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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 by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 2.1, 2.3, 2.4, 3.2, 3.5, 3.8
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 to be filmed by their protocol numbers. (Please do not list an entire section.)  3.2
E.  Will the filming need to take place in multiple locations? (Y/N) N. If yes, how far apart are the locations?____________________
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 procedure is to assess the thermal stability and structural conformation of proteins in an industrial setting using differential scanning calorimetry. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Bruce: Differential scanning calorimetry measures the molar heat capacity of samples as a function of temperature, and has been successfully used to assess the thermal stability and structural conformation of proteins [1-MED].
1.1.1. Bruce speaks toward camera, interview style.
1.2. Ibrahim: This relatively simple procedure doesn’t depend on structural helicity or intrinsic fluorophores, as is the case for other biophysical methods [1-MED].

1.2.1. Ibrahim speaks toward camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Kamal: Another advantage of this technique is that it directly measures the thermal transition temperature and the energy required to disrupt the interactions stabilizing the tertiary structure of proteins [1-MED].
1.3.1. Kamal speaks toward camera, interview style.
1.4. Marina: When used in conjunction with the enthalpy of unfolding, the thermal transition temperature can serve as a useful parameter to monitor lot-to-lot consistency of manufacturing processes for biologics [1-MED].
1.4.1. Marina speaks toward camera, interview style.
1.5. Jian: Visual demonstration of this method can serve as an interactive medium to effectively assist new users with critical steps [1-MED].
1.5.1. Jian speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):
2. Instrument Start-up 
2.1. To begin, switch on the differential scanning calorimeter [1-MED].  Then, supply nitrogen into the system.  This will increase the pressure in the cells to suppress boiling of the samples as well as prevent the formation of bubbles at elevated temperatures [2-MED-over the shoulder].
2.1.1. Talent switches on the differential scanning calorimeter.
2.1.2. Talent supplies nitrogen to the system.  Continue action in next shot. 
2.2. Depending on the constituting material of the cell, adjust the pressure of the nitrogen gas supply according to the manufacturer’s recommended pressure to avoid damaging the cell [1-CU].
2.2.1. Nitrogen gauge as talent adjusts it.  
2.3. Ensure that all the cleaning agent reservoirs are filled to the required volume.  Required cleaning agents include detergent to wash the cell [1-MED], and water to clean the cell after each sample run [2-CU]. 
2.3.1. Talent checks one of the reservoirs with detergent for sufficient volume. 
2.3.2. Water reservoir as talent fills with water.
2.4. Set the temperature of the sample holding compartment to a suitable value, preferably 5 degrees Celsius, to maintain the integrity of the sample prior to experiment [1-MED-over the shoulder]. 
2.4.1. Talent sets the temperature of the sample holding compartment to 5 degrees Celsius.
3. Sample Preparation
3.1. Ibrahim: It is important to equilibrate the sample against the buffer to ensure that the only difference between the solutions is the protein.  Therefore, the observed difference in heat capacity can be correctly attributed to the protein [1-MED].
3.1.1. Ibrahim speaks toward camera, interview style.
3.2. Determine the concentration of the protein sample using a suitable protein concentration determination method, such as the Lowry method [1-CU-TXT].  For the instrument used in this protocol, the preferable working range is 0.5 to 1 milligram of protein per milliliter [2-MED-over the shoulder]. 
3.2.1. Revised shot 3.2.1: Talent checks the concentration on the vial TEXT Overlay: Kjedahl method can also be used
3.2.2. Talent places the cuvette into the spectrophotometer and reads out the protein absorbance on the spectrometer. {Author Comment: was 3.3, now 3.2} – they also crossed out the shot so, I’m not sure what’s going on here without seeing it, sorry
3.3. Dialyze the sample against the buffer [1-?] that will be used as the reference for the experiment [1-MED-over the shoulder-TXT].  {Author Comment: was 3.2; now 3.3} 
3.3.1.  Added shot: Talent transfers samples into the dialysis cassettes 
3.3.2. Talent places the sample into the dialysis buffer labeled as Phosphate buffer saline (pH 7.4).  TEXT Overlay: elution buffer can also be used {Author Comment: was 3.2.1, now 3.3.2; this shot was filmed as 3.3.2} - ?
3.3.3. Added shot: Talent brings the dialysis tanks into the walk-in fridge. – use if needed
3.4. Degas the sample and reference buffer [1-?] in a vacuum to get rid of microbubbles that can cause volume inaccuracy [1-MED-TXT].  
3.4.1. Added shot: Talent transfers the samples from dialysis cassettes into the glass vials
3.4.2. Talent degases the sample and reference buffer in the vacuum to get rid of microbubbles.  TEXT Overlay: this step can be skipped for newer calorimeter models {Author Comment: was 3.4.1, now 3.4.2 due to added shot for the clarification}
3.5. Working in a laminar flow biocontainment cabinet, use a micropipette and sterile tips to load the samples and their respective buffer, in pairs, into 96 well plates [1-CU-TXT].
3.5.1. 96 well plate as talent uses a micropipette and sterile tips in a laminar flow biocontainment cabinet to load the samples and buffers, in pairs, into the plate wells.  TEXT Overlay:  use instrument compatible plates
3.6. Fill the first two pairs of wells with buffer to perform buffer-buffer scans to verify the suitability of the instrument prior sample measurement [1-ECU].  Fill the last two pairs of wells with water for the water scan to clean the cells [2-MED].
3.6.1. Wells in 96 well plate as talent fills the first 2 wells with buffer from a labeled container.
3.6.2. Talent fills the last two wells with water from a labeled container.
3.7. Then, cover the 96-well plate with a sealing film.  Ensure that the wells are properly sealed prior taking the plate out of the Biosafety Cabinet to avoid sample contamination [1-CU]. 
3.7.1. 96-well plate as talent covers it with a sealing film and ensures that the wells are properly sealed.
3.8. Finally, place the plate in the sample holding compartment in the proper orientation [1-MED-over the shoulder].
3.8.1. Talent places the plate in the sample holding compartment in the proper orientation.
4. Experimental Parameter Setup 
4.1. Using the acquisition software, enter the sample information in the order the plate was loaded.  Enter protein concentrations if available.  Otherwise, enter the concentration into analysis software prior to data analysis [1-SCREEN].
4.1.1. 55262_Kirkitadze_SCREEN_4.1.1 – Screen capture movie as talent uses the acquisition software to enter the sample information in the order the plate was loaded.  Talent enters protein concentrations.  
4.2. Select the option that ensures cleaning of the cell with detergent before every sample scan.  The cleaning should be followed by multiple water rinse steps to ensure no detergent residue is left in the cells [1-SCREEN]. 
4.2.1. 55262_Kirkitadze_SCREEN_4.2.1 – Screen capture movie as talent selects the option that ensures cleaning of the cell with detergent before every sample scan.  Talent then selects to follow this wash with multiple water rinse steps.
4.3. Set the starting temperature of the experiment to 20 degrees Celsius, which can vary depending on the sample.  For known proteins, a pre-determined starting temperature can be used, while a lower starting temperature can be applied for unknown samples [1-SCREEN].
4.3.1. 55262_Kirkitadze_SCREEN_4.3.1 – Screen capture movie as talent sets the starting temperature of the experiment to 20 degrees Celsius.   
4.4. Then, set the final temperature of the experiment.  The final temperature may also vary depending on prior knowledge of the sample [1-SCREEN].
4.4.1. 55262_Kirkitadze_SCREEN_4.4.1 – Screen capture movie as talent sets the final temperature to 100 °C.
4.5. Next, set the scan rate of the experiment.  It is advisable to scan unknown samples at different scan rates to assess the kinetics of unfolding [1-SCREEN-TXT].
4.5.1. 55262_Kirkitadze_SCREEN_4.5.1 – Screen capture movie as talent sets the scan rate of the experiment to 60 °C/h.  TEXT Overlay: 60 °C/h is the typical scan rate
4.6. Set up the acquisition software to rescan the samples to examine the reversibility of the thermal transition [1-SCREEN].  The unfolding of a protein is considered reversible if the enthalpy obtained for the second scan is at least 80% of the enthalpy value from the first scan [2-MED].
4.6.1. 55262_Kirkitadze_SCREEN_4.6.1 – Screen capture movie as talent sets up the experiment to perform a second scan.
4.6.2. Talent (Ibrahim) working at data acquisition computer to set up experiment.
4.7. Set the post-experiment thermostat to 10 degrees Celsius to preserve the integrity of the calorimeter’s cell [1-SCREEN].  
4.7.1. 55262_Kirkitadze_SCREEN_4.7.1 – Screen capture movie as talent sets the post-experiment thermostat to 10 degrees Celsius to preserve the integrity of the calorimeter’s cell.
4.8. Verify that the experiment setup parameters are correct before executing the experiment [1-SCREEN].  If everything is in place, start the experiment [2-?].  
4.8.1. 55262_Kirkitadze_SCREEN_4.8.1 – Screen capture movie as talent scrolls through the setup parameters and then starts the experiment
4.8.2. Added shot: Instrument starts {Comment: added shot to clarify the procedure}
4.9. Following the experiment, perform data analysis as described in the text protocol [1-MED-over the shoulder].
4.9.1. Talent (Ibrahim) performs the data analysis at the computer.
4.10. Marina: For the analysis, baseline subtraction is performed manually.  Consistency at this step is crucial to obtain comparable results [1-MED].
4.10.1. Marina speaks toward the camera, interview style.
5. Results: Thermal transitions of vaccine antigens  
5.1. Shown here are representative raw data of an experimental run [1-LM], including the buffer and water scans [2-LM].  The samples being analyzed are toxin in its native [3-LM] and detoxified states [4-LM].
5.1.1. Raw_data_Toxin_Toxoid.tif
5.1.2. Raw_data_Toxin_Toxoid.tif – Editors, please highlight the cluster of scans without a peak.
5.1.3. Raw_data_Toxin_Toxoid.tif – Editors, please highlight the blue scan with a peak.
5.1.4. Raw_data_Toxin_Toxoid.tif – Editors, please highlight the red scan with a peak.
5.2. The sample scans are processed separately to derive the melting temperature and enthalpy values for each sample [1-LM].  For the native state, the melting temperature is 55.55 degrees Celsius [2-LM] and the enthalpy of the toxin is 3.157 times ten to the fifth Calories per mol [3-LM].

5.2.1. Processed_data_Toxin.tif
5.2.2. Processed_data_Toxin.tif – Editors, please highlight the row labeled Tm in the box at the top of the figure with the value 55.55 + 0.032.
5.2.3. Processed_data_Toxin.tif – Editors, please highlight the row labeled (H in the box at the top of the figure with the value 3.157E5 + 3.03E3
5.3. Conversely, the melting temperature of the toxin in its detoxified state is 81.21 degrees Celsius [1-LM] and the enthalpy is 3.656 times ten to the fifth calories per mol [2-LM].
5.3.1. Processed_data_Toxoid.tif – Editors, please highlight the row labeled Tm in the box at the top of the figure with the value 81.21 + 0.014.
5.3.2. Processed_data_Toxoid.tif – Editors, please highlight the row labeled (H in the box at the top of the figure with the value 3.656E5 + 787
5.4. The overlay of the processed data of the toxin in its native and detoxified states [1-LM] demonstrates that the detoxified sample is more thermally stable [2-LM] than its native state according to the melting temperature values [3-LM].  It also indicates that the detoxification process introduces structural changes to the tertiary structure of the toxin [4-LM].
5.4.1. Overlay_Processed_data.tif

5.4.2. Overlay_Processed_data.tif – Editors, please highlight the red curve.
5.4.3. Overlay_Processed_data.tif – Editors, please highlight the blue curve.
5.4.4. Overlay_Processed_data.tif – Editors, please remove all highlighting and show original figure.
6. Conclusion (said by authors on camera)

6.1. Jian: While attempting this procedure, it’s important to remember to provide an adequate supply of detergent and water to prevent cross contamination of the cell and syringe as their cleanliness is crucial for accurate results [1-MED].
6.1.1. Jian speaks toward the camera, interview style.
6.2. Kamal: After watching this video, you should have a good understanding of Differential Scanning Calorimetry as a method for assessing the thermal stability and conformation of protein.  You should also be able to make meaningful deduction from resulting thermograms [1-MED].
6.2.1. Kamal speaks toward camera, interview style.

6.3. Bruce: Following this procedure, other methods like Circular Dichroism can be performed in order to answer additional questions regarding the changes to the secondary structures during unfolding [1-MED].
6.3.1. Bruce speaks toward camera, interview style.
6.4. Marina: Data collected for an array of lots of the same product have been used to create empirical baselines to examine the impact of process changes, formulation, and storage conditions on the structural conformation of protein antigens for vaccine production [1-MED]. 
6.4.1. Marina speaks toward the camera, interview style.

6.5. Ibrahim: When working with toxins, do not forget to wear personal protective equipment [1-MED]. 
6.5.1. Ibrahim 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.  
Please upload the following files to your submission website: http://www.jove.com/account/file-uploader?src=16854958
LAB MEDIA (LM):

Raw_data_Toxin_Toxoid.tif.

Processed_data_Toxin.tif
Processed_data_Toxoid.tif

Overlay_Processed_data.tif

SCREEN Capture Movies:
55262_Kirkitadze_SCREEN_4.1.1 – Screen capture movie as talent uses the acquisition software to enter the sample information in the order the plate was loaded.  Talent enters protein concentrations.  
55262_Kirkitadze_SCREEN_4.2.1 – Screen capture movie as talent selects the option that ensures cleaning of the cell with detergent before every sample scan.  Talent then selects to follow this wash with multiple water rinse steps.
55262_Kirkitadze_SCREEN_4.3.1 – Screen capture movie as talent sets the starting temperature of the experiment to 20 degrees Celsius.   
55262_Kirkitadze_SCREEN_4.4.1 – Screen capture movie as talent sets the final temperature to 100 °C.
55262_Kirkitadze_SCREEN_4.5.1 – Screen capture movie as talent sets the scan rate of the experiment to 60 °C/h.   
55262_Kirkitadze_SCREEN_4.6.1 – Screen capture movie as talent sets up the experiment to perform a second scan.
55262_Kirkitadze_SCREEN_4.7.1 – Screen capture movie as talent sets the post-experiment thermostat to 10 degrees Celsius to preserve the integrity of the calorimeter’s cell.
55262_Kirkitadze_SCREEN_4.8.1 – Screen capture movie as talent scrolls through the setup parameters and then starts the experiment
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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