MSTARA 3/96 for pre-processed data files from the Optima XL-A








General: MSTARA is a program for the interactive evaluation of sedimentation equilibrium data derived from the uv-absorption optics of the Beckman Optima XL-A ultracentrifuge. In this implementation, the original mainframe FORTRAN version [�] has been completely rewritten in MS-QUICKBASIC 4.5 for an IBM compatible PC. It allows the model independent evaluation of sedimentation equilibrium data with the M* function [�] to give the apparent weight average molecular weight Mw,app., the conventional way via the local slopes of the ln A vs. r2 plots as well as in this imple�mentation the optional analysis of the data set with the OMEGA function [�], a function particularly well suited for the characterization of associative or interacting systems. The data files from the Optima XL-A must be pre-processed with the XL-A MS-DOS data aquisition software. With this software, the following parameters need to be deter�mined from the appropriate files: (1) The radial position of the cell bottom and (2) the baseline absorption. The baseline absorption needs to be determined from an over�speed data file if the low speed equilibrium method is applied. Once these parame�ters have been derived, the meniscus and the range of data points for the evaluation are marked and the data are stored in an ASCII file. For more information refer to the description of the XL-A software in its current DOS version. The two data files 535c2i.ra2 & 561c3ob.ra3 used for this manual are supplied on the disk as example files. The structure of the XL-A ASCII data file which is read into MSTAR is:





Chitosan 1 DS = 0.01 %


R 1 20.0 20000   80478 3.511E11 370 99


   6.9390  2.42000E-0002  1.24000E-0002


   6.9470  2.70000E-0002  1.23000E-0002


   6.9520  3.17000E-0002  1.29000E-0002


   6.9560  3.32000E-0002  1.20000E-0002


   6.9610  3.24000E-0002  1.36000E-0002


   6.9660  3.05000E-0002  1.51000E-0002


   6.9720  3.22000E-0002  1.45000E-0002


   6.9760  3.23000E-0002  1.28000E-0002


   6.9830  3.14000E-0002  1.41000E-0002


   6.9880  3.68000E-0002  1.51000E-0002


   6.9920  4.36000E-0002  1.39000E-0002


   6.9970  4.66000E-0002  1.53000E-0002


   7.0040  5.20000E-0002  1.25000E-0002


   7.0100  5.76000E-0002  1.57000E-0002


   7.0150  6.53000E-0002  1.59000E-0002


   7.0220  7.59000E-0002  1.53000E-0002


   7.0260  8.39000E-0002  1.38000E-0002


   7.0350  9.61000E-0002  1.58000E-0002


   7.0380  1.11800E-0001  1.68000E-0002


   7.0440  1.30800E-0001  2.02000E-0002


   7.0510  1.42900E-0001  1.72000E-0002


   7.0560  1.75100E-0001  1.84000E-0002


   7.0620  2.04100E-0001  1.87000E-0002


   7.0680  2.61100E-0001  2.16000E-0002


   7.0720  2.99800E-0001  1.75000E-0002


   7.0770  3.18900E-0001  2.23000E-0002


   7.0840  3.79700E-0001  1.96000E-0002


   7.0880  4.52200E-0001  2.82000E-0002


   7.0910  5.40900E-0001  2.77000E-0002


   7.0950  6.30400E-0001  2.98000E-0002


   7.1040  7.42500E-0001  4.10000E-0002


   7.1090  8.79800E-0001  4.02000E-0002


   7.1140  9.78700E-0001  2.70000E-0002


   7.1190  1.05240E+0000  2.97000E-0002


0 0 0 0


  6.9230 - meniscus


�
Important for users of the new XL-A Windows data aquisition software:





The XL-A windows data aquisition software saves the whole range of data scanned. Hence, these data files must also be pre-processed, either by using the XL-A MS-DOS software or by using the data range selection tool of MICROCAL ORIGIN (see the ORIGIN manual). However, if the ORIGIN software is used, the data files must still be edited adding the last two lines of the above presented data file.





Warning: You must measure the background or "baseline absorbance" (even if the reference solvent is dialysate) by overspeeding at the end of the sedimentation equilibrium run).








Program description:





To run the program, you need an IBM compatible PC with VGA graphics. Some time consuming calculations are carried out during the evaluation. Therefore the application of at least an 80386 equipped with a math coprocessor is recommended. Nevertheless, MSTARA will still run on an 8086 PC. For the data printout, a HP Deskjet printer is recommended. In contrast to earlier program versions, the MSTAR program has been extended so much, that the OMEGA part of the program had to be written as a separate program. Hence there are two programs called: NMSTARA.EXE and OMEGAA.EXE. Each of this programs can be executed by typing its name without the extension .EXE when in the appropriate directory. However, to ensure a more convenient data analysis especially of several data files, these evaluation programs have been embedded into a menue program called START.EXE. It is recommended to use this program to switch between the different evaluation procedures. To use the START.EXE program, a directory C:\MSTAR must be created and the files: START.EXE, NMSTARA.EXE, NMSTARI.EXE, OMEGAA.EXE and OMEGAI.EXE be copied from the disk to this directory. Now the program is started by changing into C:\MSTAR and typing START. The following menue will appear:





�


Now, choose menue point 3. For the OMEGA analysis, choose point 4. The OMEGA analysis is subject of a separate manual. After MSTARA is started, you will see the introductory screen which asks you, if you want to switch the printer on or off. The current MSTARA version has been written for the HP-Desk Jet printers. It might run with laser printers as well but it does not with any matrix printer. If you have a HP Deskjet printer connected to your computer, you will get a printout of all graphs you select while you are evaluating. Hence you are able to individually create your data documentation. You must make shure that your Deskjet printer is on-line because the program will terminate if any printer error occurs





�





If the program asks for an user input, it generally only accepts the given possibilities regardless if the user input is in lower or upper case. If any other input is given, the question for the user input is repeated. After the decision about the printouts, the user gets into the data input screen. Here, all relevant parameters are requested. The requested run number and the comment are only for documentation purposes in the printouts and appear on the title of the data printout.





�





After the data input, corrections can be made on the following screen by typing the appropriate number. If the displayed data are correct, proceed with <ENTER>.





�





Now the program requests the name of the data file. It is important to give the full name of the data file including the correct path and extension because the program will terminate if it cannot find the data file. Therefore you need to confirm that your data file input is correct before you can proceed. If the user tries to read in a raw XL-A data file, the program will terminate with an error message.





�





If the number of your data points is very small, the evaluation might be difficult, especially with noisy data, an unavoidable feature of absoption optics ! Therefore MSTARA offers a data interpolation which works as follows:





� EINBETTEN MgxDesigner  ���





First, 3 new data points (a, b, c) presented in white are created in the middle of the connecting lines between the original black data points (1 - 4). Then another 4 data points (grey) are created in the middle of the connecting lines between the white new data points and the original black data points. This interpolation maintains a slight smoothing of noisy data. Nevertheless it is recommended to use this interpolation only if the evaluation of the original data points is too difficult or even not possible. It turned out for some reason that the MSTAR evaluation cannot cope with this kind of data enhancement in every case. However, all other evaluations work with the enhanced data files.





On the next screen, your data file name is requested. You need to give the full pathname and the filename (less than 8 digits) without extension for your data files. It is recommended to use the same filename (without extension) as has been used for the XL-A data file which is currently evaluated. Therefore this filename is displayed. Again, you need to reconfirm your filename.





�





The data output of the MSTARA program has no publication quality and serves only documentation purposes. As it also might be desired to carry out further evaluations with the data generated during the evaluation, it was decided to store all relevant data in ASCII files. This enables the user to read the data with every program, self written or commercial. The ASCII files generated by MSTARA are classified by their file extension as follows:





.AA	Plot of absorbance A (corrected for baseline absorbance) versus radial position r


.A	Plot of ln A vs ( (( = (r2 - Meniscus2) / (Bottom2 - Meniscus2))


.AM	Plot of the MSTAR function M* vs (


.AMW	Plot of the apparent point weight average molar mass Mw,app.vs (


.AWJ	Plot of the apparent point weight average molar mass Mw,app.  vs A


.AMZ	Plot of the apparent point z-average molar mass Mz,app. vs (


.AZJ	Plot of the apparent point z-average molar mass Mz,app. vs A


.MYR	Plot of the Roark-Yphantis molar mass My2,r vs r


.MYA	Plot of the Roark-Yphantis molar mass My2,r vs A


.MPR	Plot of the predicted molar mass Mpred. vs A





These data files only consist of the x-y ASCII data of the corresponding plots. It is highly recommended to use the printer output of MSTARA to create a printed documentation. This documentation can then serve as reference for the ASCII files created by MSTARA. If for example an XL-A data file 540C1M.RA1 has been evaluated and the name for the MSTARA ASCII data files was chosen to be 540C1M, the data file for the ln A vs r2 plot is 540C1M.A. This open structure of MSTARA enables for example the comparison of files from different evaluations with a plot program. One application of this can be the overlay plot of Mw,app. vs A plots for different solute concentrations to distinguish between polydispersity and self-association [�]. Other applications for which the data files created by MSTARA might be useful are the fitting of the data to different models by means of regression techniques. On the next screen the baseline absorbance and the cell bottom are requested.





�





Especially with very noisy data files, it might happen that the baseline absorbance is higher than the local absorbance at some points. As the baseline absorbance is substracted from the local absorbance, this would lead to a meaningless negative absorbance. The next screen displays the XL-A data together with the basline, meniscus and cell bottom.





�





It is recommended to use this first diagnostic plot to view the XL-A data together with these positions to enable a correction of the baseline absorbance or the position of the cell bottom. After the radial absorption profile has been corrected for the baseline absorbance, the absorbance at the meniscus needs to be determined with an extrapolation procedure. This extrapolation works with a graphics cursor. The instructions to use this graphics cursor are displayed on the following screen. This graphics cursor will be used at several other stages of the MSTAR evaluation as well.





�





This extrapolation via the determination of the data range with a graphics cursor is used several times in the MSTAR program. The user can decide which range of data he wants to use for the extrapolation by moving the yellow graphics cursor. The actual x-position of the graphics cursor in pixel is displayed in a window in the upper right hand corner. If the left end of the data range is marked with the yellow graphics cursor, the position needs to be fixed and is then displayed as green line. After it is confirmed by the user that the selected position is O.K., the right end of the data range needs to be selected by analogy. The data between the marks 1 & 2 are now selected for the extrapolation. It is possible to select several more data ranges. After the whole data range has been selected for the extrapolation, the question for another mark needs to be negotiated. Now the user can input the degree n (up to 15) of a regression polynomial for the extrapolation (Usually n = 1 or 2 is recommended). The regression polynomial is of the type: � EINBETTEN Equation.2  ���. Generally, the higher degree polynomials require more calculation time. After the calculation, the regression polynomial is displayed in red together with the white data points. It may happen that the polynomial does not fit the data very well or that the meniscus absorbance extrapolated is not likely. In such a case, the whole extrapolation procedure inclusive the selection of the data range needs to be repeated. For the meniscus extrapolation it is recommended either to use a regression line (degree 1) for an appropriate range near the meniscus or a polynomial of a lower degree. Nevertheless, also regression polynomials of a higher degree may yield good results in certain cases.


�





�





It is generally possible to rescale each axis of each plot. If this is desired, press any key after the plot has been displayed and input the axis to be rescaled as well as the new minimum and maximum values. The previous values are displayed to give an orientation. The rescaling function can be used as as often as the user wants to. Due to certain limitations of the programming language Quick Basic 4.5, the numbers of the graph cannot be located at the position they should appear on the axis in every case. But it should still be obvious which number belongs to which tick mark.





From the absorption gradient and the radial positions of the meniscus and cell bottom, the cell loading concentration A0 (in absorbance units) can be predicted according to:





� EINBETTEN Equation.2  ���





�





On the next screen, the second diagnostic plot of the MSTARA program, a plot of ln A vs (, the normalized squared radial position, is displayed.





�





If the ln A vs ( plot bends downwards in the region of the cell bottom (( = 1), the system is nonideal, if it bends upwards it is either polydisperse or self-associating. Warning: Both effects can cancel each other out and lead to a straight plot. This can be misleading.





The next plot displays the MSTAR function as a function of (. M* is calculated via [� fnref harding_mstar �2�]:





� EINBETTEN Equation.2  ���





with k = � EINBETTEN Equation.2  ���, � EINBETTEN Equation.2  ���= partial specific volume of the solute, ( = buffer density, ( = angular velocity, T = thermodynamic temperature, R = gas constant. First, only the MSTAR plot is displayed to give the possibility of a printout. As usual the plot can be scaled to taste. In the next MSTAR plot, the yellow graphics cursor must be used to define the range(s) of data for the extrapolation of M* to the cell bottom (( = 1) as it is described above. After the selection of a regression polynomial and its calculation, the M* plot is displayed with the regression polynomial in red. The value of the M* function at the cell bottom (( = 1) gives the apparent weight average molar mass Mw,app. of the solute [� fnref harding_mstar �2�]. This value is displayed. In most cases it is very useful to perform several extrapolations to get an impression of the error range of Mw,app.. Two notes of caution: (1) M* data in the first half of the cell (( < 0.5) are already noisy because of low absorption increments. (2) Sometimes it occurs that M* bends very suddenly strongly in the region of the cell bottom. In such a case, the strong sudden bend  (a cell base effect) should not be taken into account. If there are no data points in the region of the cell bottom, the extrapolation becomes more difficult. In these cases it is recommended to use regression lines (degree 1) or other low degree polynomials. The following screens show a variety of different MSTAR extrapolations on the same dataset.





�





�





�





�





For the chosen example, a Mw,app. of (61,000 +/- 3,000) g/mol would be derived. This result can be reconfirmed by the classical method to derive weight average molecular weights Mw,app.(r) from the local slopes in the ln A vs. r2 resp. ( plot via:





� EINBETTEN Equation.2  ���





As the determination of Mw,app.(r) and lateron Mz,app.(r) might be time consuming depending on the computer used, the user if he/she wishes can skip this evaluation. In that case the whole evaluation is finished and the user will be asked if he/she wants to perform another evaluation. Warning: With absorption optical records, point average molecular weights can be very noisy - especially Mz,app.(r).





Experience has shown, that it is necessary to use a so called sliding strip procedure to smooth the noise in the data out somewhat which has a significant influence on the quality of the determined Mw,app.(r). The sliding strip procedure works the local slope of a data point out by determining the slope of a regression polynomial of either degree 1 or 2 (this can be selected) at this point. The length of the sliding strip determines the number of data points on each side of the point of interest, which are taken into account for the polynome regression. The greater the number of data points, the greater the smoothing and the calculation time. MSTARA recommends a quadratic polynomial and a sliding strip length which is the number of the data points devided by 10. However, the sliding strip length should in any event be between 10 and 20. When pressing <Enter> the default resp. recommended values are used.





�





The next two screens display plots of the apparent point weight average molar mass Mw,app.(r) in dependence on the radial position ( and on the absorbance A which is proportional to the solute concentration. It can be seen that the Mw,app. of (61,000 +/- 3,000) g/mol which has been derived with the M* function can be confirmed. But the data in the Mw,app.(r) vs ( and A plots scatter much more although they are already smoothed. This is an unavoidable feature of absorption optics and low absorption increments for ( < 0.5. The alternative - heavy smoothing - can give very misleading results. Nevertheless these plots of the apparent point weight average molar mass are useful diagnostic plots to detect polydispersity, nonideality or self-association as well as the detection of different solute species e.g. the smallest and biggest species. Furthermore this classical evaluation gives a further value for Mw,app. which can be very useful if the MSTAR extrapolation to the cell bottom is very difficult or even impossible. Therefore it is recommended to perform a calculation of Mw,app.(r) in any case.





�





�





After the two Mw,app. screens have been displayed, the user is asked if he/she wants to perform the evaluation of the apparent point z-average molar mass Mz,app.(r). As this evaluation is based on a double differentiation of the ln A vs ( data, it is not very reliable in many cases.





� EINBETTEN Equation.2  ���





For the determination of Mz,app.(r) the same sliding strip settings as for the Mw,app.(r) determination are used. In analogy to Mw,app.(r), two plots of Mz,app.(r) are obtained: one vs ( and one vs A.





�





�





From Mz,app.(r) and Mw,app.(r), one is able to calculate the Roark-Yphantis molar mass My,2(r) [� fnref roark_yphantis �4�] which is independent from first order non-ideality effects and the predicted molar mass Mpred.(r):





� EINBETTEN Equation.2  ���





� EINBETTEN Equation.2  ���





As discussed above, Mw,app.(r) and especially Mz,app.(r) are extremely sensitive to experimental noise. Therefore the quality of the My,2(r) plots depends on the quality of the Mw,app.(r) and Mz,app.(r) plots.





�





�





The same is valid for the plots of Mpred.(r). As can be seen in the presented example, the inaccuracies caused by the differentiation process for Mw,app.(r) and especially Mz,app.(r) can be found for Mpred. as a dependent value.





�





After these plots have been displayed, the user can get a printout of the numerical data, if the printer has been switched on in the beginning of the program. On the last screen, the user is asked if he wants to perform another evaluation. If no is selected, the program is terminated, if yes is selected, all data are cleared from the memory and another evaluation can be done. This can for example be an OMEGA analysis on the same data set. 
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