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1. Instrument specifications

· “VP DSC” Valerian Plotnikov Differential Scanning Calorimeter

· Operating Temperature: -10 to 130 C.  

· Sample cell and reference cell: 0.5 ml non-capillary type; fixed in place, non-removable.

· Short Term Noise (RMS Average): 1 (cal/min (0.07 (W) Using upscan mode at 60 C per hour with 15 second filter and over a temperature range of 5 to 110 C. 

· Baseline Repeatability: 2.5 (cal/min (0.2 (W). Average standard deviation between successive upscans at 60 C per hour with 15 second data point filter over the temperature range 5 to 110 C.

· Relaxation Time (High Gain): 5.6 seconds.

2. Supplies to bring for your experiment

We recommend that you bring the following items required for operation and cleaning:

· Cleaning reagent, if applicable (See chapter 3)

· Gloves (for handling cleaning reagents)

· Several beakers

· Stir bars for degassing reagents and water

· Kimwipe and cotton tips

· Methanol

· Floppy disk for data

3. Things to consider in advance

· Develop a cleaning strategy first.

It is crucial that you evaluate the potential contamination of the calorimeter caused by heating your sample. If you are not able to completely remove your sample from the cells, the DSC becomes unusable. Please refer to the “shutdown procedure” chapter in this handbook and review your cleaning options.

· Do you trust the cell cleaning done by the former user or would you prefer to do the cleaning yourself again in order to protect your sample?

· Make sure to use a tight syringe. There should always be 2 plungers in the wooden box.  Please notify the Keck staff if one needs to be replaced.

· Cell volume: approximately 0.5ml

· The thermal history of the DSC has significant influence on your data, therefore establish a uniform thermal history, i.e. exclude the first run (Only the first run should differ) of a scan series from your data analysis.

· Correct and reproducible filling of the cells is essential for a successful experiment. Practice your filling skills and test yourself by performing the water/water tutorial.

· The instrument is supposed to maintain a closed thermodynamic system during the entire scan period. Change the O-ring of the cell compartment if you observe pressure leaking. 

Get assistance from the Keck staff and please notify us when supplies need to be replenished.

· The Keck Facility staff calibrates and tests the VP-DSC on a regular basis. Check the Calibration history table in this folder.

Users must not calibrate the instrument themselves. 

4. How to operate the DSC Calorimeter

Please use the following step-by-step list as a convenient guide for start up and shut down routine. For more detailed instructions about specific operation principles, refer to the white VP-DSC manual, which is the up-to-date edition. Please feel free to ask the Keck staff for help or advice at any time.

4.1. Getting started

· Prepare a reference solution matching your sample (dialyze)

· Degas approximately 50ml distilled water, your sample and your reference solution.

· You may use the degassing device beside the DSC.

4.2. Start up procedure

· Follow the Keck Radiation Policy and perform the radiation check.

· Take the cell cap off.

· Please note the small hole between the calorimeter cells. This is where the pressure sensor is located, which is essential for the operation of the instrument.  It is crucial not to spill anything into this pressure sensor opening since it can destroy the sensor.
· Using the syringe supplied, take the "stand-by water" out of the cells and flush them several times with the prepared degassed water.

· Fill reference cell with your reference solution.

· If using the partial filling technique, remove the top 7/8 inch of fluid from the top of the stem.

· Fill sample cell with your sample (dialyzed into reference buffer).

· If using the partial filling technique, remove the top 7/8 inch of fluid from the top of the stem.

· Log in using the logon terminal. 

· Open the VPviewer program and wait until communication between PC and instrument has been established (real time display numbers turn black).

· Cap the cells and pressurize up to maximum (appx. 31-34 psi)

Stop if pressure exceeds 40 psi and check the cells for filling errors!
· Program your method.

· Start the run.

· Watch the pressure while performing the experiment - it has to stay around a starting value of ±3 psi.

Decreasing pressure as the temperature rises may be a sign of a leaking o-ring. 

Get assistance from the Keck staff for changing the cell o-ring.

5. Shut Down Procedure

· Close all programs.
· Shut down computer using the Start button on the desktop.
· Log off on terminal.

It is very important to clean the cells carefully to maintain the high performance of the instrument. Each cleaning job is potentially unique depending on what solution you are cleaning from the cells. First, the solution being cleaned from the cells should be soluble in the cleaning solution. For most samples - virtually all aqueous solutions - follow procedure A. For more stubborn residuals follow procedure B.  Please note that the Keck staff has sample pieces of the cell alloy which can be used for testing a potential cleaning procedure.

You are responsible for thorough cleaning of the cells. 

Cleaning procedure A (aqueous solutions)

· It is crucial not to spill anything into the pressure sensor opening located between the calorimeter cells.

· Empty both cells and flush everything thoroughly with water. Include the entire metal well around the cells in order to remove any residues.

· Use the cell cleaning apparatus to clean both cells by flushing sufficiently with:

· water

· 30-50 ml hot (approximately 75°C) detergent solution

· more water

· empty cell

· Wipe the entire well around the cells using hot (approximately 75°C) detergent solution and clean up with water afterwards.

· Make sure that no detergent residues remain.

· Fill reference cell and sample cell with "stand-by water" 

· Clean the syringe by flushing sufficiently with:

· water

· detergent solution

· more water

· methanol

Take the plunger out and store both parts separately in the wooden box.

· Loosely cover the cell compartment with the cap. Do not pressurize the cell.
· Put all parts back into the toolbox.

· Fill up the bottle with detergent solution.

· Empty the filtration flask and clean it.

· Clean up the workplace.

Cleaning procedure B (used for more stubborn residues)

· It is crucial not to spill anything into the pressure sensor opening located between the calorimeter cells.

· Empty both cells and flush everything thoroughly with water. Include the entire metal well around the cells in order to remove any residues.

· Make sure that the cells are cooled to app. 25°C.

· Cover the pressure sensor opening with the Teflon cap provided in the wooden DSC accessory box for protection. 

The white Teflon cap is attached to a handle shaped like a long metal rod with a threat)

· Fill both cells with concentrated Nitric Acid

· Cover the cell with a crumpled kimwipe and secure in place. 

Do not cover the cell with the cap. 

· Set the cell’s temperature to 85°C and allow thermostating overnight.

· Empty the nitric acid from both cells, and proceed with cleaning procedure A as described above. (Remove the Teflon cap from the cell sensor opening when all nitric acid has been removed!)

Cleaning procedure C (individualized cleaning procedure)

If your sample posts cleaning challenges not met by procedure A or B, you must consult with the Keck staff prior to running your sample.

Please note that the Keck staff has sample pieces of the cell alloy, which can be used for testing a potential cleaning procedure.

Listed below are cleaning reagents that are safe to use providing the instructions below are followed. 

The ultimate test of whether the cells have been successfully cleaned is to run 3 water-water scans and confirm that scan #2 and #3 overly perfectly. If there are doubts about the quality of the cleaning, users are required to run these test runs at the end of their experiments. The time required for cleaning is free of charge, but since charges will have to be corrected manually, you need to inform the Keck staff accordingly. 

Cleaning procedure C-1 (remove gold particles)

Cleaning reagent: Aqua Regia (HCl/HNO3)

The cell alloy withstands this strong reagent, but the steel used for the cell entrance does not very well. Therefore, please make sure not to spill, drip, or overfill the cells with the reagent.

Notice the etched spots around the entrances of the cell. This is the result of overfilling cells using Aqua Regia.

· Be careful not to spill anything into the pressure sensor opening located between the calorimeter cells.

· Empty both cells and flush everything thoroughly with water. Make sure to flush the entire metal well around the cells in order to remove any residues.

· Make sure that the cells are cooled to appx. 25°C.

· Cover the pressure sensor opening with the Teflon cap provided in the wooden DSC accessory box for protection. 

The white Teflon cap is attached to a handle shaped like a long metal rod with a threat)

· Fill both cells with Aqua Regia.

· Cover the cell with a crumpled kimwipe and secure in place.

     Do not attempt to cover the cell with the cap. 

· Set the cell’s temperature to 85°C and allow thermostating overnight.

· Remove the acid from both cells and proceed with cleaning procedure A described above. (Remove the Teflon cap from the cell sensor opening when all nitric acid has been removed.)

6. General Tips

6.1. Partially Filling procedure

     In filling the cells of the VP-DSC, it is recommended in the user’s manual that the cells and stems be totally filled with solution. While this method is adequate, we’ve found that there is a better way to fill the cells, requiring one additional step, which will yield better results.
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     The new cell filling procedure requires the operator to totally fill both cells and cell stems, just as the original procedure calls for.  After both cells and stems are filled, and the excess solution removed from the overflow reservoirs, the operator should remove the top 7/8 inch (22 mm) of fluid from the top of the stems.  This can be done by marling one of the syringes 7/8 inch from the bottom of syringe needle.  After completing the normal filling procedure, the operator will insert the marked syringe to the point where the mark is at the top of the cell stem.  The operator should then very slowly draw the volume off.  Repeat this procedure with the other cell and continue with operation.  

6.2 Origin 7.0 Software

This new software includes the following calorimetric models: 
· DSC Determination of Binding Constants: estimates binding constants by changes in Tm. 

· Protein Stability- estimates stability (delta G) of protein from 0-100°C

Origin 7.0 should only be used for data analysis. Origin 5.0 must still be used for real-time data recording and display necessary to operate the instrument.

6.3. Reverse Downscan graph in Origin

The VP-DSC downscan data is being inverted by the 'Scanrate Normalization' option, dividing the data by a negative scan rate rather than by the absolute value of the scan rate.  This is a bug in Origin and will be addressed.  For now, the easiest thing to do will be to operate on the data after the scan rate normalization by multiplying it by -1.  To do this, follow the general instructions below:

· Double click on the data set that you wish to operate on.  When the dialog box opens, click on the 'worksheet' button and it will open.  Click on the top of the Cp column so that the entire column becomes highlighted.

· From the menus, select Column\Set Column Values and another box opens that allows you to operate on the column.

· Edit the function in the box so that the equation reads 

     col(cp) = col(cp) * (-1)

· Click on the 'Do It' button and the data will be inverted.  Be sure to use the parenthesis around the negative 1 multiplier or Origin will not do it correctly.

6.4. What happens during "Prescan Wait-Final Equilibrium"?

The instrument starts heating, which throws everything out of equilibrium. During the "Prescan Wait-Final Equilibrium" period the instrument goes back to thermal equilibrium between cells and jacket and ultimately between sample cell and reference cell. The Prescan wait is >120 seconds and less than 300 seconds equaling 18000/scanrate in degree/hour.

6.5. If you want to scan at temperatures below 0°C

Contact the Keck Facility. Please do not change any settings yourself.

6.6. Which buffers work well with the DSC?

Tris-buffers as well as any other buffer showing high temperature dependence does not work well with the DSC. Lower concentrations are better as the temperature dependency is greatly reduced.  In general most buffers work well in the DSC.  DTT oxidizes, so will not work well, but HCEP is a good substitute for DTT. 

Try your buffer by scanning it repeatedly.  If the repeatability is good then the buffer is fine even if the baseline shape is curved.

6.7. Why do upscans look so different from downscans?

The mechanisms for downscan are very different than upscans and are not as repeatable:

Up-scan:


The instrument is heating the cells at a constant rates and the jacket temperature follows the cell temperature using a feedback mode. This is called an adiabatic scanning, since there is virtually no heat loss between jacket and cells ((T( 10-4 degrees).

Down-scan: 

The instrument cools through a peltier device; the jacket and cells are cooling down as well. In this mode there is always a 1-3°C (5% of scan rate) (T between cells and jacket.

6.8. What does the "Feedback" parameter do and how to adjust it?

Feedback mode changes the response time of the instrument.  In passive mode (none) the system will not actively compensate for thermal changes in the cell.  This greatly slows down the instrument’s ability to respond to fast changes.  A much slower scan rate will give you more resolution vs. temperature.  If you have a transition that is faster than the response time of the instrument, the Tm will shift in the direction of scanning as the instrument cannot keep up with the thermal activity. If you measure a higher Tm in upscan mode than you measure in downscan mode, you should try to increase the feedback parameter.

For instance, for most proteins showing a slow transition (h1/2(1 degree) passive mode is great.

High feedback would be used for lipids that have a fast transition (h1/2 is a small fraction of one degree). The higher the feedback, the more noisy the baseline as the thermal noise is increased.

6.9. Scan Rate

User Question: Does the minimum detectable thermal event (e.g., transition peak) depend on the scan rate (as it is with the DASM instruments)? 

Microcal’s answer: The faster the scan rate the higher the absolute calorimetric sensitivity.
6.10. How to record pre-scan data (extended data mode)

Some times it is desirable to record the pre-scan data, e.g. to evaluate the pre-scan baseline (presumably at equilibrium). In order to do so, place the instrument in the “extended data mode” (setup/maintenance window) prior to the experiment.

Attention: Please don’t use the extended data mode routinely, since the much larger sized data files will clog up the hard drive. Accordingly, switch the mode off in the end of the day, so that no other user might run the instrument accidentally in extended data mode

6.11. DDE error 282 and/or 285

When you have finished analyzing data files while acquiring DSC data at eh same time, you might encounter a DDE 282 or 285 error upon closing Origin windows. These errors occur when you have accidentally closed the real-time window plotting the ongoing data acquisition called ‘VP DSC Plot”.

IN GENERAL, DO NOT USE THE ORIGIN REAL-TIME WINDOW FOR ANALYZING SCANS AND DO NOT CLOSE THIS WINDOW WHILE DATA ACQUISION PROCEEDS. Rather open a separate Origin session for analysis.

How to get the real time window back?

Upon closing the real-time Origin window accidentally the following option becomes available in the VP viewer window: system\Establish DDE link for Origin...Use it, and the data acquired form this point in time forth will be plotted in a new real time Origin window.

NOTE: WHILE YOU WILL NOT BE ABLE TO OBSERVE THE DATA ACQUIRED PRIOR TO OPENING THE NEW REAL-TIME ORIGIN WINDOW, THESE DATA HAVE BEEN SAVELY STORED FOR FUTURE AANALYSIS UNDER THE DEDICATED FILE NAME.

7. Dr. Michael Blaber: 2-State Model software and others

A free software package [Windows 95/98/NT] offered as a beta-version by Dr. Michael Blaber is now available at the Keck Facility, and I would like to bring it to your attention.  It comes with the following introduction: 

Differential scanning calorimetry (DSC) of biological macromolecules can provide information regarding the enthalpy associated with a phase transition, heat capacity function of the different phases. The analysis can provide information regarding whether a system conforms to 2-state behavior. For systems involving proteins, this question usually relates to whether the native state is present in a multimeric state, or whether a folding intermediate is present. Both of these situations would result in non-2-state behavior. One way to evaluate whether the system in question is 2-state or not is to try to fit a 2-state model to the experimental data, and ask whether the agreement is within experimental error or not. 

The following discussion deals with a statistical mechanics derived 2-state model as outlined by Kidokoro and Wada (Kidokoro and Wada 1987) and Freire and Biltonen (Freire and Biltonen, 1978). 

 
Email us and we will send you the download instructions, or stop by with a PC zip-disk and get a copy.

For more recent information about the 2-State software and other software products refer to:

 http://wine1.sb.fsu.edu/  and http://wine1.sb.fsu.edu/dscmodel/2state.html.
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