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Authors, please check that the answers below are correct.

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)___Y_____ 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. 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. ___________________________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._____3.1.- 3.4. The keys to ensuring success are good planning; having sufficient unhindered time to run the experiment; and having a method for running the experiment that the experimenter knows. For a new user, having a “dry run” would probably be a good idea.
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? All within the same building, although probably on different floors for quiet office space. 


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
Video editor: graphics are in ‘51809_Conceptual summary.pptx’

The overall goal of this procedure is to estimate the dissociation constant for a protein-ligand interaction. (Intro) 

This is accomplished by first preparing mixtures of the protein with different concentrations of the ligand together with an indicator dye. (Video editor: show the 48-well plate with all the little circles in white first, then fill in the circles with the purple color, one 8-well row at a time, starting from the right) (P1)

The second step is to heat these samples whilst recording the fluorescence of the indicator, to monitor the unfolding of the protein. (Video editor: Please animate each colored line appearing one at a time, from left to right) (P2)

Next, the protein unfolding curves are converted to a series of melting temperatures. (Video editor: show ‘empty’ rectangle and then add the diamond-shaped data points) (P3)

The final step is to fit these data to an appropriate model to estimate the dissociation constant. [Video editor: using only the graph on the left; first show graph with only the white data points (WcbM), which should look like the P3 graph. Add the black line, and then add the green data points (Model) and connect them by the green line.  Next, remove the black line, the green data points and the green line, leaving only the white data points unconnected.  Using the graph on the right, connect the white data points with the new black line, add the unfilled green data points and connect them with the green line (Model).  There should be only one graph being shown. If the suggested animation is not feasible, just show the left graph first, then replace it with the right graph] (P4)

Ultimately, differential scanning fluorimetry is used to better understand the interaction of a protein with its ligands. (Video editor: show P5 cartoon)  (P5)






B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Nicholas Harmer: The main advantage of this technique over existing methods, like isothermal titration calorimetry and surface plasmon resonance, is that this method can be completed within a few hours, using only moderate quantities of sample, in an instrument that is available already in most institutes.   
1.2. Jennifer Littlechild: This method can help answer key questions in the protein chemistry field, such as the affinity of ligands for proteins, and the relative strength of interactions.  
1.3. Mirella Vivoli: Generally, individuals new to this method will struggle because the choice of samples to use, and analysis of the data, can both be difficult.


Protocol (read by voice talent at JoVE):

2. Determination of an approximate value for the dissociation constant

2.1. Prior to starting this procedure, prepare the following solutions:  a mixture containing the reagents detailed in this table (Table 1); and stocks of the ligand of interest at the highest available concentration, as well as six ten-fold dilutions of this concentration. If an approximate dissociation constant (Kd) (Pronounce “Kay-Dee”) is known from prior data, prepare at least two concentrations above and below the Kd. 

Shots:
2.1.1. MED and CU: Talent setting out pre-prepared reagents.
2.1.2. CU: A shot of the tube containing the mixture as detailed in Table 1. (Video editor: please show the tube and Table 1 side by side)
2.1.3. LAB MEDIA: Table 1.docx
2.1.4. CU: A shot of the stocks and dilutions of the ligand. (Video editor: please show the tubes of ligand and ‘51809_example table for step 2.1’ side by side)
2.1.5. LAB MEDIA: 51809_example table for step 2.1. docx

2.2. Aliquot 18 µL of the mixture into each of eight wells in a qPCR plate. Add 2 µL of solvent to the first well. To each of the remaining seven wells, add 2 l of each member of the ligand dilution series.

Shots:
2.2.1. MED and CU: Talent adding 18 µL of the mixture into each of eight wells in a qPCR plate.
2.2.2. CU: 2 µL of solvent being added to the first well.
2.2.3. CU: 2 l of each member of the ligand dilution series being added to the 7 wells.

2.3. Place a qPCR seal over the plate. To achieve a good seal of the plate, place a hand applicator in the middle of the plate. Smooth down the seal to one side, and then repeat on the other half of the plate.

Shots:
2.3.1. CU: Multiple takes from different angles of a qPCR seal being placed over the plate and a good seal achieved by putting the hand applicator in the middle of the plate, smoothing down the deal to one side, and then smoothing down the other side.  Shot will be repeated later.

2.4. Centrifuge the plate at 500 x g for two minutes to remove air bubbles. (TEXT: 500 x g; 2 min)

Shots:
2.4.1. MED and CU: Multiple takes from different angles of talent putting the plate into the centrifuge and starting the spin. Shot will be repeated later.

2.5. Next place the plate in a StepOne qPCR instrument.

Shots:
2.5.1. MED and CU: Multiple takes from different angles of talent putting the plate in a StepOne qPCR instrument. Shot will be repeated later.

2.6. Select the “Melt curve” option, the ROX (Pronounce “Rox”) filters, and choose the fast ramp speed.  (TEXT: Fast ramp speed = 2-min pause at 25°C; ramp to 99°C over 40 min; 2-min pause) Run a thermal denaturation.

Shots:
2.6.1. CU Over shoulder and MED: Talent setting the program.  
2.6.2. CU: Multiple takes from different angles of “start” or “run” button being pressed. Shot will be repeated later.

2.7. At the conclusion of the instrument run, click on the “Analyze” button on the screen. Save the result file.

Shots:
2.7.1. MED: Talent approaching the qPCR instrument.
2.7.2. CU: Talent clicking the “Analyze” button on the screen and then saving the results file. 

2.8. Open the Protein Thermal Shift software.

Shots:
2.8.1. MED: Multiple takes from different angles of talent at the computer opening the Protein Thermal Shift software. Shot will be repeated later.

2.9. Create a new study: in the properties tab, give it a name, and in the Conditions tab, detail the ligands.

Shots:
2.9.1. SCREEN: new study being created.

2.10. Move to the Experiment Files tab, and import the saved results file.  Set the contents of each well.

Shots:
2.10.1. SCREEN: 

2.11. Move to the Analysis tab, and press the “Analyze” button to analyze the results.

Shots:
2.11.1. SCREEN: 

2.12. Check that the protein in the presence of solvent alone gives a result similar to that shown in this figure. 

Shots:
2.12.1. LAB MEDIA: panel A of Fig1.png

2.13. Next, examine the melting temperatures observed in the results in the “replicate” pane. Ensure that this shows a clear increase in melting temperature with increasing ligand concentration.  These data will be used to provide an approximate value for the dissociation constant, as described in the accompanying paper.

Shots:
2.13.1. SCREEN:

3. Experimental set-up for determining the dissociation constant

3.1. These solutions are required for the procedure to determine the dissociation constant: a master mix as detailed in this table (Table 2); and stocks of the ligand at fifteen different concentrations, which will be diluted ten-fold in the final experiment. 

Shots:
3.1.1. MED: Talent setting out the prepared solutions.
3.1.2. CU: A shot of the tube of master mix. (Video editor: please show the tube and Table 2 side by side)
3.1.3. LAB MEDIA: Table 2.doc
3.1.4. CU: A shot of the tubes with different concentrations of the ligand. (Video editor: please show the tubes and the table in ‘51809_Example table for steps 3.1. and 3.2.docx’ side by side)
3.1.5. LAB MEDIA: 51809_Example table for steps 3.1. and 3.2.docx 

3.2. Ideally, include ligand concentrations at least two orders of magnitude above and below the estimated Kd, and center the concentrations on the estimated Kd. Focus on seven of the points within an order of magnitude of the estimated Kd, with another four points on either side of this; include more points at values that are saturating. 

Shots:
3.2.1. LAB MEDIA: 51809_Example table for steps 3.1. and 3.2.docx  (Video editor:  zoom in to the table and show only the table here)

3.3. Add 120 µL of the master mix to each of eight wells in a U-bottomed 96-well plate, to act as a reservoir for convenient dispensing of the master mix.  Then use an 8-channel pipette to dispense 18 µL of the master mix into one column of a PCR plate. Repeat for a further five columns, to give a total of 48 filled wells in a 6 x 8 pattern on the plate.

Shots:
3.3.1. MED and CU: Talent adding 120 µL of the master mix to each of eight wells in a U-bottomed 96-well plate.
3.3.2. CU and from above: An 8-channel pipette being used to dispense 18 µL of the master mix into one column of a PCR plate.
3.3.3. MED and from above: Talent pipetting master mix into remaining columns.
3.3.4. CU: A shot of the plate after 48 wells are filled.

3.4. Next add 20 µL of the ligand stocks, or the solvent, to each of 8 wells in another U-bottomed 96-well plate. Using an 8-channel pipette, aspirate 2 µL of eight different ligand stocks or solvents, and add these to one column of the PCR plate that was filled with the master mix. 

Shots:
3.4.1. MED CU: Talent adding 20 µL of the ligand stocks or the solvent to each of 8 wells in another U-bottomed 96-well plate.
3.4.2. CU: 8-channel pipette being used to aspirate 2 µL of eight different ligand stocks or solvent, which is then added to one column of the PCR plate that was filled with the master mix in step 3.3.

3.5. Repeat with the same eight ligand or solvent stocks for two further columns. Aspirate 2 L of the remaining eight ligand or solvent stocks, and add these to a fourth column in the plate. Repeat this for two further columns. This will give triplicate samples for all 16 ligand and solvent samples.

Shots:
3.5.1. MED: Talent filling up next two columns.
3.5.2. [combined with 3.5.1] MED: Talent adding 2 L of remaining eight ligand or solvent stocks to a fourth column in the plate, followed by the fifth and sixth column.

3.6. Place a qPCR seal over the plate. 

Shots:
3.6.1. [bookmark: _GoBack]Use shot from 2.3.1. CU: Multiple takes from different angles of a qPCR seal being placed over the plate and a good seal achieved by putting the hand applicator in the middle of the plate, smoothing down the deal to one side, and then smoothing down the other side.  

3.7. Centrifuge the plate at 500 x g for two minutes. (TEXT: 500 x g; 2 min)

Shots:
3.7.1. Use shot from 2.4.1. 

3.8. Place the plate in the qPCR instrument and run a thermal denaturation using the parameters specified earlier. 

Shots:
3.8.1. Use shot from 2.5.1.
3.8.2. Use shot from 2.6.2.

3.9. At the conclusion of the instrument run, click on the “Analyze” button on the screen. Save the result file.

Shots:
3.9.1. MED: Talent clicking on the “Analyze” button on the screen and then saving the result file. Use shots from 2.7.1 and 2.7.2. Multiple takes of these are available.

3.10. Open the Protein Thermal Shift software. Create a new study: in the properties tab, give this a name, and in the Conditions tab, detail the ligands.

Shots:
3.10.1. Use shot from 2.8.1.
3.10.2. SCREEN:

3.11. Move to the Experiment Files tab, import the saved results file (XXX.eds), and set the contents of each well.

Shots:
3.11.1. SCREEN:

3.12. Move to the Analysis tab, and press the “Analyze” button.

Shots:
3.12.1. SCREEN:

3.13. Choose the “Replicates” tab from the menu on the left hand side of the screen to show the results as triplicates. Assess the reliability of the data based on how tight the triplicates are. Should the triplicates show poor reproducibility, examine the raw data closely.

Shots:
3.13.1. SCREEN:

3.14. Analyze the data using both the Boltzmann or Derivative methods to assess the melting temperature. Select the “Replicate results” tab, and in the “Replicate results plot”, toggle the “Plot by:” button between “Tm – Boltzmann” and “Tm – Derivative”. Select the method that gives the greater reproducibility for the sample. For samples that show multiple transitions, it is almost always best to use the Derivative method in multiple melt mode. 

Shots:
3.14.1. SCREEN:

3.15. Export the results for further investigation with Excel using the Export tab.

Shots:
3.15.1. MED and over shoulder: Talent exporting the results.

4. Data analysis to determine the dissociation constant under thermal denaturation

4.1. Begin this analysis by creating a table in Excel of the ligand concentrations and the melting temperature.

Shots:
4.1.1. MED over shoulder: Talent at computer creating a table in Excel.
4.1.2. LAB MEDIA: 51809_Excel example for step 4.1.xlsx 

4.2. Open the GraphPad Prism software, and create an XY table. Enter the data, using the X column for the ligand concentrations and the Y column for melting temperature results.

Shots:
4.2.1. MED over shoulder: Talent opening GraphPad Prism.
4.2.2. SCREEN: Data being entered into X and Y columns.

4.3. In the Analysis tab, select the option to change analysis parameters.  To enter the correct model, select “New”, and “Create new equation”.  Insert the appropriate equation as “Single site ligand binding”.

Shots:
4.3.1. SCREEN: 
4.3.2. LAB MEDIA: panel C of Fig1.png (Video editor: may not need to be shown if this screen shot is included in the screen capture in 4.3.1.)

4.4. Select the “Rules for Initial Values” box, (Figure 1C) and enter rules for initial values. (left panel of Figure 1D) 

Shots:
4.4.1. SCREEN:
4.4.2. LAB MEDIA: panel C of Fig1.png and left panel of D of Fig1.png (Video editor: may not need to be shown if these screen shots are included in the screen capture in 4.4.1.)

4.5. Constrain the parameter P, as “Constant equal to” (right panel of Figure 1D). Enter the final concentration of protein.

Shots:
4.5.1. SCREEN:
4.5.2. LAB MEDIA: right panel of D from Fig1.png (Video editor: may not need to be shown if this screen shot is included in the screen capture in 4.5.1.)

4.6. Select “Analyze” to perform the analysis.

Shots:
4.6.1. MED CU and over shoulder: Talent selecting “OK Analyze”

4.7. Additional analyses to fit data to a cooperative model or to fit data to curves showing binary shifts in melting temperature are described in the accompanying protocol text. (TEXT:  Refer to protocol text for details of additional analyses)

Shots:
4.7.1. MED and over shoulder: General shot of talent at the computer performing additional analyses.


5. Results: differential scanning fluorimetry measures protein-ligand interactions

5.1. This method was used to measure the interaction of hexokinase with glucose. An initial screen suggests a likely Kd from 0.2-1.7 mM.  

Shots:
5.1.1. LAB MEDIA: panel A of Fig2.jpg

5.2. The results of a larger screen show a good fit to the model for a single binding event with a Kd of 1.2 ± 0.1 mM.

Shots:
5.2.1. LAB MEDIA: panel B of Fig2.jpg

5.3. The putative heptose-guanyl transferase, WcbM, shows a strong thermal shift on binding to GTP. An initial screen suggested a Kd of 200-500 µM.

Shots:
5.3.1. LAB MEDIA: panel A of Fig3.jpg

5.4. A detailed experiment suggests an apparent Kd of 120 ± 20 µM. However, when a logarithmic scale is used for the x-axis, there is a significant discrepancy between the model and data.

Shots:
5.4.1. LAB MEDIA: panel B of Fig3.jpg

5.5. Analysis of the same data with a cooperative model shows an excellent fit to the data, implying that WcbM is anti-cooperative in its binding to GTP.

Shots:
5.5.1. LAB MEDIA: panel C of Fig3.jpg

5.6. A rather unusual result is observed with the putative GDP-6-deoxy-β-D-manno-heptopyranose 2-O-acetylase, WcbI. Without ligand (Video editor: highlight blue line) and at high ligand concentrations (Video editor: highlight green line), a simple monophasic melting pattern is observed. However, at intermediate ligand concentrations (Video editor: highlight red line), two distinct melting peaks are observed.

Shots:
5.6.1. LAB MEDIA: panel A of Fig4.jpg

5.7. The transition between the two sets of peaks is dose-dependent across the full range of concentrations.

Shots:
5.7.1. LAB MEDIA: panel B of Fig4.jpg

5.8. Modelling of the biphasic melting as a sum of a proportion of the ligand free and high ligand results gives a good fit to the data (Video editor: highlight dashed purple line and red line). This fit is improved by extrapolating the result observed for high ligand concentration to full occupancy (Video editor: highlight dashed blue line).

Shots:
5.8.1. LAB MEDIA: panel C of Fig4.jpg

5.9. The data obtained for the proportion of WcbI bound to ligand shows an excellent fit to a simple binding model, with a Kd of 58 ± 2 µM.

Shots:
5.9.1. LAB MEDIA: panel D of Fig4.jpg


6. Conclusion (said by authors on camera)
6.1. Jennifer Littlechild: Once mastered, this technique can be done in 4-5 hours, including repeats, if it is performed properly.
6.2. Mirella Vivoli: Following this procedure, other methods like tryptophan fluorescence and isothermal titration calorimetry can be performed in order to answer additional questions like temperature dependence and stoichiometry.
6.3. Nicholas Harmer: After watching this video, you should have a good understanding of how to determine an estimate for the dissociation constant of an interaction using differential scanning fluorimetry. 


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, 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.  

1A. 51809_Conceptual summary.pptx
2.1. Table 1.docx
2.1. 51809_example table for step 2.1. docx
2.12. panel A of Fig1.png
3.1. Table 2.docx
3.1, 3.2. 51809_Example table for steps 3.1. and 3.2.docx
4.1. 51809_Excel example for step 4.1.xlsx
4.3. panel C of Fig1.png
4.4. panel C of Fig1.png; left panel of D of Fig1.png
4.5. right panel of D from Fig1.png
5.1. panel A of Fig2.jpg
5.2. panel B of Fig2.jpg
5.3. panel A of Fig3.jpg
5.4. panel B of Fig3.jpg
5.5. panel C of Fig3.jpg
5.6. panel A of Fig4.jpg
5.7. panel B of Fig4.jpg
5.8. panel C of Fig4.jpg
5.9. panel D of Fig4.jpg


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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