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A.  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)_________  

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.) ____2.1 and 3.6-3.11  
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.) ____Steps 3.6-3.9, the loading of the DSC. Success is ensured by being gentle and going slow.___________
E.  Will the filming need to take place in multiple locations? (Y/N) ____Y___ If yes, how far apart are the locations? ____The same building but the interview room is on the 1st floor while the laboratory is on the 3rd floor._________________________________

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. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this methodology is to extract the thermodynamic parameters governing biomolecular folding and binding interactions by differential scanning calorimetry, or DSC, using a thermolabile (“thermo-lay-buh-aisle”) ligand (“ligg-and”) in as little as two experiments. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Robert Harkness: This method can help answer key questions in the biocalorimetry and drug design field, such as what are the relative magnitudes of the thermodynamic parameters governing interactions between biomolecules and tight-binding inhibitors? [1-MED]. 
1.1.1. Robert speaks toward the camera, interview style.
1.2. Robert Harkness: The main advantage of this technique is that a full ligand titration is performed in a single experiment, permitting rapid extraction of thermodynamic parameters from the global fitting analysis [1-MED].   
1.2.1. Robert speaks toward the camera, interview style.
Protocol: (read by voice talent at JoVE)
Editors, throughout the SCREEN capture movies, please use a zoom bubble to emphasize the action being performed whenever possible/appropriate.  
2. Sample Preparation
2.1. To begin, prepare buffers for dialysis of the purified biomolecule and dissolution of ligands [1-MED-TXT].  Dialyze the biomolecule against at least 1 Liter of buffer using dialysis tubing with 0.5 to 1.0 kiloDalton cut-off [2-CU-TXT]. 
2.1.1. Talent works to prepare the buffer by dissolving the sodium phosphate in the solvent.  TEXT Overlay: See text for buffer recipes
2.1.2. Dialysis tubing containing the biomolecule as talent places into the dialysis buffer. TEXT: Dialysis can then be repeated with a second 1L of buffer
2.2. Robert Harkness:  The most important step in obtaining high quality DSC data is the dialysis of biomolecule and ligand against the desired buffer.  This step ensures that there are no buffer mismatch artefacts present in the DSC data [1-MED].
2.2.1. Robert speaks toward the camera, interview style.
2.3. Filter the final buffer, which is referred to as the working buffer, through a 0.2 micron filter that has been thoroughly equilibrated with buffer [1-CU].
2.3.1. Buffer as talent filters it through a 0.2 micron filter. 
2.4. Weigh out the desired masses of the ligands and dissolve them in filtered working buffer [1-MED-over the shoulder].  If the desired ligand concentrations require masses that are too small to accurately weigh, make a concentrated ligand stock solution [2-MED].
2.4.1. Talent weighs out the ligands.
2.4.2. Talent works to make a concentrated ligand stock solution by adding solvent to the measured ligand. 
2.5. Filter the biomolecule stock solution through a 0.2 micron filter that has been thoroughly equilibrated with working buffer [1-CU-TXT].  Then, determine the biomolecule concentration by absorbance measurements [2-MED-over the shoulder-TXT].
2.5.1. Biomolecule stock solution as talent filters through a 0.2 micron filter that has been thoroughly equilibrated with working buffer. TEXT: Once dissolved, ligand can also be filtered through a 0.2 um filter if necessary
2.5.2. Talent works to determine the biomolecule concentration by absorbance measurements.  TEXT Overlay: 260 nm for nucleic acids, 280 nm for proteins
2.6. Store the prepared biomolecule and ligand in a 4 degree Celsius refrigerator, or at minus 20 or minus 80 degrees Celsius if the biomolecule and ligands tolerate freezing and long-term storage is required [1-WIDE].
2.6.1. Talent places the biomolecule and ligand at 4 degrees Celsius.  
3. DSC Preparation
3.1. Degas the buffer, biomolecule, and ligand solutions in a table top degasser prior to loading into the differential scanning calorimeter, or DSC [1-MED].
3.1.1. Talent sets up the buffer, biomolecule and ligand solutions to degas in a table top degasser.  Use labeled containers. 
3.2. Unscrew the pressure handle from the DSC [1-CU].  Then, run silicon tubing from the working buffer and attach it to the front flange of the reference capillary [2-MED-over the shoulder].
3.2.1. Pressure handle as talent unscrews it from the DSC.
3.2.2. Talent runs silicon tubing from the working buffer and attaches it to the front flange of the reference capillary. 3.2.2 to 3.4.2 are combined
3.3. Create a bridge between the reference and sample capillaries by connecting the rear reference flange to the front sample flange [1-CU].
3.3.1. Reference and sample capillaries as talent creates a bridge between them by connecting the rear reference flange to the front sample flange. In 3.2.2
3.4. Next, attach a piece of silicon tubing to the rear sample flange that runs to a waste flask with a vacuum line attached [1-MED-over the shoulder].  Turn on the vacuum line to flush the DSC with 200 milliliters of working buffer [2-MED].
3.4.1. Talent attaches a piece of silicon tubing to the rear sample flange that runs to a waste flask with a vacuum line attached. In 3.2.2
3.4.2. Talent turns on the vacuum line and flushes the DSC with 200 milliliters of working buffer.  Use labeled containers. In 3.2.2
3.5. [1-CU] Begin by attaching roughly 3 to 5 centimeter sections of silicon tubing to the reference capillary flanges [2-MED-over the shoulder].
3.5.1. Reference capillary as talent loads with working buffer.
3.5.2. Talent attaches 3-5 centimeter sections of silicon tubing to the reference capillary flanges.
3.6. Next, insert a 1 milliliter pipette tip into the silicon tubing of the rear flange [1-CU].  Draw 0.8 milliliters of working buffer with a pipette and insert the pipette tip with buffer into the silicon tubing of the front reference flange [2-MED-over the shoulder].
3.6.1. 1 mL pipette tip as talent inserts into the rear flange’s silicon tubing.
3.6.2. Talent draws 0.8 mL of working buffer with a pipette and inserts the pipette tip with buffer into the front reference flange’s silicon tubing.  Use labeled containers
3.7. Gently press the pipette plunger down to pass the working buffer through the front silicon tubing into the reference capillary and up into the attached pipette tip of the rear flange [1-CU].
3.7.1. Pipette and tubing as talent gently presses the pipette plunger down to pass the working buffer through the front silicon tubing into the reference capillary and up into the rear flange’s attached pipette tip.
3.8. Press the pipette plunger down until the working buffer level reaches just above the front silicon tubing [1-ECU].  Then, release the pipette plunger until the working buffer level reaches just above the rear silicon tubing [2-CU]. 
3.8.1. Pipette and tubing as talent presses the pipette plunger down until the working buffer level reaches just above the front silicon tubing.  Combined with 3.8.2 and 3.9.1
3.8.2. Talent releases the pipette plunger until the working buffer level reaches just above the rear silicon tubing. In 3.8.1
3.9. Continue passing the working buffer back and forth in the reference capillary to purge the volume of bubbles [1-MED].  
3.9.1. Talent passes the working buffer back and forth to purge the volume in the reference capillary of bubbles. In 3.8.1
3.10. Next, cap the rear pipette tip with a forefinger, and gently pull up on the rear pipette tip and front pipette to remove them from the reference flanges with the silicon tubing attached [1-CU].
3.10.1. Rear and front pipette as talent caps with a thumb and gently pulls up on the rear pipette tip and the front pipette to remove them from the reference flanges with the silicon tubing attached. 
3.11. Load the sample capillary with working buffer as before [1-MED-over the shoulder].  Place a black plastic cap on the rear reference and sample flanges, leaving the front flanges uncovered [2-CU].
3.11.1. Talent works to load the sample capillary with working buffer.
3.11.2. Rear reference and sample flanges as talent places a black plastic cap there
3.11.3. Blot the metal inset around the DSC loading flanges dry with a laboratory tissue. Author note: “This step might be specific to our instrument, the NanoDSC-III from TA instruments. However it is important to wipe up any spilled buffer or sample before proceeding, no matter the instrument.” – might be useful info for Science Editor.
3.12. Attach the pressure handle to the DSC [0-?], and then open the DSC software and pressurize the instrument by clicking the red “up” arrow at the top of the interface once the power reading has stabilized.  The DSC power is indicated in a box at the top right of the interface along with the instrument temperature and pressure reading [1-SCREEN].
           3.12.0  ADDED: Talent attaching the pressure handle to the DSC and threading it on before going to the computer to start the software for beginning the experiment
3.12.1. 55959_Mittermaier_SCREEN_3.12.1: Screen capture movie as talent clicks the red “up” arrow at the top of the interface once the power reading has stabilized.  The DSC power is indicated in a box at the top right of the interface along with the instrument temperature and pressure reading.  Editors, please use a zoom bubble to highlight the action being performed as the first sentence is narrated.  Then use the zoom bubble to emphasize the DSC power changing and then stabilizing at the top right of the interface. 
3.13. Equilibrate the DSC with working buffer by performing a forward and reverse scan. In the “Experimental Method” tab on the left side of the screen, ensure that the “Scanning” option is selected to run the DSC in temperature scanning mode [1-SCREEN]. 
3.13.1. 55959_Mittermaier_SCREEN_3.13.1: Screen capture movie as talent navigates to the “Experimental Method” tab on the left side of the screen, and selects the “Scanning” option to run the DSC in temperature scanning mode.
3.14. In the “Temperature Parameters” inset under the “Experimental Method” tab, click the button for “Heating”.  Enter 1 and 100 degrees Celsius for the lower and upper experimental temperatures, 1 degree Celsius per minute for the scan rate, and 60 seconds for the equilibration period [1-SCREEN].
3.14.1. 55959_Mittermaier_SCREEN_3.14.1: Screen capture movie as talent navigates to the “Temperature Parameters” inset under the “Experimental Method” tab, and clicks the button for “Heating”.  Talent enters 1 and 100 degrees Celsius for the lower and upper experimental temperatures, 1 degree Celsius per minute for the scan rate, and 60 seconds for the equilibration period
3.15. Click the “Add Series” button under the input field for the equilibration period.  Enter 2 into the “Steps to add” field in the popup window and check the “Alternate Heating/Cooling” box.  Click “OK”; the added scans appear in the lower portion of the interface.  Check that the parameters for each scan are as desired [1-SCREEN-TXT]. 
3.15.1. 55959_Mittermaier_SCREEN_3.15.1: Screen capture movie as talent clicks the “Add Series” button under the input field for the equilibration period.  Talent enters 2 into the “Steps to add” field in the popup window and checks the “Alternate Heating/Cooling” box.  Then talent clicks “OK” and the added scans appear in the lower portion of the interface.  Talent checks that the parameters for each scan are as desired. TEXT Overlay (show as “enter 2 into the “steps to add” field in the popup window” is narrated: one heating and one cooling scan
3.16. Start the experiment by clicking the green “play” button at the top of the interface. Navigate to the desired folder and input a file name for saving the experiment in the popup window. View the experiment progress by clicking the “Data” tab to the right of the “Experiment Method” tab [1-SCREEN].
3.16.1. 55959_Mittermaier_SCREEN_3.16.1: Screen capture movie as talent clicks the green “play” button at the top of the interface.  Talent navigates to the desired folder and input a file name for saving the experiment in the popup window.  Then talent views the experiment progress by clicking the “Data” tab to the right of the “Experiment Method” tab.
4. Collecting Thermolabile Ligand DSC Datasets
4.1. Run reference experiments for baseline subtraction of the sample data by reloading the DSC with working buffer in both capillaries [1-MED-TXT].  Collect multiple forward and reverse scans over a suitable temperature range at 1 degree Celsius per minute with an upper equilibration time of 120 seconds [2-MED-over the shoulder].
4.1.1. Talent reloads the DSC with working buffer in both capillaries. TEXT: Old solutions should removed before reloading the capillaries with fresh buffer
4.1.2. Talent collects multiple forward and reverse scans over a suitable temperature range at 1 degree Celsius per minute with an upper equilibration time of 120 seconds.
4.2. Delete the previous buffer equilibration scans from the lower portion of the interface by highlighting each individually, and clicking the red X to the middle right of the interface [1-SCREEN].
4.2.1. 55959_Mittermaier_SCREEN_4.2.1: Screen capture movie as talent deletes the previous buffer equilibration scans from the lower portion of the interface by highlighting each individually and clicking the red X to the middle right of the interface.
4.3. Add the new scans by clicking the “Add Series” button, entering 20 in the field for “Steps to add”, and checking the “Alternate Heating/Cooling” box.  Then, click OK and run the experiment by clicking the green play button as before [1-SCREEN].
4.3.1. 55959_Mittermaier_SCREEN_4.3.1: Screen capture movie as talent adds the new scans by clicking the “Add Series” button, entering 20 in the field for “Steps to add”, and checking the “Alternate Heating/Cooling” box.  Then, click OK and run the experiment by clicking the green play button.
4.4. Repeat these steps with working buffer containing the desired concentration of ligand in both capillaries to obtain the reference experiments for the ligand [1-MED].  Collect two separate experiments to be used in acquiring the rate constant for thermolabile ligand conversion [2-MED-over the shoulder-TXT].  
4.4.1. Talent loads the working buffer with ligand into the capillaries.  Use labeled containers.
4.4.2. Talent works to collect the experiments.  TEXT Overlay: Use 120 s and 600 s for the high temperature equilibration times
4.5. For the free biomolecule data set, ensure that the reference capillary contains the working buffer while the sample capillary contains the free biomolecule at the desired concentration in working buffer [1-CU].
4.5.1. Capillaries as talent loads the reference capillary with working buffer and the sample capillary with the free biomolecule in working buffer.  Use labeled containers. Moved from below, may be slated as 4.6.1
4.6. Next, run the sample experiments using the same DSC loading procedure and experimental parameters used in the reference scans [1-MED]. 
4.6.1. Talent works at the DSC control computer to run the sample experiments. Moved from above, may be slated 4.5.1
4.7. For the ligand-bound experiments, ensure that the ligand is in the working buffer in the reference capillary, and the biomolecule plus ligand are in working buffer in the sample capillary [1-MED].  Flush the system between additions of different ligands as before [2-MED-over the shoulder].

4.7.1. Talent loads the reference capillary with ligand in working buffer and the sample capillary with the free biomolecule + ligand in working buffer.  Use labeled containers.
4.7.2. Talent flushes the system. Author note: “This flushing of the system is the same procedure as in 3.4.2.” – Editor, if they did not film this please use 3.4.2 to cover.
4.8. Perform one additional experiment with the biomolecule bound to the thermolabile ligand where the high temperature equilibration period is increased to 600 seconds, and all other experimental parameters are the same as before [1-SCREEN].
4.8.1. 55959_Mittermaier_SCREEN_4.8.1: Screen capture movie as talent sets the increased high temperature equilibration period to 600 seconds.
4.9. Proceed to data processing and analysis as described in the text protocol [1-MED].
4.9.1. Talent works at the computer to process and analyze the data.
5. Results: Rapid Characterization of Biomolecular Folding and Binding Interactions with Thermolabile Ligands by DSC 
5.1. The position and height of the thermolabile ligand-bound peak successively shifts down towards that of the unbound biomolecule as the thermolabile ligand is depleted with each scan [1-LM].  The free denaturation profile is used as a reference for the endpoint of thermolabile ligand conversion [2-LM].
5.1.1. 55959_Mittermaier_Figure1A.tif - Authors, please provide a separate version of figure 1A without the “a” label.    
5.1.2. 55959_Mittermaier_Figure1B.tif - Authors, please provide a separate version of figure 1B without the “b” label.  Editors, please highlight the black denaturation profile.
5.2. Increasing the high temperature equilibration period yields more pronounced reductions of the thermolabile ligand concentration with each scan relative to the short equilibration period dataset [1-LM]. 
5.2.1. 55959_Mittermaier_Figure2A.tif - Authors, please provide a separate version of figure 2A without the “a” label.    
5.3. Using the optimized global fit concentration parameters from the two datasets, the rate constant for ligand conversion at the high equilibration temperature can be calculated [1-LM].
5.3.1. 55959_Mittermaier_Figure2B.tif - Authors, please provide a separate version of figure 2B without the “b” label.  Editors, please highlight the equation for “k” on the inset.    
6. Conclusion (said by authors on camera)

6.1. Robert Harkness: Once mastered, this technique can be done in 72 hours if it is performed properly [1-MED].

6.1.1. Robert speaks toward the camera, interview style.
6.2. Robert Harkness: While attempting this procedure, it’s important to remember to degas the biomolecule and ligand, and to purge the DSC capillaries of bubbles using the loading pipette to prevent data artefacts [1-MED].
6.2.1. Robert speaks toward the camera, interview style.
6.3. Robert Harkness: After watching this video and reading the article, you should have a good understanding of how to perform DSC experiments on biomolecules, as well as the implementation of global fitting analyses to extract thermodynamic parameters governing the biomolecular folding and binding processes [1-MED].
6.3.1. Robert speaks toward the camera, interview style.
6.4. Robert Harkness: Though this method can provide insight into equilibrium binding and folding interactions, it can also be applied to other systems, such as biomolecules that exhibit slow folding and/or ligand binding kinetics [1-MED].
6.4.1. Robert speaks toward the 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.  

55959_Mittermaier_Figure1A.tif - Authors, please provide a separate version of figure 1A without the “a” label.    

55959_Mittermaier_Figure1B.tif - Authors, please provide a separate version of figure 1B without the “b” label.   
55959_Mittermaier_Figure2A.tif - Authors, please provide a separate version of figure 2A without the “a” label.    

55959_Mittermaier_Figure2B.tif - Authors, please provide a separate version of figure 2B without the “b” label.  
SCREEN Capture Movies:
55959_Mittermaier_SCREEN_3.12.1: Screen capture movie as talent clicks the red “up” arrow at the top of the interface once the power reading has stabilized.  The DSC power is indicated in a box at the top right of the interface along with the instrument temperature and pressure reading.   
55959_Mittermaier_SCREEN_3.13.1: Screen capture movie as talent navigates to the “Experimental Method” tab on the left side of the screen, and selects the “Scanning” option to run the DSC in temperature scanning mode.
55959_Mittermaier_SCREEN_3.14.1: Screen capture movie as talent navigates to the “Temperature Parameters” inset under the “Experimental Method” tab, and clicks the button for “Heating”.  Talent enters 1 and 100 degrees Celsius for the lower and upper experimental temperatures, 1 degree Celsius per minute for the scan rate, and 60 seconds for the equilibration period
55959_Mittermaier_SCREEN_3.15.1: Screen capture movie as talent clicks the “Add Series” button under the input field for the equilibration period.  Talent enters 2 into the “Steps to add” field in the popup window and checks the “Alternate Heating/Cooling” box.  Then talent clicks “OK” and the added scans appear in the lower portion of the interface.  Talent checks that the parameters for each scan are as desired.  
55959_Mittermaier_SCREEN_3.16.1: Screen capture movie as talent clicks the green “play” button at the top of the interface.  Talent navigates to the desired folder and input a file name for saving the experiment in the popup window.  Then talent views the experiment progress by clicking the “Data” tab to the right of the “Experiment Method” tab.

55959_Mittermaier_SCREEN_4.2.1: Screen capture movie as talent deletes the previous buffer equilibration scans from the lower portion of the interface by highlighting each individually and clicking the red X to the middle right of the interface.
55959_Mittermaier_SCREEN_4.3.1: Screen capture movie as talent adds the new scans by clicking the “Add Series” button, entering 20 in the field for “Steps to add”, and checking the “Alternate Heating/Cooling” box.  Then, click OK and run the experiment by clicking the green play button.
55959_Mittermaier_SCREEN_4.8.1: Screen capture movie as talent sets the increased high temperature equilibration period to 600 seconds.
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.
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