Performing an Analytical Ultracentrifugation Velocity Experiment using Interference Optics
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Short Abstract

When done with care, an Analytical Ultracentrifugation (AUC) experiment yields valuable information used to characterize macromolecules. This video demonstrates the steps for executing a successful AUC sedimentation velocity experiment using interference optics.
Long Abstract

Analytical Ultracentrifugation (AUC) allows us to observe the movement of molecules in solution during centrifugation through the use of an optical system placed inside the centrifuge chamber that collects radial concentration profile data over the time of sedimentation.  After computational analysis, this profile provides information pertaining to purity, size, shape, sedimentation coefficients (S), oligomeric state and binding properties of the macromolecules or molecular complex under study. 1, 2

The AUC is more than a preparatory centrifuge.  It is able to accelerate to speeds up to 60,000 rpm and the forces are tremendous.  A number of safety features have been implemented into the design of the AUC, but it is still very important for the operator to be cautious and informed when performing experiments.  In addition, the components of the AUC require special handling due to delicate parts that when damaged, can lead to ruined experiments and wasted samples.

The following video will demonstrate the steps necessary to carry out a successful sedimentation velocity experiment using the Beckman Coulter Proteome Lab XLA/XLI analytical ultracentrifuge with interference optics and a four position rotor loaded with three sample cells and a counterbalance.   We will briefly explain the various parts of the AUC explore the operating and scanning software and demonstrate the controlled start of a velocity run.  After adjusting the light source, in this case a laser diode, we will start scanning and take a look at the difference of refractive index, demonstrated by a vertical fringe shift in the fringe display window, for BSA, thyroglobulin and a 1:1 mix of these two proteins. Then, by observing the fringe patterns and the scan monitors and after a quick c(s) analysis of BSA, using Sedfit analysis software, we will determine the end point of our experiment.   

1.  An overview of the analytical ultracentrifuge.

1.1. The Beckman Coulter Proteome Lab XLA/XLI analytical ultracentrifuge (AUC) has a main chamber which houses the monochromator arm and the rotor, and is controlled by proprietary software from a PC.  



1.1a The chamber, is aluminum coated with a chemical resistant epoxy and contains the optics receptacle, condenser lens cover, absorbance slit assembly and radiometer.  In the center, the drive spindle is flanked by the photoelectric device and the Hall effect sensor.3

1.2. The XLA/XLI monochromator has on one side a laser diode light source for the Rayleigh interference system and on the other, the UV light path housing with a red holding ring, large index pins for alignment and smaller more delicate electrical connector pins at the end.   

1.3 The AUC rotors
are fitted with an overspeed disk on the bottom which is a major component of the overspeed system and is specific for each rotor. The light and dark regions on the disk are read by the photoelectric detector in the centrifuge chamber to prevent running a rotor above its maximum speed.  


1.3a 4-position rotors have a maximum speed of 60,000 rpm, while an 8-position rotor’s maximum speed is 50,000 rpm.



1.3b. The overspeed disk is aligned with etches on the rotor surface to precisely position magnets embedded in the disk.  These magnets are detected by a Hall effect sensor in the centrifuge chamber to control the strobe-timing of the optical system.


1.3c. Please, handle rotors carefully.  A damaged overspeed disk could become unreadable resulting in an error message and a stopped run. 


1.4.   This video uses 3 sample cells, BSA in cell 1, Thyroglobulin in cell 2, and a 1:1 mix of these two proteins in cell 3 with PBS as reference buffer for all cells. For a demonstration how to assembly and load the cells, see the video in reference 4
2.  Setting up the Experiment.  

2.1. Pre-cool an empty rotor a few degrees below run temperature a few hours before an experiment.  After desired temperature is reached, take out the rotor for loading.4

2.2 Place the rotor, with sample cells, back inside the chamber, then attach the monochromator. 


2.2a Carefully match the large guide pins on the monochromator arm with the large guide pin holes in the optics receptacle and set it firmly into place with one motion, do not twist to align.  Secure in place by turning the holding ring in the direction of the arrow until snug.   Close the chamber door.   

2.3. To eliminate uneven temperatures within the sample cell that will result in convection, temperature equilibrate the rotor at run temperature for at least one hour before starting a velocity run.  


2.3a Turn on vacuum, set to run temperature, set speed to zero and engage the diffusion pump by hitting the start button.  This step helps to reach the threshold of 100 micron vacuum faster and get a more reliable temperature reading from the radiometer.  In addition, the “run” status will degas the diffusion pump oil to help avoid spikes in vacuum when the run begins. 



2.3b The temperature toggles below and above the set value, but will finally stabilize at run temperature and it is at this time that the one hour additional temperature equilibration period begins.  

3.  File Setup from the ProteomeLab software.       


 3.1 From the top menu in the main window, open a new file.  Check velocity and interference for cell 1, then in Details window, enter data file name.  Return to main window, then check “all settings identical to cell 1” so that those parameters will transfer to cell 2 and cell 3.  Enter sample names for each cell.  


1.3a The last rotor position is identified as the counterbalance and is not active.  When using only interference optics, the counterbalance isn’t necessary, therefore, it’s possible to place a sample cell in the last rotor position.   


3.2 Open the Options window.  NEVER check the “stop XL after run” box.  After the scanning is finished, additional scans might be necessary for small, unexpected molecules that haven’t sedimented yet.  In the overlay scan box, enter 2.  In this way, sedimentation can be visually monitored by observing the distance between the last two scans.  Return to main window.


3.3 Open the Methods window.  Enter 0 for delay start time, enter a time between scans (in this demonstration, we enter 45 seconds) and enter a total scan number of 999.  Return to main window. 


3.4 Enter run speed, set time to HOLD, enter run temperature and save.     
4.  Starting a Velocity Run 


4.1 To reach set speed, press the speed button, type in 3000 rpm, then, enter.  Increase to 10000 rpm.  Finally, enter the determined run speed.  This sequence may be unnecessary, but might help an inadvertent system shutdown when vacuum is not yet perfect.

4.2. The laser must be adjusted before interference scanning starts. This can be started as the rotor accelerates to set speed.  Set zoom to 50% to visualize the entire length of the cell.  In cell 1, go to Detail window then Laser Setup window. Notice, air-to-air space, meniscus, solution region and bottom of the cell in the fringe display window.   



4.2a. Laser delay is the rotor angle at which the laser fires, directing the beam through each cell.  To adjust, left click in either the left or right small arrow box to change the angel by .1 increments.  Bring the laser angle off in this direction until a shadow appears in the fringe pattern.  Move the angle in the opposite direction but this time count the .1 increments until a shadow appears again.  Then, go back in the opposite direction by half the count.  



4.2b. Laser duration is the amount of time the laser stays on over each cell in units of degrees, out of 360.  Increase this time and fringes become over exposed, decrease this time and fringes become underexposed.  Either will seriously degrade the data.  Increase or decrease so that both dark and light bands are clearly displayed.  Return to previous page



4.2c. Turn on the button for inside radius, place the cursor arrow just outside the meniscus, left double click and hit the set button, scanning starts here.  Turn on the outside radius button, move cursor to the bottom of the cell.  Left double click in the dark part of the fringe display window and hit set to mark the outside radius, scanning stops here.  Hit OK to return to the main window, save to update, then, Start Method Scan to start scanning.  

4.3 As scanning begins, the difference in refractive index between the reference and sample causes a fringe shift that in the graph, shows a sedimenting boundary.  We can follow it’s migration through the cell during sedimentation.   


4.3a Heavier molecules like thyroglobulin will develop a much steeper boundary due its larger size and corresponding lower diffusion compared to BSA.  The mixture, of BSA and thyroglobulin will develop 2 boundary components.  
NOTE:  During recording of Step 4. the rotor was spinning and the proteins were well along the path to sedimentation before we started taking data scans.   Remember, in a real experiment, once the rotor starts, scanning must begin as soon as possible after making the necessary laser adjustments.
5. Ending a Velocity Run 

5.1 There are several things to look for when determining if the run method is over and if your molecules of interest have fully sedimented.  



5.1a The XL monitor window will indicate that the centrifuge is not scanning and the scan monitor will show that the scanning is finished as the number of requested scans has been reached.  


5.1b Fringes will be straight across in the fringe display window and in the graphs, the boundary of interest will be gone as the protein is sedimented to the bottom of the cell.   


5.1c A quick c(s) analysis in Sedfit determines whether or not there are small species still sedimenting.5  If not, the run is complete and the rotor can be stopped.

5.3 For more information on software, tutorials, protocols and workshops, please, visit our website: https://sedfitsedphat.nibib.nih.gov/default.aspx
Thanks for watching!
Discussion: 

Our goal for this video and protocol is to highlight the basic principles and thought processes of setting up and running a routine analytical ultracentrifuge velocity experiment using interference optics.  In our laboratory, this protocol is applied to most of the materials that we see day-to-day, as a one-time experiment or as a starting point for further study of proteins and protein complexes.  

Generally, this protocol is a good default starting point, but one needs to realize that every experiment will require re-thinking each step and deciding on a protocol that works for that specific application.  For example, the mass of molecules under study will determine run speed.  Heavier molecules, over 300kDa, will have to be run at a speed lower than 50,000 rpm, but ones under 10kDa might require speeds above 50, 000 rpm.  

We routinely use the interference optics when running velocity experiments, sometimes alone or in conjunction with the UV/VIS absorbance optics.  There are a couple of very important things to remember when using the interference optics.   First and foremost, the laser must be adjusted before scanning starts.  These adjustments of laser delay and duration and setting the inside and outside scanning radius are vital to ensure good data quality.  They will differ slightly from what you see in our video, so it is imperative to learn how to make the adjustments and what optimal settings look like.  Just as important is the necessity of a controlled start, the process of temperature equilibrating the rotor and samples at run temperature for at least one hour before beginning the run.  Omitting this step can ruin an experiment due to temperature variations throughout the solution column that introduce convection making the data impossible to analyze. 
When done with care, an AUC experiment can provide a great deal of insight into the characteristics of individual or mixtures of macromolecules under investigation.
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Table of Equipment:  
	Name
	Beckman-Coulter Catalog #

	
	

	ProteomeLab XLIA/I AnalyticalUltra Centrifuge (AUC)
	969340

	4-position Ti analytical rotor
	361964

	AUC Cell Assembly
	366037

	AUC 12mm, double sector centerpiece
	306493
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