Celsius for 3 minutes, and then reduce to room temperature at the rate of 0.1 degree Celsius per second [1-TXT]. 
2.3.1. MED: Talent does few actions to program the PCR machine. Then puts both tubes the 96-well PCR plate in the PCR machine. TEXT: See manuscript for alternative method Video editor: Show text overlay when VO says, “at the rate of 100 bases per second”.
3. Gel Preparation 
3.1. Use a microwave oven to melt 0.5 grams agarose in 100 milliliters binding buffer [1-TXT]. Add double-distilled water to adjust the final volume to compensate for possible evaporation [2]. Prepare 10 milliliters stock aliquots [3].
3.1.1. MED: Talent puts the flask containing agarose and the buffer in the microwave. TEXT: See manuscript for details. Video editor: Show text overlay when VO says, “binding buffer”.
3.1.2. MED: Talent does few actions to adjust the final volume. 
3.1.3. MED: Talent makes a few aliquots. 
3.2. To prepare the titration and calibration wells of a 96-well plate, transfer two gel stock aliquots to a 75 degrees Celsius incubator shaker [1-TXT]. 
3.2.1. MED: Talent transfers two gel stock aliquots to an incubator shaker. TEXT: See manuscript for 384-well plate Video editor: Show text overlay when VO says, “96-well plate”. 
3.3. For each titration well, add 1.4-nanomoles reference DNA, transcription factor protein at a final concentration of 20 to 60 nanomoles, 0.2-milimolar DTT (pronounced: “d-t-t”), and the binding buffer… to 240 microliters of the melted gel [1]. Mix thoroughly by inverting and shaking the tube [2-TXT]. 
3.3.1. CU: Talents uses a pipette to add the DNA, the protein, DTT, and the binding buffer to the melted gel stock.
3.3.2. CU: Talent inverts and shakes the tube a few times. TEXT: Do not vortex!
3.4. Then, slowly pipette 200 microliters per well of the DNA containing gel in the designated titration wells of a 96-well plate [1-TXT].
3.4.1. ECU: Talent uses a multichannel pipette to add the gel solution to a few wells of the 96-well plate. TEXT: # titration wells = # competitor sequences Video editor: Show text overlay when VO says, “designated titration wells”. 
3.5. For each calibration well, add 5-nanomoles Nile Blue dye to 240 microliters of the melted gel [1]. Avoiding air bubbles … slowly pipette 200 microliters of the dye containing gel solution in 5 to 6 wells of the 96-well plate [2].
3.5.1. CU: Talent uses a pipette to add the dye to the melted gel in a tube. 
3.5.2. ECU: Talents uses a pipette to add the gel solution slowly to a few wells. 
3.6. Place the gel on a perfectly horizontal surface and incubate for 10 minutes at room temperature [1], … and another 10 minutes at 4 degrees Celsius [2]. 
3.6.1. MED: Talent puts the gel containing 96-well plate on a horizontal surface at room temperature. Show a timer set to count down from 10 minutes in the shot.
3.6.2. MED: Talent puts the plate on a horizontal shelf of a fridge. Show a timer set to count down from 10 minutes in the shot. 
3.7. Use a multi-well plate reader to check the homogeneity of the gel height levels in different wells of the plate [1]. 
3.7.1. MED: Talent uses a multi-well plate reader machine to check the homogeneity of the gel height levels. 
4. Addition of the Competitor DNA Solution and Image Acquisition
4.1. To prepare the competitor DNA solution, first combine the labeled reference DNA, the protein and the 3-fold concentrated binding buffer [1-TXT]. Then, mix 20 microliters of this solution with 40 microliters of each of the annealed competitor DNA solutions [2]. 
4.1.1. MED: Talent uses a pipette to add the labelled DNA, the protein, and the binding buffer into an Eppendorf tube. TEXT: Labelled DNA and protein concentrations are 3 times higher than the gel stock solutions. 
4.1.2. MED: Talent uses a pipette to add both solutions to a 96-well PCR plate containing annealed DNA solutions.
4.2. For each calibration well, combine the appropriate amounts of one of the annealed competitor DNA solutions and the 3-fold concentrated binding buffer containing 15 millimolar Nile Blue dye solution [1-TXT] [2].
4.2.1. MED: Talent uses a pipette to add Nile Blue and binding buffer both solutions to a tube. TEXT: See manuscript for recommended amounts 
4.2.2. [Added shot]: MED: Talent uses a pipette to add the solutions to a 96-well PCR plate containing the annealed DNAs. [Note to the video editor]: Author added this shot, I am not sure how it is slated. 
4.3. Finally, add 50 microliters of the mixed competitor solutions on top of the gels as simultaneously as possible [1-TXT]. 
4.3.1. CU: Talent uses an electronic multichannel pipette to add the solutions on top of the gel wells. TEXT: See manuscript for 384-well plate
4.4. To begin image acquisition, place the 96-well plate on the microscope stage [1-TXT]. Then, take time series of z-stack images of wells until complete unbinding of the protein from the reference DNA [2-TXT].
4.4.1. MED: Talents places the 96-well plate on the microscope stage. TEXT: Avoid taking images too close to the well surface
4.4.2. SCREEN (to be provided by the authors): Show the screen of the microscope computer performing the measurements using the open-source Micromanager software. TEXT: Depends on the affinity and diffusivity of the competitor DNA Video editor: Show text overlay when VO says, “complete unbinding of the protein from the reference DNA”.
5. Competitive Titration Assay and the Fitting Procedure
5.1. Perform the titration assay according to the manuscript. Then, use HiP-FA (pronounced: “hi-p-f-a”), software to create titration curves for individual competitor sequences [1-TXT]. 
5.1.1. SCREEN (to be provided by the authors): Show a reconstructed titration curve. TEXT: For more details see the software’s 
5.2. Then, click the “Export” button to obtain the dissociation constant and concentration of the active protein in each titration well [1].  
5.2.1. SCREEN (to be provided by the authors): Click the “Export” button. Show the calculated dissociation constant and the protein concentration. 


[bookmark: _GoBack]OPTIONAL – Critical Step Statement:
5.3. Max Schnepf: Step 3.4. Take especially care of the pipetting of the gel solutions that are viscous. Inaccurate pipetting can lower the accuracy for the determination of the dissociation constants [1].
5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Section – Results
6. Results: Determining TF-DNA Binding Affinities Using Fluorescence Microscopy  
6.1. In this study, HiP-FA method is applied to determine the DNA binding preferences of a bZIP transcription factor, Giant, … from the fly segmentation gene network [1].
6.1.1. LAB MEDIA: Figure 4 Video Editor: Show the logo under “Replicate 3” section.
6.2. The high similarity of the PWMs (pronounced: “p-w-m”) for replicates that were prepared either manually or using automation techniques, demonstrates the high reproducibility of the HiP-FA method [1].
6.2.1. LAB MEDIA: Figure 4 Video Editor: Show both logos under “Automated preparation” and “manual preparation” sections, on the upper panel at the same time.
6.3. PWMs obtained by this method and other methods are overall similar [1]. However, significant deviations can be seen at positions 2 and 7 of the core motif where mutations can lead to either complete loss of binding or much stronger binding than previously measurements [2].
6.3.1.  LAB MEDIA: Figure 4 Video Editor: Show logos under “Replicate 1” section on the upper panel and both logos on the lower panel, under “DNase footprinting” and “Bacterial one-hybrid” sections at the same time.
6.3.2. LAB MEDIA: Figure 4 Video Editor: Show logos under “Replicate 1” section on the upper panel and both logos on the lower panel, under “DNase footprinting” and “Bacterial one-hybrid” sections at the same time. Emphasize the black and gray arrows at position 2 and 7 on the upper panel.



6.4. 

Section - Conclusion
7. Conclusion Interview Statements: 
7.1. Christophe Jung:  We used HiP-FA to generate refined maps for the binding specificities of tens of Drosophila transcription factors and we showed that the obtained PWMs improve the prediction of ChiP-Seq data [1]. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.2. Christophe Jung:  We believe that this method with its high accuracy can be very useful for a better understanding of TF-DNA binding in other systems and for other kind of binding interactions [1]. 

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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