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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/A
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.

2. Does your protocol include software usage? (Y/N) Yes, but not extensively.
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.)
Steps 4.3, 4.4, 4.5, and 4.6 are the most important for viewers to watch.
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.)

5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Huizhou Fan: Protein-protein interaction in transcription has been traditionally studied using pulldown assays. However, pulldown assays are poorly quantitative. We use biolayer interferometry, or BLI, to overcome this problem [1]. 

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

1.2. Huizhou Fan: Compared to pulldown, BLI detects real-time association and dissociation between binding partners. It also generates quantitative kinetic parameters, which are indicative of interaction mechanisms [1]. 

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

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Rong Di: The BLI technology may sound intimidating, but is not difficult to learn. Nonetheless, to use this technology, one has to have access to a BLI instrument and associated software [1]. 

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

1.4. Malhar Desai: This video will enable you to easily adapt to the BLI technology [1]. 

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






Section - Protocol
Video-editors, please use the zoom bubble to highlight the action being performed on the screen capture movies whenever helpful for viewer clarity.
2. Biosensor Hydration and Assay Set-Up
2.1. Approximately 10 minutes prior to the start of an assay, pipette 200 microliters of the BLI buffer into a PCR tube [1-TXT]. Remove a nickel-NTA-biosensor from the original packaging by holding the wide portion of the biosensor using a gloved hand [2]. 
2.1.1. Talent pipettes 200 microliters of BLI buffer. Use labeled containers whenever possible for viewer clarity. TEXT: BLI: Biolayer Interferometry
2.1.2. Talent removes a Ni-NTA-biosensor from the original packaging by holding the wide portion of the biosensor using a gloved hand.
2.2. Place the biosensor over the PCR-tube such that only the glass tip of the biosensor is submerged in the BLI buffer [1]. Keep the biosensor tip submerged for at least 10 minutes to ensure full hydration [2].
2.2.1. Biosensor as talent places it over the PCR-tube such that only the glass tip of the biosensor is submerged in the BLI buffer.
2.2.2. Talent starts an adjacent timer to count down from 10 minutes.
2.3. Turn on the BLItz (blits) machine [1]. Ensure that the machine is connected to the computer through a USB data output port at the back of the machine [2]. 
2.3.1. Talent turns on the BLItz machine.
2.3.2. USB data output port as talent ensures that it is connected.
2.4. On the computer, open the associated software, and click on Advanced Kinetics on the left-hand side of the screen [1].
2.4.1. SCREEN: To be provided by the authors - Screen capture movie as talent opens the associated software and clicks on Advanced Kinetics on the left-hand side of the screen. Authors, please upload this screen capture to your project page.
2.5. On the software, type out all appropriate information about the experiment under each respective heading. Click on Biosensor Type and choose Nickel-NTA from the drop-down menu [1].
2.5.1. SCREEN: To be provided by the authors - Screen capture movie as talent types out the Experiment Name, Description, Sample ID, and Protein Concentration under each respective heading. Talent clicks on Biosensor Type and chooses Ni-NTA from the drop-down menu. Authors, please upload this screen capture to your project page.
2.6. The duration of each step can be changed from default as needed. For optimal results, use a minimum of 30 seconds for Initial Baseline and Baseline; and 120 seconds for Association and Dissociation [1]. 
2.6.1. SCREEN: To be provided by the authors - Screen capture movie as talent types in the Initial Baseline and Baseline. Then talent types in 120 seconds for Association and Dissociation. Authors, please upload this screen capture to your project page.
2.7. Remove the hydrated Nickel-NTA-biosensor from the PCR tube and affix it to the biosensor mount on the machine by sliding the wide portion of the biosensor onto the mount [1].
2.7.1. Biosensor as talent affixes it to the biosensor mount on the machine by sliding the wide portion of the biosensor onto the mount. 
2.8. Place a 0.5 milliliter black microcentrifuge tube into the tube holder of the machine and pipette 400 microliters of the BLI buffer into it [1]. Close the cover of the machine such that the biosensor tip becomes submerged in the buffer in the microcentrifuge tube [2].
2.8.1. Tube holder of machine as talent places the black microcentrifuge tube there and pipettes 400 microliters of the BLI buffer into it.
2.8.2. Tube as talent closes the cover such that the biosensor tip becomes submerged in the buffer in the tube.
2.9. Click Next on the software to begin recording the Initial Baseline [1].
2.9.1. SCREEN: To be provided by the authors - Screen capture movie as talent clicks Next on the software to begin recording the Initial Baseline. Authors, please upload this screen capture to your project page.
3. Loading of Ligand onto Biosensor and Washing Away Additional Ligand
3.1. After the Initial Baseline step has finished recording, open the cover of the machine [1]. Move the slider to the right such that the drop holder is situated in front of the black arrow [2].
3.1.1. Talent opens the cover of the machine.
3.1.2. Black arrow/slider in machine as talent moves the slider to the right so that the drop holder is in front of the black arrow. 
3.2. Pipette 4 microliters of a dialyzed His (hiss)-tagged ligand onto the drop holder and close the cover of the machine [1-TXT]. On the software, click Next to begin loading [2]. The machine and software will automatically begin recording the Loading step.
3.2.1. Drop holder as talent pipettes 4 microliters of the ligand there and closes the cover of the machine. TEXT: See text for preparation of proteins
3.2.2. Talent clicks Next to begin Loading.
3.3. After the loading step has finished recording, open the cover of the machine [1]. Move the slider to the left such that the tube holder is once again situated in front of the black arrow [2].
3.3.1. Talent opens the cover of the machine.
3.3.2.  Black arrow/slider in machine as talent moves the slider to the left so that the tube holder is in front of the black arrow.
3.4. Close the lid of the machine and ensure that the biosensor tip is submerged into the BLI buffer of the tube in the tube holder [1]. Click Next once again on the software to begin recording the Baseline [2]. The machine and software will automatically begin recording the Baseline step.
3.4.1. Machine as talent closes the lid and ensures that the biosensor tip is submerged into the BLI buffer of the tube in the tube holder.
3.4.2. Talent clicks Next on the software to begin recording the Baseline.
4. Association of Analyte to Ligand and Dissociation of Analyte from Ligand
4.1. After the Baseline step has finished recording, open the cover of the machine [1]. Remove the drop holder and clean it by pipetting out any protein and rinsing it with double-deionized water for a total of 5 times [2].
4.1.1. Talent opens the cover of the machine and motions to remove the drop holder.
4.1.2. Drop holder as talent cleans it by pipetting out any protein and rinsing it with double-deionized water. 	
4.2. Use a tissue wipe to clean the surface of the drop holder after the wash [1]. Replace the drop holder back onto the machine [2]. Move the slider on the machine to the right such that the drop holder is once again situated in front of the black arrow [3].
4.2.1. Drop holder as talent uses a tissue wipe to clean the surface of the drop holder.
4.2.2. Talent removes places the drop holder back onto the machine.
4.2.3. Machine as talent moves the slider to the right so the drop holder is in front of the black arrow.
4.3. Pipette 4 microliters of a dialyzed analyte onto the drop holder and close the cover of the machine [1]. On the software, click Next to begin Association [2]. The machine and software will automatically begin recording the Association step.
4.3.1. Drop holder as talent pipettes 4 microliters of the dialyzed analyte onto the drop holder and closes the cover of the machine. Videographer, the authors consider this an important step for filming.
4.3.2. SCREEN: To be provided by the authors - Screen capture movie as talent clicks Next on the software to begin Association. Authors, please upload this screen capture to your project page.
4.4. After the Association step has finished recording, open the cover of the machine. and mMove the slider on the machine to the right such that the tube holder is once again situated in front of the black arrow and c [1]. lose the cover of the machine [1]. On the software, click Next to begin Dissociation [2]. The machine and software will automatically begin recording the Disassociation step.
4.4.1. Machine as talent opens the cover. Talent  and moves the slider to the right so that the tube holder is situated in front of the black arrow and closes the cover of the machine. Videographer, the authors consider this an important step for filming.
4.4.2. Talent clicks next on software to begin Dissociation. Videographer, the authors consider this an important step for filming.
4.5. After the Dissociation step has finished recording, open the cover of the machine and remove the drop holder and tube holder [1]. Thoroughly rinse both with double-deionized water to wash away any protein [2]. Remove the biosensor and discard it safely [3].
4.5.1. Talent opens the cover of the machine and removes the drop holder and tube holder. Videographer, the authors consider this an important step for filming.
4.5.2. Talent rinses the drop holder and the tube holder with double-deionized water. Videographer, the authors consider this an important step for filming.
4.5.3. Biosensor as talent removes it and disposes it safely. Videographer, the authors consider this an important step for filming.
4.6. Repeat these steps for the same ligand-analyte pair using different analyte concentrations [1].
4.6.1. WIDE: Talent continues to work at the machine, appearing to perform more measurements. Videographer, the authors consider this an important step for filming.
4.7. Once all runs have finished, save the data on the software by clicking File and then Save Experiment As on the left side of the screen. Under the Run Data heading, select Step Correction and Fitting one-to-one and click Analyze to generate kinetic data [1]. 
4.7.1. SCREEN: To be provided by the authors - Screen capture movie as talent saves the data on the software by clicking File and then Save Experiment As on the left side of the screen. Under the Run Data heading, talent selects Step Correction and Fitting (1:1) and clicks Analyze to generate kinetic data. Authors, please upload this screen capture to your project page.
4.8. To extract the quantitative data into a worksheet and generate graphs, click on Export to CSV and save the recorded data as a csv file. Open the csv file using spreadsheet software [1]. 
4.8.1. SCREEN: To be provided by the authors - Screen capture movie as talent clicks on Export to CSV and saves the recorded data as a .csv file. Talent opens the .csv file using spreadsheet software. Authors, please upload this screen capture to your project page.





Section – Results
5. Results: A 28 Amino Acid Middle Region of GrgA Binds σ28 In Vitro 
5.1. Full length GrgA (greg A) is made of 288 amino acids. As shown here, a 28 amino-acid middle region binds σ28 (sigma twenty-eight) directly [1]. 
5.1.1. LAB MEDIA: Fig 1 (1).eps 
5.2. Here, the middle region tagged with an N-terminal His-tag was used as the ligand, which was first immobilized to the tip of a Nickel-NTA biosensor [1].  
5.2.1. LAB MEDIA: Fig 1 (1).eps – Video editors, please zoom into the top panel and emphasize the arrow and corresponding “Ligand added” label.
5.3. Recordings of experiments with three different analyte concentrations, starting 30 seconds prior to ligand binding and ending 2 minutes after the beginning of wash, are shown [1].
5.3.1.  LAB MEDIA: Fig 1 (1).eps – Video editors, staying zoomed into the top panel, emphasize the three different analyte concentrations in the legend.
5.4. Enhanced visualization of ligand-analyte association and dissociation is shown following removal of values in the first two stages and resetting of the baseline [1].
5.4.1. LAB MEDIA: Fig 1 (1).eps – Video editors, staying zoomed in, please slide down to the bottom panel. 
5.5. After washing unbound NH-GrgA138-165 (N-terminal his-tagged Greg A one thirty-eight to one sixty-five) off the biosensor, real-time association with the analyte was recorded following the addition of σ28 [1]. 
5.5.1. LAB MEDIA: Fig 1 (1).eps – Video editors, staying zoomed into the bottom panel, emphasize the portion of the plot between “Analyte added” and “Wash” and also emphasize the “Analyte added” label. 
5.6. Finally, the real-time dissociation was recorded following the wash [1]. 
5.6.1. LAB MEDIA: Fig 1 (1).eps – Video editors, staying zoomed into the bottom panel, emphasize the portion of the plot after “Wash” and also emphasize the “Wash” label.



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Malhar Desai: Before BLI assays, glycerol is removed from ligands and analytes. We recommend that BLI be performed soon after dialysis as discussed in the text [1]. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
6.2. Malhar Desai: After characterizing protein-protein interaction in transcription with BLI, one can investigate how the interaction affects transcription initiation, elongation, and/or termination [1]. 

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
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