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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
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) N
B.   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 steps: 2.5, 2.8, 2.10, 2.11, 3.2, and 3.8.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect is to carefully choose running experiment parameters (enzyme and substrate concentrations, number of injections, spacing between two injections, etc.). A preliminary set of experiments performed using different running parameters allows one to find the best conditions to use. 

1. Introduction (Schematic Overview and Interview)

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

Conceptual Narrative:
The following experiment describes a reliable, fast and label-free method that employs isothermal titration calorimetry to quantitatively determine the thermodynamics and kinetics of enzymatic reactions in solution, using heat, released and absorbed over time, as an internal probe. (Intro)

This is achieved by allowing the enzymatic reaction to occur in the instrument sample cell at a constant temperature, and monitoring the deviation of the heat trace from the initial baseline. (P1, show first animated slide from Figure-schematic overview.pptx).

In a first experiment, called method 1 or M1, the substrate is injected into the enzyme solution and the heat for complete substrate conversion is measured, allowing determination of the total molar enthalpy of the reaction. (P2, show second slide from Figure-schematic overview.pptx).

In a second experiment, called method 2 or M2, multiple injections of the substrate are performed, allowing measurement of the rate of heat production over time at different substrate concentrations. (P3, show left graph in third slide from Figure-schematic overview.pptx). 

The results derived from the two calorimetric experiments enable determination of the kinetic parameters kcat and KM, assuming a Michaelis-Menten enzymatic catalysis. (P4, show P3 then make red arrow appear followed by right graph, as the animation illustrates). 
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Figure-Schematic overview


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Barbara Zambelli: The main advantage of using isothermal titration calorimetry, over other methods, such as discontinuous, spectrophotometric assays that monitor product formation over time, is that this method does not require any modification and labeling of the system under analysis and uses very little material, because it monitors the intrinsic heat of reaction as an internal probe.
1.2. **Barbara Zambelli: Demonstrating the procedure will be Luca Mazzei, a PhD student from our laboratory.  
1.2.1. Interview style: Author saying the above 
1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):
2. Preparing Samples and Performing the Experiment
2.1. First, dilute the enzyme with 2 mL of buffer to give a final enzyme concentration in the nanomolar range for the M1 experiment. Then, add 0.5 mL of buffer to the substrate to give a substrate concentration of at least three orders of magnitude higher than the KM (TEXT: Buffers should have identical composition to minimize heat of dilution and mixing. Choose buffer conditions that ensure good pH buffering and prevent pH change).	
2.1.1. MED: Talent adds buffer to enzyme.
2.1.2. MED-over the shoulder: Talent adds buffer to substrate. (Take 2)
2.2. For the M2 experiment, prepare a 2 mL enzyme solution with a final concentration in the picomolar to nanomolar range. Dilute the substrate with 0.5 mL of buffer to give a substrate concentration in the millimolar range.
2.2.1. CU: Tube/vessel containing enzyme as talent adds buffer to it.
2.2.2. MED: Talent adds buffer to substrate.		
2.3. After verifying that the sample cell and the injection syringe are cleaned according to the manufacturer’s instructions, fill the loading syringe with distilled water. Then, gently insert the needle in the sample cell, fill the cell and remove the liquid.		        
2.3.1. MED-over the shoulder: Talent fills loading syringe with distilled water.
2.3.2. CU: Sample cell as talent inserts needle of syringe in it, adds water to it, and removes water with same syringe.
2.4. Using the previously described method, wash the sample cell twice with distilled water and twice with buffer (TEXT: Same procedure must be applied for both M1 and M2 experiments).
2.4.1. MED: Talent adds water or buffer to sample cell and then removes it with same syringe fills loading syringe with buffer.
2.4.2. Talent adds and removes buffer from the sample cell with same syringe.
2.5. Slowly inject the enzyme solution into the cell until it spills out the top of the cell stem. To remove air bubbles trapped in the sample cell, produce a spurt of about 0.25 mL of solution into the cell.
2.5.1. CU: Sample cell as talent adds enzyme solution to it until solution overflows.
2.5.2. MED-over the shoulder: Talent produces spurt of solution into cell.
2.6. After producing the spurt two more times, place the needle of the loading syringe on the ledge between the cell stem and the cell port and remove any excess solution.
2.6.1. CU: Ledge between cell stem and cell port as talent places needle of loading syringe on it and removes excess solution. (Take 2)
2.7. Start the VP-Viewer program and equilibrate the ITC (TEXT: ITC: Isothermal Titration Calorimetry) instrument to a temperature 3 °C below the desired experimental temperature. 
2.7.1. SCREEN: Computer screen as talent starts VP-viewer program and equilibrates the instrument. (Take 3)
2.8. After filling the reference cell with distilled water in the same manner as before, link a plastic syringe to the fill port of the injection syringe using a thin silicon tube. Place the injection syringe tip into water and fill the syringe until the water comes out of the top filling port, indicating that the injection syringe is full. Then remove the syringe tip from the water and draw up air to empty the injection syringe.
2.8.1. MED-over the shoulder: Talent links plastic syringe to fill port of injection syringe with silicon tube.
2.8.2. CU: Injection syringe needle as talent places it in water and fills syringe with water. (Take 2)
2.8.3. MED: Talent removes syringe tip from water and draws up air into the syringe. (Take 2)
2.9. Using the same procedure, wash the injection syringe with buffer and draw air through the system.		 
2.9.1. MED-over the shoulder: Talent fills injection syringe with buffer, removes syringe tip from buffer and draws up air into syringe. (Original 2.9.1. and 2.9.2 are together).
2.9.2. MED: Talent removes syringe tip from buffer and draws up air into syringe.
2.10. Next, place the substrate solution in a clean, narrow tube, position it under the syringe and insert the needle of the injection syringe in it. Completely fill the injection syringe, leaving a small amount of solution at the bottom of the tube.
2.10.1. CU: Tube containing substrate solution as talent places injection needle into it and pulls up the solution into the syringe. (Take 2 for filling of the tube with the substrate solution and Take 3 for syringe filling)
2.11. From the computer interface, press “Close fill port”. Once the silicon loading tube has been removed, press “Purge and refill” to dislodge any air bubbles from the injection syringe and to expel them back into the bulk solution.		
2.11.1. SCREEN: Computer screen as talent presses Close fill port button.
2.11.1 bis	CU: syringe is closing the port.
2.11.2. SCREEN: Computer screen as talent presses Purge and refill button.
2.11.3. CU: The injection syringe empties and refills

2.12. Following this, wipe the sides of the injection syringe with a paper towel to remove any residual solution and place it into the sample cell.		
2.12.1. MED-over the shoulder: Talent wipes injection syringe with paper towel and places needle of syringe into sample cell.
2.13. In the M1 experiment, set at least two additions of 5-30 μL of substrate to verify the reproducibility. Then, set the spacing time between each injection large enough to ensure that the heat signal returns to the baseline before the next addition.
2.13.1. SCREEN: Computer screen as talent sets substrate additions and sets spacing time between injections. (Original 2.13.1 and 2.13.2 are together here)
2.13.2. SCREEN: Computer screen as talent sets spacing time between each injection.
2.14. In the M2 experiment, set multiple injections of 5-10 µL. Set the interval between the injections allowing the system to stabilize the thermal power to the new baseline after each injection (TEXT: Use a small volume for first injection, whose corresponding value is discarded during data analysis).
2.14.1. MED-over the shoulder: Talent at computer sets multiple substrate injections.
2.14.2. SCREEN: Computer screen as talent sets number and volume of injections and interval between the injections. (Take 2)
2.15. At this point, set the reference power to 20. Then, define the experimental enzyme and substrate concentrations and choose a name for the experiment. Set temperature to 25 °C and start the experiment.	         
2.15.1. SCREEN: Computer screen as talent sets reference power.
[bookmark: _GoBack]2.15.1 bis	computer screen as talent sets concentrations of the enzyme and substrate and a name for the experiment.
2.15.2. SCREEN: Computer screen as talent defines experimental temperature and presses start button. (Take 2)
2.16. Once the experiment has finished, clean the sample cell and the syringe according to the manufacturer's instructions.
2.16.1. MED: Talent cleans sample cell and syringe.
3. Data Analysis
3.1. After opening the Origin 7.0 software, click on the “Open” button, and select the file.opj corresponding to the first injection in the heat trace of the M1 experiment. (TEXT: Previously separate each peak of M1 experiment in different files).
3.1.1. SCREEN: Computer screen as talent clicks on Read data open button and selects appropriate file.
3.2. To determine the delta H of the reaction, integrate the first peak resulting from baseline deviation in the thermogram of the single injection M1 experiment. Then, divide the obtained area value by the total substrate concentration and the sample cell volume.
3.2.1. SCREEN: Computer screen as talent integrates appropriate peak.
3.2.2. SCREEN: Computer screen as talent divides area by total substrate concentration and sample cell volume.
3.3. Repeat the same procedure for the second peak of the M1 experiment and average the values obtained for the two delta H measurements.
3.3.1	MED-over the shoulder: Talent at computer integrates appropriate peak and performs calculation.
3.3.2	SCREEN: Computer screen as talent integrates the appropriate peak, perform calculation
3.3.3.	SCREEN: Computer screen as talent averages two delta H measurements.
3.4. Subsequently, determine dQ over dt from the M2 experiment by measuring the difference between the original baseline and the new baseline following each injection. This can be done by converting the experimental data to reaction rates according to the following equation, using the enthalpy value obtained in the M1 experiment. Then fit the data to the Michaelis-Menten equation.	
3.4.1. MED-over the shoulder: Talent at computer measures difference between original and new baselines, obtains the Michaelis curve and fits data to Michaelis-Menten equation. (3.4.1 is together with original 3.4.3).
3.4.2. TEXT/EQUATION: [image: ](Video Editor: Please show this equation for first part of 2nd sentence).
3.4.3. MED-over the shoulder: Talent at computer fits data to Michaelis-Menten equation.
3.5. In particular, from the analysis program, click on the “Read data” button, and select the file.itc of the performed M2 experiment. Then, click on the scroll down arrow of the “Files of type” and select “Enzyme Assay (it?)” (pronounced Enzyme Assay).	
3.5.1. MED-over the shoulder: Talent at computer clicks on Read data button and selects appropriate file. Computer screen as talent clicks on scroll down arrow and selects Enzyme Assay. (Original 3.5.2 and 3.5.3 are together).
3.5.2. SCREEN: Computer screen as talent clicks on scroll down arrow and selects Enzyme Assay.
3.6. After the Enzyme Assay dialog box opens, select “Method 2 – Substrate only” from the window. In the delta H window, indicate the value of delta H obtained in the M1 experiment.	    
3.6.1. SCREEN: Computer screen as talent selects Method 2 – Substrate only.
3.6.2. SCREEN: Computer screen as talent types delta H value in window.
3.7. Next, click the “Zero Y Axis” button and double click just before the first injection point.
3.7.1. SCREEN: Computer screen as talent clicks Zero Y Axis button and double clicks before first injection point.
3.8. Click the Calculate Rate button to plot the rate versus the substrate concentration. Finally, use the “Fit to model” function to fit the curve and to obtain the kinetic constants.
3.8.1. SCREEN: Computer screen as talent clicks on Calculate Rate button.
3.8.2. SCREEN: Computer screen as talent uses Fit to model function to fit curve and obtain kinetic constants.

4. Results: Quantification of Enzyme Catalysis by Isotherm Titration Calorimetry
4.1 The ureolytic activity of Canavalia ensiformis, or jack bean urease, was chosen as a representative reaction to demonstrate the applicability of ITC in quantitatively determining enzymatic catalysis. A delta H value of -10.5 kcal mol-1 was measured in the M1 experiment by integrating the thermal power arising from the urea substrate injection into the urease solution and allowing the reaction to proceed to completion. The thermal power registered in the M2 experiment was converted to the reaction rate using the following equation. Fit of the obtained data to the Michaelis-Menten equation provided the kinetic parameters for jack bean urease in 20 mM HEPES pH 7 as kcat = 30,200 s-1 and KM = 3.45 mM, in agreement with previously reported data.
4.1.1 TEXT/EQUATION: [image: ](Video Editor: Please show this equation for 1st sentence).
4.1.2 LAB MEDIA: Figure 2 (Video Editor: Please highlight, or zoom into, graph A for 2nd sentence and graphs B and C for 3rd sentence).
4.1.3 TEXT/EQUATION: [image: ] (Video Editor: Please insert this equation near graph C when “using the following equation” is mentioned 3rd sentence).
4.1.4 Please, add “kcat = 30,200 s-1” and “KM = 3.45 mM” near graph C when the values are cited in the fourth sentence.
4.2 The total heat change measured in the M1 experiment represents the sum of all events occurring during the reaction under analysis, and depends on the molar enthalpy of all the processes involved. In a generic process in which the reacting system acquires protons in a buffered solution, the buffer, in order to maintain the pH, releases protons, producing additional heat within the reaction cell. Therefore, the measured delta H is apparent, and includes the intrinsic delta H of the reaction, as well as the ionization enthalpy of the buffer, and the number of exchanging protons, according to the following equation.  Using this equation, in M1 experiments, the number of exchanging protons and the intrinsic delta H can be determined by performing the same experiment in buffers with different ionization enthalpies.
4.2.0.	LAB MEDIA: Figure_H.ppt (Video Editor, please insert this image, with animation, in the second sentence 
4.2.1.	TEXT/EQUATION: [image: ]	  (Video Editor, please insert this image in the third sentence) 
	
4.3 The overall urea hydrolysis reaction results in the acquisition of a proton from the buffer. Accordingly, as described above, the heat of the reaction includes the contribution of buffer deprotonation. In order to calculate the intrinsic delta H of the hydrolysis reaction, three M1 experiments were performed in different buffers, characterized by three different enthalpies of ionization. Intrinsic enthalpy and the number of protons released from the buffer, calculated from the linear regression of the experimental data, were -14.7 kcal mol-1 and 0.98 respectively, in full agreement with data previously reported for the same reaction catalyzed by Helicobacter pylori urease.	
4.3.0.	TEXT/EQUATION: I would show again the Equation in 4.1.1. in the first sentence.
4.3.1 LAB MEDIA: Figure 3 (Video Editor: please add “Happ = -14.7 kcal mol-1” and “n = 0.98” on the plot of Figure 3 while the numbers are cited by the voice over).

5 Conclusion (said by authors on camera)
5.1 Barbara Zambelli: Applications of this procedure extend from basic to applied research and drug screening, because once the kinetics of enzymatic reaction has been determined, the experiment can be repeated in the presence of different types and concentrations of enzyme inhibitors in order to measure inhibition constants.


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.  

Insert your media filenames here.

Figure-schematic overview.pptx



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.
 2012, Journal of Visualized Experiments
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