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SOMO HPLC-SAXS Module:

Last updated: January 2018

NOTICE: this module is being developed by E. Brookes, J. Pérez, P. Vachette, and M. Rocco.
Portions of this help file are taken from the Supplementary Materials of Brookes et al., "Fibrinogen species as resolved by HPLC-SAXS data processing within the UltraScan SOlution MOdeler (US-
SOMO) enhanced SAS module", J. Appl. Cryst. 46:1823-1833 (2013), and from Brookes et al. "US-SOMO HPLC-SAXS Module: Dealing with Capillary Fouling, and Extraction of Pure Component
Patterns from Poorly Resolved SEC-SAXS Data", J. Appl. Cryst. 49:1827-1841, 2016. Some recent improvements are discussed in Brookes and Rocco, Eur. Biophys. J., 2018, submitted

A US-SOMQO: SAXS HPLC 3 @ &
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)
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This US-SOMO module was conceived for the analysis of HPLC-SAXS data. In the image above, the main panel of the HPLC-SAXS module is shown. The buttons with the black labels are the ones
currently active, the ones with the red labels become active when allowed by the processing/visualization stage. The graphics panel shows a collection of HPLC-SAXS log;o[/(¢)] vs. ¢ SAXS data frames
(points with 0 or negative values are automatically omitted from the visualization only) for a chicken egg-white lysozyme chromatographic separation on a Agilent BioSec-3 (3 pum particle size, 300 A pore-
size) 4.6 x 300 mm column, eluted with Hepes 50 mM, NaCl 100 mM, pH 7. Note the permanent upturn at very small g-values, due to biological material aggregated by the intense X-ray beam on the
capillary cell walls under these far from optimal experimental conditions. While this kind of problem should be (and has been) preferentially dealt with at the experimental level, we use this dataset to
demonstrate the potential for correcting data still presenting such an issue.

The left side of the window is divided in three sections, labeled "Data files", " Produced Data", and "Messages". By clicking on these labels, the corresponding panel below each label will disappear,
allowing for an expansion of the remaining other panel(s). If every panel is made to disappear, the main graph will expand to cover the full size of the HPLC-SAXS window. By clicking again of the labels,
the corresponding panels will be restored.

On the top left panel (Data files) there are four buttons:

The Add files button is used to load data into the module. An operating directory can be pre-selected by clicking on the path shown above it, and navigating in the file system (selecting the Lock checkbox
will fix that directory). The file format for SAXS data recognized by the US-SOMO HPLC-SAXS module consist of .dat files with two or three TAB- or space-separated columns containing the ¢, I(g), and
optionally their associated standard deviation (SD) values, respectively. Each frame number (or time value) must be present somewhere in the filename with a common prefix and suffix. For example,
datalsaxs.dat, data2saxs.dat, data3saxs.dat will be recognized as frames 1,2,3, where "data" and "saxs" can be replaced by any common sequence of characters. Consequently, 1.dat, 2.dat, 3.dat would be
acceptable, but abcl.dat, qrs2.dat, xyz3.dat would not, because the prefix characters are not common. Furthermore, the loader will also arrange the data files sequentially, in increasing frame number (or
time value) order. Concentration-related data should be instead uploaded using the Concentration load button (see below). I(q) vs. g and concentration data frames are automatically recognized and the
labels on the x- and y-axes are then properly set.

Similar will select files with similar names and allow manual pattern matching entry if no new similar files are selected.

Concentration will show every file listed together with their associated concentration (mg/ml), if appropriate and properly set (see below). Concentrations can also be entered and modified manually. They
can be used to normalize the /(g) vs. g data (see below). Loaded files can be displayed on the graphics panel by individually clicking on them (shift-click will select a contiguous series, ctrl-click allows
multiple irregularly spaced selections). Produced data will also show up in this panel with associated putative filenames.

Remove files will discard previously selected files (see below); if the files were produced by the module, and were not previously saved, a warning window will pop-up, allowing to proceed or to stop
removing the selected items.

Several buttons are available in the panel below the loaded files window:

Sel. all |Sel. Unsel.|Adv. Se1.| View, | Movie | Log X | Lin Y r Err = Rescale

Normalize Average | To SOMO/SAS |Widtﬂ Color
Bin Smooth |  SVD Make It || Testin) | mraketa)y

Concentration load | Rlepealt Set | Detector

Sel. all will select all files.

Sel. Unsel. will allow toggling the selection between selected files and everything else not currently selected.
Adv. Sel. will open up a panel in which several selection options can be utilized (see here).

View, active when up to ten datasets are selected, will show them in text format.

Movie: Pressing this button will open a pop-up window with the commands allowing to view in the main graphics window of the US-SOMO HPLC-SAXS module a series of selected data files in a movie-
like manner, and to optionally save each frame as an image for real movie-making operations (see here).

The Log X (Lin X) and Log Y (Lin Y) buttons allow to toggle between linear and log( scaling of the data on the x- and y-axes, respectively (if zero or negative values are present, they will be temporarily
removed when the scale is set to log|g mode, as they cannot be shown on the display in this mode). The buttons will change their respective label once pressed, to underscore what is the action currently
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available.

Selecting the Err checkbox, active when up to 10 files are selected, will switch their representation from the dots connected with a line mode, to symbols (diamonds) with their associated SDs represented
as error bars mode.

Rescale adjusts the X-Y axes on the graphics window to maximize the display of selected datasets (no effect on the data themselves).
Normalize will divide the I(q) data by the stored/entered concentrations.

Average will produce an average with propagated SDs of selected data. The I(g) values from each frame will be averaged, and then a scaling factor will be determined for each frame against the average
resulting frame. The scaling factor for each original frame multiplies the frames's SD. The average intensity SD's are computed as the square root of the sum of the squares of each curves scaled SD's, and
this is divided by the number of curves. The resulting datset filename will contain the number of frames averaged, and the initial and final frame numbers, followed by " _avg".

To SOMO/SAS will transfer selected datasets back into the US-SOMO SAS panel.
Each time the Width button is pressed, it increments the data line (or symbol) size of the plots, until it goes back to the initial value.

Color shifts the colors used in the graphics window; the operation can be repeated until a better contrast with the background is achieved. Note that the background color can be changed by right-clicking on
the plot borders, which will open up a pop-up dialogue panel where all plot characteristics can be modified.

Bin allows averaging adjacent points in /(q) datasets, starting with the first point in the file and using a binning size defined in a pop-up dialogue:

K G SOMO: HPLC enter binning & & &) X

Enter the number of points of binning:

4
OK | Cancell

Smooth performs a regularization of selected data using a moving window, whose dimension is defined in a pop-up menu (shown below), using a Gaussian smoothing kernel of 2 n+1 points.

SOMO: HPLC enter smoothing 2100 x|
Enter the number of points of smoothing:
e

oK I Cancel I

SVD opens a pop-up window were a single-value decomposition analysis (e.g., Williamson et al., Biophys J. 94, 4906-4923, 2008) can be performed on the selected data (see here). Important: the data must
be all on the same grid; if not, a warning message will appear in the bottom left Messages window: "SVD: curves must be on the same grid, try 'Crop Common' first" (see below for the use of the Crop
Common button).

Make I(?) is one of the crucial operations in the HPLC-SAXS module. It allows to generate a series of "chromatograms" ((?) vs. t, where ¢ can be real elution time or frame number) for each g-value present
in the original data files (see below). A test could be automatically performed each time an /(g) vs. g dataset is converted into an I(¢) vs. ¢ dataset to ascertain if any /(¢) vs. ¢ "chromatogram" contain useful
data, on the basis of a comparison between the signal and its associated SDs, by selecting its relative checkbox and the SD factor in the Options menu accessible from the button provided at the bottom of
this window (see here).

Test I(t) Checks the I(¢) vs. g selected curves to see if any fail the negative region test as described above.
Make I(q) is the other crucial operation in the HPLC-SAXS module. It allows to re-generate I(q) vs. g files for each frame after data treatment in frame- (or time-) space.

Concentration load is used to upload any chromatographic data files containing a concentration-related elution profile, such as those produced by UV-VIS absorption or refractive index detectors (the
program will then internally keep track of such datasets, distinguishing them from SAXS datasets). By default, the program will look for "*.txt" files, but the choice could be expanded to other extensions in
the file upload dialogue. The currently recognized format for concentration data is similar to the SAXS data format with the addition of the string "Frame data" in any place on the first line. The two or three
columns of data are the frame number, concentration-related data, and optionally an associated SD value.

Repeak is used to effectively scale data (usually a concentration-related chromatogram) on the y-axis to a pre-set target (usually a low-¢, high-intensity /(f) vs. ¢ chromatogram), selectable in a pop-up
window among the data subjected to this operation (this affects the data, a new file is generated with "rp" and the scaling factor added at the end of the filename). See more below on this subject.

Set will set an already uploaded and currently selected file containing the UV or refractive index profile vs. time or frame number as the source of the concentration-dependent signal.

Detector will allow to select the type of detector and to enter its calibration constant in a pop-up window (see here).

AL US-SOMO: SAXS HPLC 3y & &
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J, App. Cryst. 46:1823-1833, 2013)
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Since a typical HPLC-SAXS experiment produces a series of /(g) vs. ¢ data collected at some time interval ("frames"), they can be inserted in a 2D matrix where each line corresponds to a frame number (or

Page 3 of 69



time value) and the columns contain the intensities /(g) and their associated SDs at the various scattering angles ¢. It is then a simple operation to generate another matrix where the lines correspond to the ¢-
values and each column contains the intensities /(?) (and their associated SDs) corresponding to each frame number (or time value). A new data set consisting of /(?) vs. ¢ "chromatograms" for each g-value
can then be generated.

In the image above, the original /(g) vs. g data shown in the first image of this Help section have been transformed to /(?) vs. ¢ data by pressing the Make I(t) button after selecting all files. The /(2) vs. ¢ data
are automatically displayed after the conversion, and the g values are now part of the resulting filenames. Since the On Make I(t), discard I(t) with no signal above st. dev. multiplied by "2.5" was selected
in the Options menu (see here), the following Warning message appeared:

A US-SOMO: SAXS HPLC: Make I(t), discard I(E) & @ &

\il) Please note:

Make I(t), discard I(t) with no signal above std. dev. multiplied by 2.5
These curves will be discarded
Sub_lyso 0015 rad It g0 502716
Sub_lyso_0015_rad It q0_507201
Sub_lyso 0015 rad [t q0 508883
Sub_lyso 0015 rad It g0 51617
Sub_lyso 0015 rad It g0 521774
Sub_lyso 0015 rad It g0 528498
Sub lyso 0015 rad It q0 529058
Sub_lyso 0015 rad It g0 530178
Sub_lyso 0015 rad It g0 530739
Sub_lyso 0015 rad It g0 533539
Sub_lyso 0015 rad It q0 53522
Sub lyso 0015 rad It q0 53578
Sub_lyso 0015 rad It g0 5453
Sub lyso 0015 rad [t q0 54586
Sub_lyso 0015 rad [t q0 54642
... and 69 more not listed

In addition, a test is automatically performed to identify regions within a sliding window (of 25 frames in this case) where the sum of the intensity is less than the negative of the sum of the corresponding
SD values over the window. Regions with negative values could cause problems with the integral baseline subtraction procedure (see more below). This test identified just a single /(z) vs. ¢ chromatogram
failing it, as shown in a pop-up window:

A US-SOMO; SAXS HPLC: I(t) negative integral window test SRk

& Please note:

These files have failed the negative integral wind ow test of size 25
Sub lyso 0015 rad It q0 140665 negative integral region 8.40815e-06 below negative sum of 5.D. -8.26947e-06

Typically this might occur at large q values where the detector instabilities surpass the associated errors.
It could also arise from problems with buffer subtraction.

Some cropping operations (see below) can be also performed to remove very noisy low-g datasets, such as the first three ¢ values displayed in the Figure above (magenta, olive and greenblue) and/or to
truncate the datasets if necessary. All operations are recorded in the bottom left panel.

The file names of produced data are shown in the Produced Data panel to the centre-left, and can be selected and saved to files using the appropriate buttons below it.
Select all will select all files in this panel.

Invert will allow toggling the selection between selected files and everything else not currently selected.

Similar will search for similar file names after selecting a single file in this panel.

Remove will discard the selected files.

Two types of files can be produced, csv-style (Save CSV) or regular 3-columns .dat files (Save).

Show will add the selected file(s) among those produced to the ones already displayed in the graphics window.

Show only will show only the selected file(s) among those produced in the graphics window.

In the Messages area, the operations performed are tracked, and computed parameters are shown. The display can be copied or cleared from the File pull-down menu.

The last line of the left-side panels contains the Help and Options buttons. On pressing the latter, a pop-up panel will be shown:
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A US-S0MO: SAXS HPLC : Options 2 & ) X
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See here for a description of this module.

Below the US-SOMO HPLC-SAXS module graphics panel there are a series of buttons for performing several operations on the files displayed, some of which will become available only when multiple
files are selected, or a region of the graph is zoomed, while others will become available only when single files are selected:

3D ‘ CGoncentration referencel Residuals ‘ CorMap Analysis‘ Save Plots | Gance! | Keep
Blanles analysisl Baseline | Baseline apply‘ Timeshift Timescale [ SDevall | SD apply.
EMGHEMGE { Globall Gaussians | Scale Analysis Trial make I(q) | Guinier

Select: Visiblel Remove Vis! Crop Commonl Erop Visl Crop Zerosl Grop L.efl:l Undo l GErop Righl:l [Legend

When a part of the graph is selected using the mouse/left button, the buttons in the bottom line become all available (only Crop Zeros and Crop Common are available when files are just displayed after
selection).

o Select Visible will select the files shown in the graphics window, which can be zoomed using the mouse (left click & drag). For instance, this is a practical way of selecting only a few files, by zooming
on a region where only them are present.

o Remove Vis(ible) will instead remove the files shown in the graphics window.
e Crop Common will crop all selected files so that they have identical x-axis values by dropping points outside of the union of all selected file's x-axis values.
e Crop Vis(ible) will remove what is shown in the graphics window. For instance, this is practical way to trim the data on the x-axis.

e Crop Zeros will remove data having zero or negative values in the intensity columns ( discouraged: a warning panel will pop-up, asking the user whether she/he really wants to proceed, since
experimental zero or negative values have statistical significance).

e Crop Left and Crop Right will remove one point on the left or right of the selected data, respectively.

o Undo will undo the last operation.

e Legend will turn on below the graphics window a display of the correspondence between colours and filenames (automatically disabled if the selected files are 20 or more).
Of the top-row commands, two deserve already a comment at this point:

o CorMap Analysis will launch a pairwise similarity comparison between all currently selected datasets, according to our implementation of P-value computations and comparisons derived from the
Correlation Map method developed by Franke et al. (Franke D, Jeffries CM, Svergun DI. Correlation Map, a goodness-of-fit test for one-dimensional X-ray scattering spectra. Nature Methods, 12,
419-422, 2015). Specialized applications of the CorMap analysis are described at several points below. A general CorMap Analysis module description with examples can be found here.

o Save plots allows saving the data shown in any of the plots currently visualized in csv-formatted files. Pressing it will open a pop-up dialogue window where the location and the root filename for the
cvs files can be set.

Visual inspection of the /(#) vs. ¢ chromatograms can already hint at problems, such as in the lysozyme data here used as an example. In this case, it is evident that many /(?) vs. ¢ chromatograms starting
from the low-g region do not return to pre-peak elution baseline intensity values. Most likely, this is due to capillary fouling, and without proper correction these data would be mostly useless. For this, and
for less evident cases, an Integral Baseline correction procedure has been devised

The Integral Baseline method is based upon the assumption that capillary fouling deposits are formed in proportion to the sample concentration while exposed to the beam, and that neither the buffer nor
the instrumental background are contributing to this effect. That deposition on the capillary does occur is clearly proven by the fact that a steady SAXS signal is maintained even after completion of the
protein elution. The theory underlying the Integral Baseline correction procedure can be found here.

To help the user decide if a baseline correction is needed, and to find a proper region of SAXS steady state signal at the end of the chromatograms, the currently implemented Integral Baseline method
requires an analysis on blank frames. These "Blanks" (no less than 10 frames, possibly at least 20 or more must be available) should have been collected well before the void volume, and should
preferentially be the same ones that were then averaged and subtracted from all the data collected during the chromatogram development.
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Developed by Emre Brookes, Javier Pérez, Patrice hette and Mattia Rocco (see J. App.
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After Blanks files have been loaded using the Add files button (see above), their analysis is launched by pressing the Blanks analysis button. The module will automatically convert the /(g) vs. ¢ frames into
I(?) vs. t chromatograms:

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys 823-1833, 2013)
Data files
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The two vertical magenta lines and their corresponding fields at the bottom of the buttons' zone define the beginning and end regions for the Blanks analysis. By clicking on one of the fields and then
moving the mouse on the grey-scale bar-wheel just below the graphics window, these limits can be changed. This can also be done in steps of a single frame by clicking on the "<" and ">" buttons placed at
the extremities of the bar-wheel. Alternatively, the limits can be manually changed by entering a numerical value in their respective fields.

The Blanks analysis is performed by clicking on the CorMap Analysis button. This will launch a pairwise Correlation Map analysis (see here for a descrption of the CorMap implementation in the US-
SOMO HPLC-SAXS module). Before the analysis is effectively launched, a pop-up panel will appear:

Warning: datasets having finely spaced g-values might exhibit cross-correlation issues.
Sampling ane every few g points will alleviate this problem.
Would you like to%

Sample alternate g points | Specify a larger gap in g points| | Continue

It was found during the implementation of the Blanks analysis that finely spaced ¢ values might result in cross-correlation effects in the CorMap analysis (see also here). Therefore, this pop-up panel will
allow to chose a sampling in ¢ space to eliminate or at least alleviate this problem. Since usually a one-every-two values sampling is sufficent, this can be directly done by pressing the Sample alternate g
points button. Larger sampling intervals can be chosen by entering an integer value after pressing the Specify a larger gap in q points button. If no sampling is wanted, the Continue button should be pressed.
A second pop-up option will also allow to start the CorMap analysis above a chosen ¢,,;, value, to avoid including very noisy, low- ¢ values in the analysis:

If you have noisy low g data, you may wish to eliminate these points
from Corkdap analysis by setting a non-zero minimum g value here:

10.0000]
Ok | Cancel |

After these choices are made, the analysis is effectively launched, and the results are shown in a new pop-up panel (see here for a full description of the CorMap implementation):
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A US-SOMO: Corlvap Analysis ¥ (&) (x

Blanks mode t 1 to 89. Maximum g limit is 0.05 [4*-1]. Only every 2nd g value sampled.
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Ref. Red cluster size

Alpha is 0.01 A|

Pairwise P walue map color definitions:
P iz the pairwise P walue as determined by a CorMap analysis

Green corresponds to P == 0.05
Yellow corresponds to 0.05 = P »= 0.01
Red corresponds to 0.01 = F

Axes ticks correspond to Ref. as listed below

P wvalues:
97.7% green (90.9%) + yellow (6.8%) pairs
2.3% red pairs

Zverage one-to-all P walue 0.3126 x0.06158 (19.7%) % red 2.3% £2.6 (11Z2.7%)
Red cluster count 84, average size 1.06 =0.24 (ZZ.5%), average size as pot of total area 0.0% =0.0
Red cluster maximum size 2 (0.1%) has 3 cccurrences and first ocourrence begins at [4,42].

Ref. : Time/Frame Avg. P wvalue Min. P Valus % Red
1 :1 0.3301 0.03101 0.0% hd|
[~ Holm-Bonferrani adjusted P values

Help | Save | Load | Close |

The pop-up panel begings by reporting on the top bar the type of analysis (here "Blanks mode t 1 - 89"), the max ¢ limit used (here 0.05 A'l), and the sampling used (here "Only every ond q value
selected").

Three plots are present on the top of the panel:

o A Pairwise P-value map, a square matrix in which the square (i,j) contains the P-value resulting from the (i,/) curves represented by a three color code: green for P > 0.05, yellow for 0.01 < P <0.05,
and red for P < 0.01. The labels on the axes correspond to the reference numbers given to the analyzed frames (see below).

o A Red pair % histogram plot as a function of the time/frame number, derived from the analysis of the pairwise P-value map in terms of the distribution of values between the three classes with an
emphasis on the % of red squares.

o A Red cluster size histogram, derived from an evaluation of the average size of clusters of horizontally and/or vertically adjacent "red" squares. After careful examination of several indicators derived
from the P-value map analysis, this was chosen as the most reliable to determine the global similarity between all frames of the considered subset.

The text area reports first the the pairwise P-map color definition, and then where to look for the correspondence between the axis ticks and the actual data. Then follows a summary of the most relevant
data:

o A summary of the resulting P values pairs in terms of the green+yellow sum % and red % values.

o The average one-to-all P value =+ its SD (in parentheses the % SD value) and the % of red values + their SD (in parentheses the % SD value.)

o The red cluster count, their average size + their SD (in parentheses the % SD value) and their average + SD size as % of the total area.

o The red cluster maximum size (with its % in respect to the total area), the number of occurences of that cluster size, and the position of the first occurence.
Below these summaries, the first list reports the correspondence between the "Reference numbers" (Ref) assigned to each dataset (here frames) and its "real" name. This was introduced to avoid having to
deal with complicated names in the axes legends on the plots (in this case, the frame numbers that were extracted from the /(?) vs. ¢ filenames start at "1", so they are equal to the "Ref" numbers). The list
also reports for each frame the Avg. P value, the Min. P value, and the % Red points.

At the end of the first list, a second list reports all the pairwise comparisons results, including the number of points compared (N), followed by the g point position where the longest streak occurs (Start
point), then the length of the longest streak (C), and finally the P-value of a streak of length C occurring in a sequence of N points, as shown in the image below:

85 : B85 0.3208 0.03101 0.0%
86 : 87 0.2385 0.03101 0.0%
a7 : 88 0.2861 0.01509 0.0%
88 : 89 0.3541 0.007314 1.1%
Time/Frams Time/Frame N &tart point C P-valus
1 2 39 26 5 0.4587
1 3 39 17 5 0.4587
1 [ 35 11 6 0.2495
1 5 35 3 5 0.4587
1 5} 39 29 4 0.741
1 7 39 5 5 0.4587
1 g 39 27 5 0.4587 |

At the end of the text area, a checkbox is present. If selected, the paiwise analyses will be adjusted for multiple testing using the Holm-Bonferroni approach (Holm, S. A simple sequentially rejective
multiple test procedure. Scandinavian Journal of Statistics 6:65-70, 1979; see here):
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US-SOMO: Corlap Analysis v [~ X

Blanks mode t 1 to §9. Maximum g limit is 0.05 [4*-1]. Only every 2nd q value sampled.

Holim- Bonferroni adjusted o i
Pairwise P value map Red pair % histogram

40 &0 (Lines represent average, 1 SD)
S N N N

Red %

I B e e
i 0.2 0.4 0.6 0.8 1
Red cluster size

&lpha is 0.01 -

Holm-Bonferroni pairwise P walue map color definitions:
P is the pairwise P walue as determined by a CorMap analysis

Green corresponds to P »= 1.,306e-05
¥ellow corresponds to 1.306e-05 = P »= Z.6lZe-06
Red corresponds to 2.61l2e-08 > P

&xes ticks correspond to Ref. as listed below

Holm-Bonferroni adjusted P walues:
100.0% green (100.0%) + wellow (0.0%) pairs
0.0% red pairs

Average cne-to-all P value 0.31Z6 =0.06158 (19.7%) % red 0.0% 0.0
No red clusters found.

Ref. @ Time/Frame avg. P wvalue Min. P Value % Red
1 :1 0.3301 0.03101 0.0% |

¥ Holm-Bonferroni adjusted P values

Help Save Load Close

Note that in this case the Holm-Bonferroni multiple testing adjustment on a dataset where a one-every-two g-values sampling was applied has produced a completely green pairwise P-values map. Without
sampling, this is what is obtained without the Holm-Bonferroni adjustment:

o L US-SOMO: Corlap Analysis > ) (X

Blanks mode t 1 to 89. Maximum g limit is 0.05 [A~-1].

Pairwsise P value map Red pair o histogram
i (Lines represent average, 1
sD)
250 o
200
= 150 -]
= ]
2 ]
o
100
50
0 .
[ SRR AREEE RS EEE]
1] 5 10 15 20 Fats} 30
Red cluster size

Pairwise P wvalue map color definitions:
P is the pairwise P walue as determined by a CorMap analysis

Green corresponds to P == 0.05
Yellow corresponds to 0.05 > P == 0.01
Fed corresponds to 0.01 = p

Axes ticks correspond to Ref. as listed below

P walues:
69.2% green (42.1%) + yvellow (27.2%) pairs
30.8% red pairs

Average ohe-to-all P walue 0.07287 x0.0269% (37.0%) % red 30.8% x11.9 (38.5%)
Fed cluster count 438, average size 2.69 +3.47 (129.0%), average size as pet of total area 0.1% +0.1
Red cluster maxzimum size 30 (0.8%) has 1 ocourrence and begins at [13,78].

Ref. : Time/Frame Avg. P value Min. P ¥alue % Red
1 :1 0.09271 0.0004882 24.1% =

™ Holm-Bonferroni adjusted P values:

Help Save Load Close

and with Holm-Bonferroni adjustment:
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N G US-SOMO: Corlap Analysis ) ) (X

Blanks mode t 1 to 89. Maximum g limit is 0.05 [A*-1].

Holm-Bonferroni adjusted o b
Pairwise P value map Red pair % histogram

(Lines represent average, 1
sD)

40 <1}

Count

il 05 1 15 2
Red cluster size
Alpha is 0.01 -

Holm-EBonferroni pairwise P wvalue map color definitions:
P is the pairwise P wvalue as determined by a CorMap analysis

Green corresponds to P »= 1.311e-05
¥ellow corresponds to 1.311e-05 > P == 2.618=-08
Red corresponds to 2.618e-06 = P

&xes ticks correspond to Ref. as listed below

Holm-EBonferroni adjusted P wvalues:
99.8% green (99.7%) + yellow (0.1%) pairs
0.2% red pairs

Average ohe-to-all P walue 0.07287 x0.02699 (37.0%) % red 0.2% x0.7 (349.3%)
Red cluster count 8, average size 1.00 x0.00 (0.0%), average size as pct of total area 0.0% =0.0
Fed cluster maximum size 1 (0.0%) has 8 cccurrences and first ocourrence begins at [2,52].

Ref. : Time/Frame avg. P value Min. P ¥alue % Red
1 :1 0.0%9271 0.0004882 0.0% hd|
W ‘Halm-Bonferroni adjusted P values:

Help Save Load Close

All data listed in the CorMap analyis pop-up window can be saved in a csv-type file with the Save button. Previously analyzed datasets can be recalled with the Load button.
After closing the CorMap analysis window, the Blanks data can be accepted by pressing the Keep button. Cancel will instead discard the current CorMap analysis.

The Integral Baseline analysis of the actual sample frames can then begin. Contrary to what was required in our previously developed Integral Baseline method, the current version requires that all /(?) vs. ¢
chromatograms must be selected before hitting the Baseline button.

In any case, on pressing Baseline a first pop-up warning message will always appear:

K G US-SOMO: SAXS HPLC : Utilize blanks in baseline analysis N NES

@ Do wou wish to utilize reference blanks for baseline analysis?
Without reference blanks, only the adjusted Holm-Bonferroni method can be used.

| Yes, utilize blanks | Mo, proceed withaut hlanks |

This allows the user to proceed without using a Blanks reference set to judge if a stable baseline has been reached at the end of the chromatograms. In this case, only the Holm-Bonferroni adjusted pairwise
comparison will be used.

If Blanks are to be used, a second pop-up warning message will appear:

\3) You must have blanks processed to proceed

The blanks should be non-averaged buffer frames {whose average value was then subtracted from the elution frames)

If you do not have the buffers corresponding to their present elution, then the preloaded blanks should have been chasen in a similar way:
The blanks do nat have to be *the” blanks used for the present elution, even if it is strongly recommended,

but at least blanks collected an the same beamline with a similar set-up {distance, pixel size, energy).

Y¥ou have the following options

Accept currently analyzed blanks

Load blanks Load previous analysis EHepesBuﬁer_Dm4_rad_52_ﬂ38_cqu0_05§

alerting that a blanks analysis is needed to proceed any further, and offering up to three options:
e Load blanks, which will allow to load I(g) vs. ¢ Blanks files to be subjected to the analysis as described above;
o Load previous analysis, which will allow to select a previously saved Blanks analysis cvs file;

and, if Blanks were analyzed during the current session,
o Accept currently analyzed blanks (followed by the filename of the currently analyzed blanks).

Another pop-up will then appear, reminding that the first step in the Integral Baseline procedure is to find a final region of constant intensity:

\il) The first step of the integral baseline procedure is to determine a constant final baseline.

After pressing OK, the graphics window will present all the selected /(z) vs. t chromatograms and switch to the Baseline mode of analysis:
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As shown in the image above, this superimposes to the selected chromatograms three vertical lines on the right side, the last two lines of buttons under the graphics window are replaced by three colored
fields (magenta-red-magenta), and a dashed line is drawn horizontally (orange). In addition, a Fix window width checkbox with its associated magenta-colored field in now present ( default: 20 frames,

unchecked), as well as a new Find best region button.
The first vertical magenta line, which by default is positioned at 75% of the available frames, has multiple usages:

o [t defines the starting frame of a sliding window over which a CorMap analysis will be carried out;
o [t will also define the first frame where the CorMap analysis will start;
o When the Integral Baseline is calculated, it will be the end point of the computations (but the calculated baseline, which will be constant beyond this point, will be then subtracted up to the last frame).
The second vertical magenta line defines the end of the sliding window (default: 20 frames beyond the first magenta line).
The vertical red line defines the end for the sliding window analysis (default position: 5 frames from the end of the available frames).
The horizontal orange line represents the average intensity across the current window of the lowest g-value among the selected (z) vs. t chromatograms.
It is important to remind that the baseline is set to be at zero at the beginning of the data on the left side.

The positions of the three vertical lines are indicated in the three background color-coded fields. By cliking on one of the fields, the corresponding vertical line position can be changed using either the grey-
shades bar-wheel, or the "<" and ">" buttons at its sides. Manual values can be also entered.

If the Fix window width checkbox is not selected, moving either of the two vertical magenta lines will also change the width of the sliding window.

It is then best to first define a window width by moving either one of the vertical magenta lines, and then fix it by selecting the Fix window width checkbox. At this point, the entire window can by
positioned by using either of the two vertical magenta lines. It is suggested to position it in a region where there is still some visible intensity decay, as shown below:

0.00012—H

I(t) [a.u.]
T

2e-05
0
Time [a.u.]
< | | | | T] > | 1160
Baseline
i) | 5] =4 e referencel BEsEs | Cartap Analysis | Save Plots | Cancel | HEEm
Blanks analysis Easelifie Test haseline | Easelife anply, ifEskii: MifesEalE | =N | e
v Fixwindow width: z0 Find best region

The baseline analysis is then completed by pressing the Find best region button.

This will launch a special CorMap analysis in which first a global CorMap calculation will be carried out between the entire range of frames from the first vertical magenta line to the vertical red line.
Subsets of this CorMap analysis corresponding to the sliding window regions will then be extracted and compared with the average of all possible CorMap analysis results extracted from the pre-analyzed
Blanks data for a sliding window of the same size.

In addition, the analysis will calculate the integrated average intensity at each frame of all the I(¢) values from the minimum g-value selected up to the g,,,, defined in the Options panel (default: 0.05 A'l).

The results will appear in two pop-up panels. The first one is analogous to the one appearing after the Blanks analysis:
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AL US-50MO: Coriap Analysis v a) X

Baseline mode t 1160 to 1310, Maximum q limit is 0.05 [A*-1]. Only every 2Znd q value sampled.

Pairwise P value map Red pair %% histogram
50 100 50 (Lines represent average, 1 SD) Red cluster size histogram
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Ref. Red cluster size

Pairwise P walue map color definitions:
P is the pairwise P wvalue as determined by a CorMap analysis

Green corresponds to P == 0.05
Yellow corresponds to 0.05 = P == 0.01
Red corresponds to 0.01 =P

Axes ticks correspond to Ref. as listed below

P waluss:
43.5% green (35.5%) + yellow (8.0%) pairs
56.5% red pairs

Average one-to-all P walue 0.1105 x0.06733 (61.0%) % red 56.5% x20.8 (36.9%)
Eed cluster count 306, average size 20.91 £329.74 (1577.3%), average size as pet of total area 0.2% £2.9
Red cluster maximum size 5770 (50.9%) has 1 ccourrence and begins at [1,7].

Ref. : Time/Frame Avg. P wvalue Min. P Value % Red
1 : 11&0 0.002887 3.6358e-12 L hd|
[ Holm-Baonferroni adjusted P values

Help Save ‘ Load Close

Here, it can be appreciated the almost completely red left and top sides of the Pairwise P value map plot, originating from the fact that regions on the descending side of the elution peak were included in the
analysis. This also heavily affects the right-side Red cluster size histogram, with an almost invisible huge size (=5000) but extremely low count cluster greatly compressing the scale. If we zoom on the low
red cluster size region, this is what becomes visible:

Red cluster size histogram
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Red cluster size
But most relevant is the second pop-up panel that will appear on top of the first:
AL US-SOMO: HPLC SAXS Baseline Best Region Analysis : Sub_lyso_0015_rad_IE 2 () (%

by start frame
value selected.
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Start Frame (window width 20 frames)

&lpha is 0.01
Integral baseline correction is possible
Baseline 2nalysis:

Name Sub_lyso_0015_rad_It

g sampling interwval 2

Cormap Analysis maximum g [&"-1] 0.05

Best start positions based on avg. red cluster =size
1229,1230,1231,1232,1259,1260,1261,1262,1263,1264,1281,1282,1283,1284,1285,1286,1287,1288,1289,1290,1251
Lowest awverage intensity position 12590

Elanks frames:

Name HepesBuffer 0014 _rad_ s2 f88_ogmx0_05
g sampling interwal z

Mazimum window width g8

Used window width 20

Number of sliding windows of this width averaged 659

Used window red cluster average size 1.02225

Used window red cluster average size =d 0.144147

Set region in HPLC window

Help ‘ Close

The graph in this panel is composed of two plots, both as a function of the starting window position. The bottom histogram (left-side y-axis scale) reports the average red cluster size for each window in the
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sliding window ensemble. The horizontal green solid line defines the Blanks average red cluster size for all possible windows of the same size as the sliding window utilized for the Sample analysis (the
dotted line represents + 1 SD). The bars in the histograms are colored red when they are above the Blanks + 1 SD value, while cyan and white when they are < the Blanks + 1 SD value, with the white being
the lowest value(s) (equal values are possible).

The top plot (right-side y-axis scale) reports the averaged /(g) for ¢ < the g,,,, value (0.05 Al by default, as set in the Options), as the solid orange line, with the dotted orange lines representing +1 SD.
The solid magenta line defines the zero value expected for blanks-subtracted data when only buffer is present.

The goal of this combined analysis is twofold:

e To find region(s) of steady-state intensity;

e To compare the average integrated /(q) intensity with the zero value expected for pure buffer conditions.
The first message appearing in the text region concerns the second of the points listed above.

o Ifthe average integrated /(q) =1 SD vs. starting frame position plot is always above the zero reference line and there is at least one occurrence of an average red cluster size being equal or less than
the Blanks' average red cluster size +1 SD, the message "Integral baseline correction is possible" appears.

o If'the average integrated /(¢) +1 SD vs. starting frame position plot is always above the zero reference line but the average red cluster sizes are always higher than the Blanks' average red cluster size
+1 SD, the message "Integral baseline correction would be possible, but no steady-state end region has been identified" appears.

o If the average integrated /(g) £1 SD vs. starting frame position plot crosses and goes below the zero reference line, irrespective of the average red cluster size status, the message " Integral baseline
correction is not recommended" appears.

Below the summary sentence, a first report of the baseline analysis is printed. It contains:

e The root name of the files analyzed,

e The g sampling interval,

e The CorMap analysis ¢4y

o A list of the best starting positions for end frames (that span a length equal to the chosen sliding window size) where the average red cluster size is within 1 SD similar to those of the Blanks (white bars
in the histogram; if no white bars are present, green bars will be listed; if neither white of green bars are present, a single, lowest count bar will be listed, colored yellow in the histogram);

o In orange color, the frame position of the lowest average integrated intensity.

A second block of information is then printed further down, containing Blanks-related information:

The root name of the Blanks frames files utilized in this analysis;
Their g sampling interval;

The maximum available sliding window width;

The used sliding window width;

The number of sliding windows averaged;

The red cluster average size for the used sliding window;

And its associated SD.

® o o o ¢ o o

The user should then examine the information provided and consider the suggestion made at the top of the text window:
If the averaged integrated intensity -1 SD reaches at some point the zero line, then no Baseline correction is likely necessary.

If the averaged integrated intensity -1 SD at some point crosses and goes +1 SD below the zero line, then other issues might be present, such as incorrect Blanks subtraction, or drifting problems. In the
latter case, a Linear Baseline correction might be indicated (see here).

If the averaged integrated intensity is always above +1 SD of the zero line, then an Integral Baseline correction could be necessary. The second condition warranting it is that there is an end region where a
sufficient number of Sample frames (equal to the sliding window size by definition) is judged by the average red cluster size of the Pairwise P value Map to be similar within +1 SD of the average Blanks
frames. Those are the starting frames listed in the first block of summary information, but beware of the presence of a single yellow-colored starting frame: it means that no frames passed the stringent
Pairwise P value Map average red cluster size test, and that the listed frame is only the one having the lowest average red cluster size (which can be much higher than the Blanks average red cluster size).
The user could try repeating the analysis using a different (smaller) sliding window size. Check also the starting/ending positions to be sure to include an appropriate end region for this analysis.

When both the Integral Baseline applicability conditions are met, the user could automatically transfer the position of the window into the Baseline module, by clicking on the Set region in the HPLC
window bar at the bottom of the an analysis window. This will open a pop-up panel:

AR o) US-SOMO: HPLC SAXS Baseline Best Region Anal... %) ) 1) (X

There are multiple equivalent starting positions for the integral baseline window
Please choose one from this list

[12m ﬂi

listing all possible starting positions for the baseline window, beginning with the farthest one. The user should pick a position matching with the lowest average integrated intensity frame position (orange
colored text). If more than a lowest average integrated intensity frame is available, it is advisable to pick an earlier one, to avoid a potential undercorrection when integral baseline subtraction is performed.
Once a position is chosen, clicking on OK will transfer it to the Baseline module panel:
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To verify what the Integral Baseline will effectively produce, Test Baseline should be launched. This will show in scroll mode every original /(%) vs. ¢ chromatogram, a smoothed version using a Gaussian
smoothing kernel of 2n+1 points (where n is set in the Options panel, with n = 3 as default), the iterations in the Integral Baseline computation (whose number is also set in the Options panel, with 5 as
default), and the final, integral baseline-corrected chromatogram:

o.ooo12

0.0001

de-05

fe-03

I(t) [a.u.]

4e-05

2e-03

Time [a.u.]

Sub_lyso_0015_rad_It_g0_00791044
Baseline

D) | U e = reference| REEHE]E | (Etify I Al e | ek e B | Cancel | [REE
Elatike: analysis| BEaselife | MestliEselne | Baselie apply| AESHITE | MifEsEalE | RN | BN o |
| 1290 | 1310 | 1309 7 Fix window width: | 20 Find BEstregan

In the example shown above, blue is an original /(?) vs. ¢ chromatogram at g = 0.00791 A1, white its smoothed version with the default settings, cream, olive green, orange and pale yellow are integral

baseline iterations 1, 2, 3 and 5, respectively (the 4t jteration is not visible, completely superimposed by the Sth), and light green is the final, integral baseline-corrected /(?) vs. ¢t chromatogram. The Gaussian
smoothing is applied to remove large oscillations in the original /(?) vs. ¢ chromatogram, giving rise occasionally to values below the current integral baseline iteration, leading then to addition rather than
subtraction in the computations. The final integral baseline is then subtracted from the original /(?) vs. t chromatogram, not the smoothed one.

As can be seen in the example above, the procedure appears to have produced a reasonable correction. All /(?) vs. ¢ chromatograms can be checked in the 7est baseline mode, which can be abandoned by
pressing Cancel.

The Integral Baseline procedure can now be applied to all selected /(z) vs. ¢t chromatograms by pressing Baseline apply. If files that failed the negative regions test within a sliding window (of 25 frames in
this case) where the sum of the intensity is less than the negative of the sum of the corresponding SD values over the window are present, this message will again appear:

A

& Please note:

These files have failed the negative integral wind ow test of size 25
Sub lyso 0015 rad It q0 140665 negative integral region 8.40815e-06 below negative sum of 5.D. -8.26947e-06

US-SOMO: SAXS HPLC: I(t) negative integral window test

Typically this might occur at large q values where the detector instabilities surpass the associated errors.
It could also arise from problems with buffer subtraction.

After pressing Ok, all the integral baselines will be computed and then subtracted from the /(#) vs. ¢t chromatograms. When the overall computed change in baseline is found to be negative, no baseline
correction is applied. A pop-up panel will alert the user listing the first 20 such occurences and giving the number of all the others found:

AN

Flease note:

These warnings were produced when performing the baseline correction

Motice: the overall change in baseline of Sub_lyso_0015_rad_It_gq0_157604 is
Motice: the overall change in baseline of Sub_lyso_0015_rad_It_gq0_166637 is
Motice: the overall change in baseline of Sub_lyso_0015_rad_It_gq0_167202 is
Motice: the overall change in baseline of Sub_lyso_0015_rad_It_gq0_167767 is
Motice: the overall change in baseline of Sub_lyso_0015_rad_It_gq0_172283 is
Matice: the averall change in baseline of Sub_lyso_0015_rad_It_g0_172847 is
Motice: the averall change in baseline of Sub_lyso_0015_rad_It_g0_174541 is

negative
negative
negative
negative
negative

£.93641e-09), 50 no baseline correction will be
3.30645e-08), 50 no baseline correction will be
£.51635e-08), 50 no baseline correction will be

(= applied
(_

(_

(~2.34931e-08), s0 no baseline correction will be
(_

(_

(_

applied
applied
applied
applied
applied
applied

6.06165e-08), 50 no baseline correction will be
negative (-1.19437e-08), 0 ho baseline carrection will be
negative (-8.24305e-09), s0 no baseline carrection will be

Motice:
Motice:
Motice:
Motice:
Motice:
Motice:
Motice:
Motice:

the overall change in baseline
the overall change in haseline
the overall change in haseline
the overall change in baseline
the overall change in baseline
the overall change in baseline
the overall change in baseline
the overall change in baseline

... and 326 more not listed

Each resulting baseline-subtracted chromatogram will have a "-bi" added after the ¢ value and an "-s" at the end of the filename to indicate that an integral baseline subtraction was applied (if a linear
baseline option is used, the first label will be "-bl"). The numerical value of the overall change in baseline and the alpha value (for an explanation alpha see here) are also added to the filename of the

of Sub_lysa_0015_rad_It_g0_175105 is
of Sub_lyso_0015_rad_It_g0_178492 is
of Sub_lyso_0015_rad_It_g0_173057 is
of Sub_lyso_0015_rad_It_g0_183008 is
of Sub_lyso_0015_rad_lt_g0_183573 is
of Sub_lyso_0015_rad_It_g0_184702 is
of Sub_lyso_0015_rad_It_g0_185266 is

negative (-1.06686e-08), s0 no baseline carrection will be
negative (-8.41677e-08), 50 no baseline correction will be
negative (-3.03183e-08), s0 no baseline correction will be
negative (-3.13472e-10), s0 no bhaseline correction will be
negative (-2.14883e-08), s0 no baseline correction will be
negative (-1.70143e-08), s0 no baseline correction will be
negative (-3.40496e-08), s0 no baseline correction will be

applied
applied
applied
applied
applied
applied
applied

of Sub_lyso_0015_rad_It_g0_16583 is negative (-5.73277e-08), so no haseline correction will be applied

produced files, as shown in the Data files panel. Files where no baseline was subtracted will have a "0s" at the end of the filename:
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AL US-50MO; SAXS HPLC 2 L) (¢

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys 823-1833, 2013)
Data files
[~ Lock fhomedultrascan/HPLC_SAX S/ yso_15_14_SOMO/Blanks i
&dd files il Concentrations Remove files i
0.0001 4
ge-05
3 5 '; fie-05 |
T47 of 1362 files selected = b
Sel. all | Sel. Unsel. | Adv. Sel. | ey, | hovie | Log X | Log Y |I— Ett Rescale = B
Vel | EUErane | T BODlE L | widtn | calor ]
Eiri | Smooth | SVD Make iy | Testig | Makelm a3
Concentration load | Hepeak: D | Detectar i
Produced Data Ze-05 -
fhomedultrascan/HPLC_SaX5E/Ays0_15_14_SOMOBlanks/produced B
e T e T T T
Sub_lysa_0015_rad_|t_q0_455023-bi-2_85152e-05-0s 2 T
Sub_lyso_0015_rad_It_g0_455584-hi-1_29906e-08-03 1
Sub_lyso_0015_rad_It_q0_461199-hi3_F6268e-05-0_00137837s Z‘ 0
0 of 747 files selected i i 5
Select all | Invert | Similar | BEmuE | VB | ZAE | T T i I T T T T T T T T T T T T T T T T 1
1100 1150 1200 1250 1300
Y, ot R L Time [a.u.]
File 3D | ) =L reference| Rz el il | Corkdap Analysis | Save Plots | Eance | iz
Meration 4 dela_Bl 3.76260e-00 Mok 2. 7298e-05 alpha 000137037 smoothing 3 ~|_Blanks analysis | Baseline | HasEline =l | IHTEEHITE | imesnalE | Sl el | SRy
iteration 5 delta_Bl 3.76265e-08 Itot 2.7298e-05 alpha 0.00137637 smaothing 3 A T | e | Scale Analysis | Trial make I{) | T
z‘ |z Visible| BEMEYE IS | Crop Comm0n| ST e | Crop Zeros | ) | e foj | ) ) B ] | LLenEm
Help | Options | Close

If the baseline procedure without Blanks was selected, the Baseline module will proceed slightly differently.

First, the "sampling" pop-ups will appear, since in this case the sampling is not set by what was used for the Blanks:

Warning: datasets hawving finely spaced g-values might exhibit cross-correlation issues.
Sampling one every few o points will alleviate this problem.
Would you like to?

Sample alternate g points Specify a larger gap in o points| | Continue

If you have noisy low o data, you may wish to eliminate these points
from Corkdap analysis by sefting a non-zero minimum g value here:

0.000]
(018 | Cancel |

In the following example, no sampling was applied. The sliding window size and the beginning-end of the baseline analysis region are set as with the procedure with Blanks (see above), and the Find best
region button is then pressed. The CorMap results will this time be displayed with the Holm-Bonferroni checkbox automatically selected:

K L US-SOMO: Corlvap Analysis <3= s () (X
Baseline mode t 1160 to 1310. Maximum g limit is 0.05 [A~1].

Holm-Bonferroni adjusted

FPairwise P value map Red pair % hiStOQram
100 al (Lines represent average, £1 SD) Red cluster size histogram
100
80
60—
®
b=
@ -
o= | | ——
40—
20

T
g0 100 120 140
Ref. Red cluster size

Holm-Bonferroni pairwise P walue map color definitions:
P is the pairwise P walue as determined by a CorMap analysis

Green corresponds to P »= 8.731e-06
Tellow corresponds to 8.731e-06 = P »= 1.654e-06
Red corresponds to 1.654de-06 = P

Axes ticks correspond to Ref. as listed below

Holm-Bonferroni adjusted P walues:
53.4% green (50.6%) + yellow (2.8%) pairs
16.6% red pairs

Average cne-to-all P walue 0.0261 =0.01778 (68.1%) % red 46.6% x22.1 (47.4%)
Eed cluster count 225, average size 23.46 £319.60 (136Z.5%), average size as pet of total area 0.2% £2.8
Red cluster maximum size 4796 (42.3%) has 1 ocourrence and begins at [1,7].

Ref. : Time/Frame avg. P value Min. P Value % Red
1 : 1160 0.0005178 2.647e-23 96.0% =

¥ Holm-Bonferroni adjusted P values

Help Save Load Close

The second pop-up will also appear:
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L US-SOMO: HPLC SAXS Baseline Best Region Analysis : Sub_lyso_0015_rad_|t 2= v) () (X

Baseline avy. I{q) and red pair % by start frame (wi idth 20 frames).

Red pair %
['nre] (b)) abetasy

T T T T
1200 1220 1240 1260
Start Frame (window width 20 frames)

T I
1160 1180

Holm-Bonferroni adjustment is actiwve
Integral baseline correction is possible

Baseline &nalysis:

Name Sub_lyso 0015 _rad It

g sampling interwal none

Cormap &nalysis maximum g [&~-1] 0.05

Best start positions based on red pair % 1230,1231,1232,1285,1286,1287,1288,1289
Lowest average intensity positicon 1290

Used window width z0

Set region in HPLC window

Help Close

In respect with the analysis including a comparison with the Blanks (see above), there are two differences:
e The histogram reports the Red pair % instead of the Average Red Cluster size. This is because with the Holm-Bonferroni adjustment the formation of red cluster is severely inhibited.

o The Blanks average line is obviously absent. The cut-off to mark the histogram bars white is set to 1%. If no window reaches this level, the lowest window will be marked with a yellow color in the
histogram.

All other functionalities are as with the analysis including the Blanks comparison.

A first assessment of the results of the Integral Baseline subtraction can be done by comparing two identical subsets of 1(¢) vs. ¢ chromatograms before and after correction. In the figure below, the subsets
are from ¢ = 0.00791 to ¢ = 0.05029 A-1scaled on each other in a frame interval corresponding to the half-height of the peak, before (top panel) and after (bottom panel) baseline subtraction:

0.00012

0.0001

Ge-05

6e-05

I(t) [a.u.]

4e-05

2e-05

12'00
Time [a.u.]

The fact that the right-hand sides of the peaks are nicely superimposed after baseline subtraction validates a posteriori the procedure used to build the baseline, since for a single species the elution peaks at
different g-values should be strictly proportional to each other.

More checks of the Integral Baseline subtraction correctness can be performed using the Trial make I(g) mode. In this mode, the selected /(f) vs. ¢t chromatograms are temporarily transposed back into /(g)
vs. ¢ frames and can be analyzed by either scaling or Guinier approximation utilities. In the example below, we have selected a subset of g-values from ~0.008 to ~0.21 A~!, and we have pressed the Trial
make I(g) button:
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AL US-50MO; SAXS HPLC 2 L) (¢

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys 823-1833, 2013)
Data files
[~ Lock fhomesultrascan/HPLC_SaXS/A yso_15_14_SOMO/Lyso_(t) i
S pilES il EEEnTEE: FEMEYETES J
A e 4] 0.0001
Ge-05 —
b_| 0015_r t_q0_210098- z 0 b
=
Sub_lyso_0015_rad_it_g0_z10662-hi1_20963e-07-0_001176563 - 3 Be-05+
359 of 1434 files selected % 1
el all | ael Ursel | i sel | i | ] OiE | Log ¥ | Log ¥ |I— Err Rescale = 71
Vel | EUErane | T BODlE L | po0s |
Eiri T D e e e e i
Concentration load | Hepeak: D | [VElECinT: .
Produced Data 2e-05 4
Momedultrascan/HPLC_SaX S/ yso_15_14_SOMO/Lyso_l{f produced
e e i s 4
Sub_lysa_0015_rad_|t_q0_455023-bi-2_85152e-05-0s 2 |
Sub_lyso_0015_rad_It_g0_455584-hi-1_29906e-08-03 il
Sub_lyso_0015_rad_It_q0_461199-hi3_F6268e-05-0_00137837s Z‘ i
0 of 747 files selected —
(et all | [FIkETE | Eiil=ir | BefmatE | AL ) | FalE | 1100 1150 1200 1250 1300
SO, A ] Time [a.u.]
| = 1130
FEile Trial make I{g)
iteration 4 delta_ET 3.76268e-08 ot 2.7295e-05 alpha 0.00737837 smoothing 3 ﬂ A | EatEentratitn reference | FEsid uElE | CarfE Analysisc’ Eii= Sl i | Cancel | HEEH
iteration 5 delta_BEl 3.76265e-08 Itot 2.7238e-05 alpha 000137837 smoothing 3 - : - : e
=il e | o b A S e A Scale Analysis il ke | Guinier
=frine range ror o N IO | V- range |Creste (@) e
Help | (i | Close

This will bring up again the gray-shades wheel-bar and change the two lowermost bars with the buttons below the graphics window. At the bottom, a Time range for I(q): label will appear, followed by two
fields with red background indicating the region subjected to the Test I(q) procedure. The limits can be changed by either clicking on each red-colored field and then using the gray-shades bar-wheel at the
top, or on the "<" and ">" buttons placed at its sides. Alternatively, if a region was pre-selected with the mouse, it can be applied by clicking on the Vis. range button. In this example, we have set the Time
range for I(q) limits from frame 1100 to 1130.

Two operations can be then performed. Pressing the Scale Analysis button on the row above will change the layout in this way (note that, by pressing Log X and Log Y on the left-side commands panel,
both axes have also been changed to logj):

A US-50MO; SAXS HPLC ) &) i
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys 823-1833, 2013)
Data files
I Lock ‘homesultrascand/HPLC_SAXS/Lysa_15_14_SOMO/Lysa_l(h 0.0001
_ i
-5
=
o
w
= 1e-05
=
339 of 1494 files selected ';' |
sz an | EE e | i e i R e [Rescale| S,
Htmzizen Average | T e e i Eeier| = g
B e ) el e -
Caoncentration load | HEpEAk et | [VEtECTnat
Produced Data
fhomesultrascan/HPLC_SA&XS/A yso_15_14_SOMO/Lyso_lif)produced 1e-06 -
Sub_lyso_0015_rad_lt_hs1128 ﬂ 1
Sub_lyso_0015_rad_lt_hs1123 -
Sub_lyso_0015_rad_lt_hs1130 Z‘
0 of 747 files selected
GElBRtal | [Fibert | Siiar | e e | Fele | SalE | q [1/Angstrom] (log scale)
) et { = 0.08
Scale Analysis
File D) | EOTTEEtrat reference| Residuals | Corkdap Analysis | sraye Bt | Cancel | iz

[Teration 4 defa Bl 3.7626ae-00 0L 2,72 906- 05 alpha 0.001 37837 smaotng 3 | Faussians | Global Gaussians Goalel Analeis Trial make 1(g) Fuinier
iteration 5 delta_Bl 3.76266e-08 Itot 2.7238e-05 alpha 0.00137537 smoothing 3 .
I seron g rang o scaing: I M -

- Scale to: % Minimum ¢ hMaximum [T Save interpolated to target | Reset scaling | apply | Cregtesealed set

Help | (it | Close

The two lowermost rows now display the tools for scaling the back-generated temporary /(¢g) vs. ¢ curves on top of each other. The two red-background fields now indicate the actual ¢ range for scaling,
which can be adjusted by clicking on each field and using the gray-shades bar-wheel at the top or on the "<" and ">" buttons placed at its sides; two vertical red lines will mark the corresponding positions
on the graph. The Reset ¢ range button will re-expand the ¢ range.

The last row contains the scaling settings/commands:

e The Scale to: round checkboxes will scale the curves to either the Minimum (default) or the Maximum values among the selected curves.

o The Save interpolated to target checkbox ensures all ¢ or ¢ grids of the data will be identical by interpolating each curve to the minimum or maximum intensity curve. This is a convenience tool to
allow curves generated on different grids to be put on a common grid.

o Reset scaling will return to the initial situation.
o Apply will perform the scaling.
e The Create scaled set will generated an actual set of scaled data which can be then saved as files.

In the image below, the scaling has been performed on the indicated ¢ range. The Messages panel reports the statistics of the scaling process as applied to each curve scaled on the one with the lowest
intensity:
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) US-SOMO: SAXS HPLC 2 L) (¢
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys 823-1833, 2013)

Data files
fhomesultrascan/HPLC_SaXS/A yso_15_14_SOMO/Lyso_(t)

[~ Lock

(e e ] 2 B e A ) R e

1e-05+

I{q) [a.u.] (log scale)

Te-06—

359 of 1434 files selected

E2 A e e e i e s R e [Resesie
Vel | EUErane | T BODlE L |
Eiri T D e e e e

Concentration load | Hepeak: D | [VElECinT:

Produced Data =
Momedultrascan/HPLC_SaX S/ yso_15_14_SOMO/Lyso_l{f produced ;
Sub_lyso_0015_rad_lt_hs1128 ﬂ E
Sub_lyso_0015_rad_lt_bs1123
Sub_lyso_0015_rad_|t_bs1130 j
0 of 747 files selected
seletall | e | i rilil=1r | BEmuE | VB | ZAE |
Y, ot R L

(e Scale Analysis
Sub_lyso_0015_rad_It_hs1128 : scale 0.674712 chi~2=162.793 df=105 nchi=1.24516 r_sigma=0.022455 ﬂ i | S g i e | Residuals | Corkap Analysis | SEy eI ETE | Cancel | BB

nehir_sigima=0.0273539 Ll B BT A S | el b B BT etz = el Trial make (o) gl
Sub_lyso_0015_rad_lt_bs1129 : scale 0.931846 chi*2=183.28 df=105 nchi=1.32116 r_sigma=0.022455 -
nchi'r_sigma=0.023667" I”_Scro g vange for scaling: | I r::c! q r2nge

- Scale to: & Minimum ¢ bMaximum [T Save interpolated to target | Reset scaling | Apply | Create scaled set

Help | WHETHNE | Close

By pressing Residuals, the residuals of the scaling operation are also shown. If the Scroll checkbox is selected, the scaled files can be examined one at a time, scrolling through them using the gray-shades
wheel-bar or the "<" and ">" buttons placed at its sides. The file name of the data currently shown will appear below the gray-shades wheel-bar, as shown here:

0.0007 - g3

1e-05 —

I{q) [a.u.] (log scale)

1e-06

Ia

T

=1

[=)
1

2e-06

delta I{q)

=
P AN T I Y

Sub_lyso_0015_rad_It_bs1108
Scale Analysis

50 | ) e = reference| Residuals | Cortdap Analysis | ke B s | Cancel | iz

=10 e | ] o e e el e Trial make I{g) (LT TEL
@ 5010l range for scaling. IR ADER (LG Fesel q range

Scale to: % Minimum ¢ Maximum [~ Save interpolated to target | Reset scaling | Epply | Create scaled set

A CorMap analysis can be also performed on the scaled set by pressing CorMap Analysis. This will produce two pop-up outputs, one containg the CorMap analysis on the full g-range available:
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AL US-SOMO: Corlvap Analysis <4= ® M o

Scale mode scaled on q range 0.02 to 0.08: Full g range used for analysis. Only every 2nd g value sampled.

Pairwise P value map Red pair LA histogram
10 (Lines represent average, 1 SD) Red cluster size histogram
q 12 4
25 10
20 5
O £ ]
15—
3 CH
£ Q]
10] 4]
54 2__
0 Laot- - 0l - hhiuledeh
T T e e R R S,
] 5 10 15 20 25 30 ] 2 4 B § 10 1z
Ref. Red cluster size

Alpha is 0.01

Pairwise P walue map color definitions:
P is the pairwise P wvalue as determined by a CorMap analysis

Green corresponds to P == 0.05
Yellow corresponds to 0.05 = P == 0.01
Red corresponds to 0.01 =P

Axes ticks correspond to Ref. as listed below

P waluss:
90.1% green (66.0%) + yellow (24.1%) pairs
9.9% red pairs

Average one-to-all P walue 0.2034 x0.07576 (37.2%) % red 9.9% x5.9 (89.8%)
Eed cluster count 21, average size 2.19 x2.42 (110.5%), average size as pet of total area 0.5% 20.5
Red cluster maxzimum size 12 (2.6%) has 1 occurrence and begins at [5,15].

Ref. : Name avg. P wvalue Min. P Value % Red
1 : Sub_lysc_0015_rad_It_lbs1100 0.08148 0.0001554 26.7% hd|

[~ iHolm-Bonferroni adjusted P values!

Help ‘ Save Load Close

and the other limited to the g,,,,, value presente in the Options (0.05 Alin this case):

K & US-SOMO: Corlvap Analysis <5= v o)X
Scale mode scaled on g range 0.02 to 0.08: Maximum g limit is 0.05 [A*-1]. Only every 2nd q value sampled.

Pairwise P value map Red pair % histogram
10 {Lines represent average, £1 SD) Red cluster size histogram
40
30
3 A =
g ] 3
&= 20 Q
10+
0
[T T T [T
0 5 10 15 20 25 30
Ref. Red cluster size

&lpha is 0.01 -~

Pairwise P walus map color definitions:
P is the pairwise P walue as determined by a CorMap analysis

Green corresponds to P »= 0.05
Tellow corresponds to 0.05 > P >= 0.01
Red corresponds to 0.01 = F

Axes ticks correspond to Ref. as listed below

P wvalues:
91.6% green (81.9%) + vellow (9.7%) pairs
§.4% red pairs

Average one-to-all P wvalue 0.2555 x0.08181 (32.0%) % red 5.4% x5.3 (110.9%)
Red cluster count £Z5, average size 1.56 x1.45 (92.7%), average size as pet of total area 0.3% x0.3
Red cluster mazimum size 7 (1.5%) has 1 occurrence and begins at [1,20].

Fef. : Name Zvg. P wvalus Min. P Valus % Red
1 : gub_lyso 0015 rad It ks=1100 0.1615 0.003416 16.7% hd|

[ iHolm-Bonferrani adjusted P values:

Help Save Load Close

Note that one-every-other g-value has been utilized in this analysis. As can be seen, both the pairwise P-value map and the red pair % histogram indicate that with the exception of three frames of the

ensemble (#2, #9 and #31, corresponding to frames #1101, #1108 and #1130), most are similar to all the others, with an overall =8-9% of red pairs. Limiting the lower g-values to 0.015 A1 reduced this
overall % red pairs count to 6% (not shown), with frames #1101 and #1130 still being substantially different from all others.

If the Holm-Bonferroni adjusted P values checkbox is selected, these will be the results:

Page 18 of 69



N G US-SOMO: Corlvap Analysis =4= v () (X

Scale mode scaled on q range 0.02 to 0.08: Full g range used for analysis. Only every 2nd g value sampled.
Holm-Bonferroni adjusted o i
Pairwise P value map Red pair 3 hlstogram

(Lines represent average, £1 SD)

10 20

- o 1

1
0 5 10 15 20 25 30 i 0.5 1 15 z
Ref. Red cluster size

&lpha is 0.01

Holm-Bonferroni pairwise P wvalue map color definitions:
P iz the pairwise P walue as determined by a CorMap analysis

Green corresponds to P =»= 0.000108
¥ellow corresponds to 0.0001058 = P »>= Z.155e-05
Red corresponds to 2.155e-05 > P

2xes ticks correspond to Ref. as listed below

Holm-Bonferroni adjusted P wvalues:
30 .8% green (99.6%) + yellow (0.2%) pairs
0.2% red pairs

Average one-to-all P walue 0.2034 =0.07576 (37.2%) % red 0.2% x0.8 (387.1%)
Red cluster count 1, average size 1.00 £0.00 (0.0%), average size as pct of total area 0.2% z0.0
Red cluster maximum size 1 (0.2%) has 1 occurrence and begins at [6,15].

Ref. : Name avg. P walue Min. P Value % Red
1 : Bub_lyso_0015_rad_It_bsi100 0.08148 0.0001554 0.0% =
W Holm-Bonferroni adjusted P values
Help Save Load Close
K US-SOMO: Corlvap Analysis <5= v () (X

Scale mode scaled on g range 0.02 to 0.08: Maximum g limit is 0.05 [A*-1]. Only every 2nd q value sampled.
Holm-Bonfetroni adjusted o i
Pairwise P value map Red pair ] hlstogram

10 o (Lines represent average, 1 SD)

Red %
Count

T T
1] & 10 15 20 25 30 0 0.z 04 0.6 0.8 1
Ref. Red cluster size

Alpha is 0.01

Holm-Bonferroni pairwise P walue map color definitions:
P is the pairwise P value as determined by a CorMap analysis

Green corresponds to P == 0.0001075
Tellow corresponds te 0.0001075 = P o»= 2.151=-05
Red corresponds to 2.151e-05 = P

Axes ticks correspond to Ref. as listed below

Holm-Bonferroni adjusted P walues:
100.0% green (100.0%) + yellow (0.0%) pairs
0.0% red pairs

AZverage one-to-all P walue 0.2555 =0.08181 (32.0%) % red 0.0% =0.0
No red clusters found.

Ref. : Name Zvg. P wvalue Min. P Value % Red
1 : Bub_lyso 0015 _rad_It_ks1100 0.1615 0.003416 0.0% hd|
¥ Holm-Baonferroni adjusted P values

Help Save Load Close

Clearly, the combination of the one-every-other g-value sampling and the Holm-Bonferroni adjustment is over-permissive for this dataset. If the analysis is repeated without the sampling, these are the
results:
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K L US-SOMO: Corlvap Analysis =3= v () (X

Scale mode scaled on g range 0.02 to 0.08: Full g range used for analysis.

Holm-Bonferroni adjusted o b
Pairwise P value map Red pair % hlstogram
10 (Lines represent average, £1 SD) Red cluster size histogram

- 25 —
25 ]
] 20—
20 ]
" 1 o 15
1 e
15 g
5 g2 ]
T o
] 10+
105 ]
5] 5]
0 0

T T T

0 5 10 15 20 25 30
Ref. Red cluster size

pha is -

Holm-Bonferroni pairwise P value map coleor definitions:
P is the pairwise P wvalue as determined by a CorMap analysis

Green corresponds to P =»= 0.000130Z2
Yellow corresponds to 0.0001302 = P »= 2.358=-05
Red corresponds to 2.358e-05 = P

Axes ticks correspond to Ref. as listed below

Holm-Bonferroni adjusted P values:
91.2% green (82.6%) + yellow (8.6%) pairs
§.8% red pairs

Average cne-to-all P walue 0.02027 x0.0118 (58.2%) % red 8.8% 7.4 (84.3%)
Red cluster count 30, average size 1.37 x0.76 (56.0%), average size as pet of total area 0.3% 20.2
Red cluster maximum size 4 (0.9%) has 1 occurrence and begins at [6,15].

Ref. : Name avg. P wvalue Min. P Value % Red
1 : Bub_lyso 0015 _rad_It_kbs1100 0.004057 5.875e-10 10.0% =l
W :Holm-Bonferroni adjusted P values|
Help Save Load Close
US-SOMO: Corlviap Analysis <4= > ) (X
Scale mode scaled on g range 0.02 to 0.08: Maximum q limit is 0.05 [A*~1].
Holm-Bonfetroni adjusted o i
Pairwise P value map Red pair % histogram
10 (Lines represent average, +1 SD) Red cluster size histogram

15

=

=

= 10—

=)

o A
5

R 0 - S Lio-bio-bioobid 4obdo-bid
I R B e e e e e e R R B e o e e e e BAREEEEEET
1} ] 10 13 20 23 30 0 0.5 1 1.5 2 2.5 3 3.5 4
Ref. Red cluster size

&lpha is 0.01 -

Holm-Bonferroni pairwise P wvalue map color definitions:
P is the pairwise P walue as determined by a CorMap analysis

Green corresponds to P »= 0.0001186
¥ellow corresponds to 0.0001166 > P »= Z.2Z68e-05
Red corresponds to 2.268e-05 > P

Axes ticks correspond to Ref. as listed below

Holm-Bonferroni adjusted P wvalues:
34.8% green (92.3%) + yellow (2.6%) pailrs
5.2% red pairs

Average one-to-all P walue 0.07169 x0.04162 (58.1%) % red 5.2% x6.7 (129.0%)
Red cluster count 20, average size 1.20 x0.86Z (51.3%), average size as pct of total area 0.3% x0.1
Red cluster maximum size 3 (0.6%) has Z occurrences and first occurrence begins at [2,12].

Ref. : Name Zvg. P walue Min. P Value % Red
1 : Bub_lyso 0015 _rad_It_bs1100 0.03373 1.335e-05 3.3% =
¥ Holm-Bonferrani adjusted P values

Help Save Load Close

In this case, similar results are obtained as with the one-every-other ¢g-value sampling and no Holm-Bonferroni adjustment.
Pressing Cancel will completely exit from the Test I(g) mode.

Pressing Trial make I(q) will instead exit from the scaling mode only.

Pressing then the Guinier button will call the other test function available in the Test I(g) mode:

If the maximum ¢ value for the currently examined /(g) vs. ¢ dataset does not reach the MW[RT] q .. cut-off value present in the Options panel for the Rambo and Tainer approximate molecular weight
calculation method (see here), a warning will appear:

oy
& MWW [RT] calculations are calibrated for a gmax of 0.2
24 curves of 24 have gmax below calibration gmax
The minimum gmax found in the curves is 0.162265
See the text area for curve specific details

Pressing Ok will allow to proceed, showing the Guinier mode of the Trial make I(q) panel (in the case examined, the pop-up alert dit not appear, as the g,,,, utilized was >0.2 A']):
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MW[RT] Avg. 1.35e+04 (83.97) [1.336e+04:1.375e+04]

The lowermost row now carries the tools necessary to perform a Guinier analysis on the back-generated temporary /(g) vs. ¢ curves:

e The g range: fields (red background) indicate the g range currently selected. By clicking on each one and using the gray-shades bar-wheel at the top or the " <" and ">" buttons placed at its sides, the g-

range can be changed.

e The plot extension: fields provide a g range extension of the Guinier and Residuals plots, allowing additional g range before (left box) and after (right) the Guinier range to be shown. By clicking on

one and using the gray-shades bar-wheel at the top or the "<" and ">" buttons placed at its sides, the g-range extension can be changed.
The SD checkbox controls if the linear regressions for the Guinier analyses are carried out with SD weighting ( default: checked).

The gmax*Rg checkbox and its associated field enable a sequential routine which examines, starting from the higher g value utilized in the regression (gqy), if the product g,,4,* Ry is < the limit set in
the apposite field (the default value is set in the Options panel). If the products exceeds the limit, that g,,,, value is dropped, and the regression is repeated utilizing the next lower ¢ value. The test is
repeated until a g,y value satisfying the g4 *Rg < set limit is found. It is highly advisable to deselect this checkbox before manually changing the g range fields, and to re-select it afterwards,

otherwise the program will continuously repeat the g;,,4,*Rg routine while the limits are manually moved.

At the bottom of this window region, the averages values for all the curves are reported, and they include:

The number of curves used (Avg. xx curves);

The average gmax*Rg (where gmax is the maximum ¢ value included in the Guinier analysis), with the range in square brackets;
The average Rg, with the SD in round brackets and the range in square brackets;

The average intensity extrapolated at 0 scattering angle 10, with the SD in round brackets and the range in square brackets.

In the line below, an approximates molecular average molecular weight, MW/RT] is reported, together with its SD (in round brackets) and range [in square brackets], based on the method of Rambo

and Tainer (Accurate assesment of mass, models and resolution by small-angle scattering. Nature 496:477-481, 2013). If the available g-range is below that required by the method, a warning message

appears in the Messages area.
The regression data for each individual curve are reported in the Messages window.

The residuals of each linear regression can be seen by pressing Residuals:

AL US-50MO: SAXS HPLC sl

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)

Data files -
0.0001 5§
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75:5ub_lyso_D015_rad_|t_bs75 Rg 15.2 (0.1) (&) {0} 2.75e-05 (3.93e-08) qRg [0.159,1.184] ptz 118 chi*2 I Scroll g range: _— plat extension: | 0.0001 | Se-05 ¥ 5D IV gmax"Ry limit: | 1.2
5.22e-02 r-chi 2.10e-02 Avg. 33 curves gmax™Rg 1.196 [1.191:1.200] Rg 14.8 (0.2) [14.5:15.3] 10 6.74e-05 (2.54e-05) [2.78e-05:1.03e-0¢
S0 on vo[T] 1.6e+02 G[T] 1.65e+03 MW[RT] 1.348+04 j MWIRT] Avg. 1.35e+04 (83.97) [1.336e+04:1.375e+04]

Help | igiiails LT T T T T T T T T TTTT T T T IR Close

Note how the average Rg recovered for this extended set, 14.8£0.2 A, compares well with the 15.0 A that can be calculated from the lysozyme average NMR structure (1ESL.pdb) using the WAXSiS server

(http://waxsis.uni-goettingen.de/).

As with the scaling option, every individual Guinier plot can be visualized by selecting the Scroll checkbox and using the gray-shades wheel-bar:
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W Scrall g range: [EDTGIIGNN DIGSGEsa /ot extension: | 0.000100001] [ Se-05 [ 8D [ gmaxcRglimit: [ 1.2

Avg. 33 curves qmax*Rg 1.196 [1.191:1.200] Rg 14.8 (0.2) [14.5:15.3] 10 6.74e-05 (2.54e-05) [2.78e-05:1.03e-04]

At this point, a plot of the Rg values across the chromatogram together with a typical /(¢) profile (continuous green curve) can be shown by pressing Rg plot:

00001 | ¥°%

Intensity [a.u.] (log scale)

Te-05 -

T
0.004
q~2 [17/Angstrom”™2]

Rg [Angstrom]

Time [a.u.]
N I
Guinier
D) | U e = referenc:e| Ry plot | Appros kW plot| Residuals | Erifla .ﬁ.nalysis| ek B e | Cancel | IREEH
B ERRE | el bl R eSS el e i A o | Trial make I{g) | (S HIET
Time range for Ry plat; | 4z | 76 Rgrange:|  14.4335 | 154188 ™ Lockrange | Replot

™ Scrall g range: |GG DISGEsal /ot extension: [ 0.000100001] [ Se-05 | 8D [ gmaxcRglimit: [ 1.2
Avg. 33 curves gmax*Rg 1.196 [1.191:1.200] Rg 14.8 (0.2) [14.5:15.3] 10 6.74e-05 (2.549e-05) [2.78e-05:1.03e-04]

A new row will appear below the graphics window, with these fields:

o Time range for Rg plot: with its two fields. Clicking on each one and using the gray-scale bar-wheel at the top or the " <" and ">" buttons placed at its sides will allow to expand or restrict the Time
axis (by default, the original time range is shown).

e Rgrange: with its two fields. Clicking on each one and using the gray-scale bar-wheel at the top or the " <" and ">" buttons placed at its sides will allow to expand or restrict the R, range. The default
is governed by the actual R, with error bars range with an additional empty space of 2.5% of the total range added to the lower and upper R, limit.

e The Lock range checkbox if selected will maintain the actual shown R, range. Pressing the Replot button will replot the data keeping the selected R, range and maximizing the /(¢) profile within the
selected time range limits.

The scroll capability can also be activated in this mode, and the currently selected Guinier plot will be highlighted in the R, plot:
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Likewise, plots of the approximate molecular weight calculations can be shown by pressing the Approx. MW plot button:
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Pressing Test I(q) button will bring back the main options of this utility.

Pressing the Cancel button will exit the Test I(q) utility.

If Gaussian analysis is not required, a series of /(g) vs. g frames can be re-created at this stage from the baseline-corrected data by pressing the Make I(g) button.

Another new feature present in this release of the US-SOMO HPLC-SAXS module is an alternative way of estimating the errors associated with the SAXS data. This might become useful if no errors have
been already associated with the experimental data, or if their reliability is questionable.

The method is based on the assumption that the fluctuations of the signal at the baseline level are a good representation of the error associated with the data an any other point along each /(?) vs. ¢

chromatogram. Therefore, by estimating the average fluctuations in flat regions of the chromatogram, a constant SD value can be associated with every datapoint in that particular chromatogram.
Obviously, different chromatograms will have different values for their respective constant SD.

Upon selecting a single /(z) vs ¢t chromatogram, the actual SD associated with it can be visualized by selecting the Err checkbox in the Data files commands section, as shown in the image below:

Page 23 of 69



) US-SOMO: SAXS HPLC 2 L) (¢
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys 823-1833, 2013)

Data files
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By pressing the SD eval. button, two vertical red lines will be superimposed on the initial region of the chromatogram, and two red-background fields controlling their position will appear in the bottom row
of the commands below the graphics window:

A US-50MO; SAXS HPLC ) ) (6

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and M

Data files
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An additional checkbox, 2 regions, if selected will duplicate the vertical lines and their associate fields (colored magenta this time), allowing to utilize more than one flat region for the SD estimation:
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AL US-50MO; SAXS HPLC 2 L) (¢

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys 823-1833, 2013)
Data files

[~ Lock fhomedultrascan/HPLC_SAXS/Lyso_15_14_SOWO

i uiES | e ] 2 ] e A e R E e
Ul Iyso 00T 5_rad__gU_0U9B0a53-BIT_a642e-Uo-U_U06dZ /EES
_0015_rad_t_g0_0101706-hit_t
Sub Iyso 0015 _rad_[t_g0_0107356-hi1_35649e-03- EI 00471637%
Sub_lysa_0015_rad_It_q0_0113006-bi1_13012e-05-0_00393219s
Sub_lyso_0015_rad_It_gq0_0118657-hi9_8G322e-06-0_00355263
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The SD evaluation is carried out by fitting the data included between each zone with a 3™

average between the values computed from each region.

degree polynomial, and taking the RMSD of the fit as the SD. If two regions are chosen, the final SD will be an

After adjusting the zone(s) for the SD evaluation, pressing Keep will accept the values, and the SD apply button becomes available. Pressing it will apply the SD calculation to any selected chromatogram.
In the example below, the same chromatogram is plotted twice, with the old (salmon) and new (slate gray) SDs:

r . US-SOMO; SAXS HPLC x &) &
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App
Data files
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T L b T

Sub_lyso_001 5_rad_|t_q0_59?328—b|—6_229?39—0?—08 i

Sub_lysa_0015_rad_|t_q0_S97857-bi-6_80332e-07-0s

Sub_lyso_0015_rad_It_q0_0101706-bi1_55399e-05-0_005336725_sde
0 of 1941 files selected

b

L

Select all | Invert | Similar | FEmukE | TEE S | EENE | T | T T L T v )
i 50 100 130 z0o z30
L) i R Time [a.u.]
Fila 3D | ETEERtratT reference| Residuals | Cartdap Analysis | Save Plots | Eaticel | iz
SO trange 0.0003G1 19,9601 50 1.026776-00 1 fangez 219.979.286.77 oD 1.6i442e-06 overal o0 | Blanksranallss | Baseline | dasElinge 2l (TSI | inmEseslE | Sl | S0 apply
1.51886e-06 (FANEE A | (bl e s e Scale &nalysis | il rEke | LI TET
Z‘ e E Visible| B raRE e | Crap Common| e | Crop Zeras | (et LT | ol | e e | =4 =i
Help | Options T T L T T T T T T T T T T T Close

A blow-up of the main peak region highlights how the two SDs are very close to each other, demonstrating that the assumptions taken for this alternative SD evaluation produce SDs which are very similar
to the ones that have been associated to the original SAXS data using a Poisson distribution. The main difference is that the original SDs vary slightly with the intensity for each /(?) vs. ¢ chromatogram,
while the baseline fluctuations method produces constant SD values for each /(?) vs. ¢t chromatogram.
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9e-035
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Te-05
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Time [a.u.]
3D | EOGE AT referenc:e| Residuals | Corkdap Analysis | Save Plots | wancel | i)
El=me atizlsis | Baseline | EEselife 2y | Pz | ifESEalE | Bz | S0 apply
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(1] e

Select Visible| Remove ¥is | Crop Comm0n| Crop Wis | Crop Zeros | Crop Left | | Crop Right | Legen |

Gaussian decomposition of not baseline-resolved peaks is another utility present in the US-SOMO HPLC-SAXS module. Decomposition with symmetrical Gaussian functions will be first described using a
bovine serum albumin (BSA) SEC-SAXS run using two 7.8 x 300 mm ID columns packed with hydroxylated polymethacrylate particles (TSK G4000PWXL, 10 um size, 500 A pore size, and
G3000PWXL, 6 um size, 200 A pore size, Tosoh Bioscience, Tokyo, Japan) connected in series, protected by a 6 x 40 mm guard column filled with G3000PW resin (Tosoh). The data presented capillary
fouling evidence, and were thus subjected to Integral Baseline correction (not shown).

US-50M0; SAXS HPLC ) ) (6

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys

A

Data files
fhomefultrascan/HPLC _SAXS/BSAN_tBaselines

Concentrations Remove files

Add files

e il 2

150

co7o,
566 of 56 files selected

I(t) [a.u.]

Sel. all | Sel. Unsel. | Ady. Sel. | WiEyy, hovie Log X | Log |I— Ett Rescale
Vel | Average TR | widtn | calor
Biri | Smooth | SVD Make iy | Testig | Makelm

Concentration load | HEpeak: D | Detectar

a0

Produced Data
fhomesultrascan/HPLC _SAXE/BSA/_trBaselines/produced

1}
0 of 0 files selected
|| | | EK | i f=ir FEMERE | i T | ZAE | T T T T T T T T T I T T T T T T T T T
50 100 150
A et e Time [a.u.]
File 3D | EOTTEE A T reference| Fresiol el | Cortdap Analysis | Save Plots | Earizel | iz
= ke atialsis | Baseline | Easeliie 2y | ifTESHIT: | MifEstalE | e [ol e | e [ol e Ly
LA ZET A | e b ERN s EE Scale Analysis | Trial make o) LB
| Visible| FErmuRE s | Crop Comm0n| ) | Crop Zeras | (e LET | ol | L e e | Leger
Help | Options | Close

Before proceeding to Gaussian analysis (whose theory can be seen here), a SVD analysis could be useful. In SVD analysis, the number of significant singular values in the decomposition should be equal to
the number of components in the data, and thus to the minimum number of Gaussians required to accurately reconstruct the data (see here).
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Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)

Data files

[~ Lock fhomedultrascan/HPLC _SAXS/BSAA_tBaselines
(e e ] 2 B e A ) R e |
BSa_20_HPLC__It_gq0_0103333-hi9_40205-0_00144325 ﬂ

BSA_20_HPLC__It_q0_0105853-hi11_2215-0_001774555
BSA_20_HPLC_It_g0_0108374-hi10_0598-0_00158204s
BSA_20_HPLC_It_q0_0110894-hi6_88327-0_00139161s
ESA_20_HPLC__It_g0_0113414-hi7_11657-0_00111708s
BSA_20_HPLC__It_q0_0115935-hi6_7567-0_001427295

BSA_20_HPLC__It_q0_0118455-hi7_98646-0_001305345

y_20_HPLC__It 90_0120975-hi5_10871-0_000818171s ';'
BSa_z20_HPLC__It_g0_0123496-hid_47454-0_000715734s j .2..
1 of 568 files selected =
|| | el el | Ayl Eell | Wiewy | e | Erm s | eje ) |I— Ett Rescale =
Vel | EUErane | T BODlE L |
Eiri T D e e e e
Concentration load | Hepeak: D | [VElECinT:

Produced Data
fhomesultrascan/HPLC_S A XE/B5A/_trBaselines/produced

|
a0 100 150

0 of 0 files selected
|| | | EK | i f=ir | FEMERE | i T | Ak | Time [a.u.]
Y, ot R L < = 175.541
« Gaussians
File D) | EOTTEEtrat reference| Residuals | Sl Srhal e | ke e | Cancel | Keep

=il e | | b A e E TS | sl = e e o | il ke | (T HIEr
ciear | New || Del [ < [40or4 o [P Mach [ zsoam | 2 [ 161389 Save

Help | (i | Close

The baseline-subtracted data can be subjected to Gaussian analysis by first selecting a single chromatogram, and then pressing the Gaussians button. By default, the US-SOMO HPLC-SAXS module will
consider symmetrical Gaussians, but distorted Gaussian functions are also availble and can be selected from the Options menu (see here). The choice must be done before starting the following procedure.
An example of a data processing with non-symmetrical Gaussians is presented here.

On pressing Gaussians, two new rows will appear at the bottom of the graphics window. If a previously-generated set of Gaussians was present or loaded from file, the Gaussians will show up under the
peak(s) together with vertical lines indicating their centers.

Clear will remove currently-generated Gausssian, and allow to start a new analysis. If Gaussians had been loaded from file, the Clear cached Gaussian values button in the Options menu should be used.

Each time the New button is pressed, a new Gaussian will be added (green colour), with pre-set center, width and amplitude shown in the three rightmost fields (additional fields will be present if distorted
Gaussians functions are used; see here). By clicking on each field, and then using the gray-shades bar-wheel, each Gaussian can be adjusted to initialize the process (usually, only the centers need to be
positioned under the peaks). If the Match checkbox is selected, the height of each Gaussian will be automatically adjusted so to match the height of the experimental [(¢) vs. ¢ curve at the Gaussian current
position.

Del will remove only the current Gaussian.

Clicking on the "<" and ">" buttons will toggle among the Gaussian present, whose identifying number is shown in the field between them. The active Gaussian is identified by a magenta vertical line
positioned at its center, while blue lines are used for the others. The limits for the analysis of the chromatogram are shown with two vertical red bars, whose position is shown in the two red-background
fields in the bottom row, before the To produced data button.

The SD checkbox controls whether the data associated std. dev. values will be used in the fitting procedure ( default: not selected). 1t is recommended to select this checkbox only after a first round of fitting
with the various algorithms provided has been performed, as the SD can only be used with the LM algorithm at the time of writing this Help section (April 2016).

Once the initialization is completed, pressing the Fit button will bring up a window controlling the fit procedure, shown below:

o L US-S0MO: SAXS Hplc: Gaussian Fit I RCIRCYNE.S

US-S0MO: SAXS Hplc: Gaussian Fit

i¥ (Gaussian centers: [~ % variation 5 [~ Frominitial value

™ Fix Gaussian widths r cPé.uariation| 5 [ Frominitial value

I~ Fix Gaussian amplitudes ™ % variation | 5 [ From initial value
Fix Gaussians: |Hi r e 3 4

0.000181364
100
Maximum calls: | 100
FestorenoNmieaieEs Blpjele;
Ll G3 5D G IH [CRRE]
Ziioje)
Help | Close

See here for a description of the Fit module.

In the first cycle of iterations, it is best to keep the original centers fixed:
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Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)

Data files
[~ Lock fhomedultrascan/HPLC _SAXS/BSAA_tBaselines
(e | e ] 2 | B e A ) | R e |
B3A_20_HPLC__It_g0_0103333-hid_40205-0_0014432s 2l
—
B3A_Z0_HFU US-50MO: SAXS Hple: Gaussian Fit 2 ) &
BSA_20_HPL

US-SOMO: SAXS Hplc: Gaussian Fit

BSa_z20_HPL
BS’Q‘—ZD—HPLWE Fix Gaussian centers: [ 54 variafion & [T From initial value
B5a_20_HPL : . : —r —
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" Fix Gaussian amplitudes [T S variation | & [ Frominitial value | ';‘
BSA_Z0_HPL Fix Gaussians: [N = r 3 4 Jhd A
0,000181364 =
]| Rescale
[ arimalize 100 il et (e [
=il 100 ke iy
Concentr: Unda oo
LI G3 5D &GS IH G5 CG
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o)
Help | Close
T T T T T T T T T T T T T T T T T T T
0 af 0 files selected a0 ) 100 150
seletall e i rilil=1r BEmuE VB ZAE Time [a.u.]
G | i arly a > 175.541
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File D) | EOTTEEtrat reference| Residuals | Sl Srhal e | ke e | Cancel | Keep
=il e | b A e E TS sl = e e o | il ke | (T HIEr
Clear [ mew [ Del | = J4ora[ oo mach [ izsoss | sessts | 1vests Save
™ SD Fit |40.055 | 1 | 175.541 To produced data
Help | (i | Close

In the example shown, a not well-defined aggregates peak is present at the beginning, and an extended initial baseline is not present. If the first Gaussian is left free to adjust, it will expand too much to
compensate for the missing initial baseline. Therefore, in such situations it is best to keep fixed the position of the first Gaussian:

A
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)
Data files

[~ Lock fhomedultrascan/HPLC _SAXS/BSAA_tBaselines b

Al filEs | i 2 | ] e A e | e = | Ei)
B5a_Z0_HPLC__It q0_0103333-bi9_40205-0_00144325 2l g

-

B3A_20_HPL US-50MO: SAXS Hple: Gaussian Fit DEONENES 1
BSa_z0_HPL

BSa_20_HPL
ESA_20_HPL

BSA_20_HPL : e
mza_zo_Hpll | Fix Gaussian widths

US-SOMO: SAXS Hplc: Gaussian Fit 150__

I~ % variation 5 [C From initial value 1
r cPé.uariation| 5 [ From initial value

" Fix Gaussian centers:

" Fix Gaussian amplitudes [T 54 variation | 5  From initial value | = J
BSA_Z0_HPL Fix Gaussians: r oz r 3 4 =l E'WU—
el ball 0onoTeTae4 Rescale = :
[ ol Ee 100 e (e iy -
= &n | Maximum calls: | 100 ER BN |
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] 4
oo |
Help | Close D__
0 of 0 files selected
e || [ FEL =y FEMERE e iz Time [a.u.]
) | sy = = 125.086
Messages Gaussians
File 0 | EOTEENTr T T reference| Residuals | Sl el e | i = | Cancel | keep
LA ZET A | e b ERN s EE i a B A ElYETE il ke ) | LB
Clear | Mew | Del | < |4 ofd | = ||7 hatch | 125.086 g.attae | 178.745 Save
5D Fit |25.?05 | 1 | 125.036 To praduced data
Help | (Satie | Close

A final round of fitting can then be performed using the SD and allowing a 5% variation on the Gaussian centers at each iteration, until a satisfactory fit of the main peak(s) is obtained:
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Data files
[~ Lock fhomedultrascan/HPLC _SAXS/BSAA_tBaselines
i uiES | e ] 2 | ] e A | e R E e |
BSa_20_HPLC__It_g0_0103333-hi3_40205-0_0014432s ﬂ
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BSA_Z0_HPL A US-50MO: SAXS Hplc: Gaussian Fit 7)) () (X =,
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Fix Gaussians: 2| r z r s 4 ' ' ' ' 5'0 ' ' ' ' 1'00 ' ' ' ' 1t|30 ' ' ' '
el all 0.000178749 Rescale Time [a.u.]
[{armealize 100 S| ]
Hifi Maximum calls: | 100 izt s)) 4]
| GO Restare to initial values Undo el 5 ]
LI (i S il (EENIC] __"@ ]
P — | = 0]
Ziie) =
& g
-1}
Help | Close = ]
0 of 0 files selected 4]
seletall e | i rilil=1r | BEmuE VB ZAE :
T T T T T T T T T T T T T T T T T T T
Y, | ot R L 50 100 150
Messages [~ Rewverse W Use standard deviations [~ By percent
Eils = | = 125086
Gaussians
D) | EOTEEtrat reference| Residuals | il SralleE | ke e | Cancel | Keep
=il e | | b EE s e TS | sl e T e o | gl ke | L0 | =i
Clear | New | Del | < |4 ofd [5" Match | 125086 | 83tz | 176.745 Save
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If some datasets have missing or NaN values for one or more SD values, a pop-up menu will appear listing all the files presenting this problem, and with how many occurrences. The user can then select
between three options: drop the datasets containing these non-defined SDs; drop just the frame (or time) point missing the SD(s); or not use SD weighting.

The global improvement of the fit can be also judged by the rmsd (SD checkbox not selected) or % (SD checkbox selected) value which is updated next to the Fit button. The residuals of the fit can be
visualized by pressing the Residuals button, which will split the graphics window in two, and show a plot of the fit residuals below the main plot. The residuals plot can be removed by pressing Residuals
again (see more below). In the example shown above, the residuals are weighted by the std. dev. associated with the experimental points (SD checkbox selected; a By percent residuals option is also
available).

Once a satisfactory fit is reached, pressing Keep will accept the current Gaussians for further work. But to save the parameters of the current Gaussians in a file, the Save button has to be pressed before
Keep.

Cancel will cancel the operations and remove all the Gaussians.

Once an initial set of fitted Gaussians has been produced, it should be globally fitted to all chromatograms. However, performing this operation directly on all chromatograms can be very computationally
intensive. For this reason, it is best to perform it on a subset of all chromatograms, and the global fit results are then propagated to all remaining chromatograms. Importantly, in the global fitting procedure
the centers and widths of each particular Gaussian are optimized so to be the same across all chromatograms, and only the amplitudes are then fitted.

To select a subset of data, the Select button is pressed, which will open the pop-up selection panel (see image below and here).

AL US-50MC: SAXS HPLC : Select curves 2) ) ) (¢

US-50MO: SAXS HPLC : Select curves
Complete list of data files Selected data files

= e = & BSA_20_HPLC__It_q0_007313-hi26_5654-0_0037955s i‘

1z BSA_20_HPLC__It_g0_00882113-hi16_1331-0_002389377s
16:B5Aa_20_HPLC__It_g0_00332325-hid_33404-0_00123447s
20:BSA_Z0_HPLC__It_g0_0108374-bi10_0598-0_001552045
24 BSA_Z0_HPLC__It_q0_0118455-hi7_98646-0_001305345
28 : BSA_Z0_HPLC__It_q0_0128536-hif_20004-0_001012165
42 BsA_20_HPLC__It_g0_0138618-hi2_35072-0_000351635s
36 BSA_20_HPLC__It_g0_0148639-hi2_97675-0_000493928s
40 BsA_20_HPLC__It_g0_015878-hi3_02556-0_0005175858s

AA - RSa 0 HPLT It Al N1RRART_KiT 3ARE_N nnn:?m'me|
4 3

5654-0_00 5
9: BSA_20_HPLC__It_q0_00806503-hi23_8725-0_003485595
10 BSA_20_HPLC__It_g0_00831 706-hiz1_2537-0_00315778s
- EBSA_20_HPLC__It_g0_00856309-hil 7_525-0_0025705s

5 7 §52113-hi16_1331-0_002369
- BSA_z0_HPLC__It_q0_00907316-bi16_2562-0_00246553s
BSA_20_HPLC_It_q0_00932519-ki11_9588-0_00177885s
BSA_20_HPLC_It_q0_00957722-hi1 0_7 956-0_00161486s

Starting curve offset: BSA_ 20 HPLC It q0_007813-hizE_S5E54-0_0037985s

Ending curve offset: BSA_Z0 HPLC It g0_120202-hi-0_5861892-03

el g a|=ien Eeeljijerprz

Mame contains:

Select Only | select Additiemally:

Help | Giuit | Transfer selections to main window

It is advisable to perform the global fitting avoiding the very first few low-¢, very noisy, and the last high-¢, very low signal /(f) vs. ¢ chromatograms. In the example we are illustrating, we start from

chromatogram # 8 (¢ = 0.007813 A1) and select every 4 chromatograms up to # 454 (¢ = 0.12020 A-1). The I(¢) vs. t chromatogram on which the initial set of Gaussians was optimized is also included
(Select Additionally button). Pressing Transfer selection to main window will close the pop-up window and the selected files will be shown in the main HPLC-SAXS module graphics window:
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Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys 823-1833, 2013)

Data files

[~ Lock fhomedultrascan/HPLC _SAXS/BSAA_tBaselines B
&dd files il Concentrations Remove files | )
EISP. ZD HPLC__It_g0_0103333-hid 40205 i 00144323 ﬂ |
B5A_Z0_HPLC_ It q0_0105833- b|11 2215 i 001??4553 k
0_HFLC__lt_gq0_010 5 |
BSa_z20_HPLC__It_g0_0110594-hid_ 8832? 0_00139161s
ESA_20_HPLC__It_q0_0113414-hi7_11657-0_00111708s 150+
BEA_Z0_HPLC__ It q0_0115935-hi§_7967-0_001427293 ]
It g0_o11
__lt_g0_012097 N 5 1
BEa_z20_HPLC__It_g0_0123496-hi4 4?454 0_000715784s j 4
1135 of 568 files selected —_ i
Sel. all | Sel. Unsel. | Adv. Sel. | ey, | hovie | Log X | Log Y |I— Ett Rescale g 100
I Gl e | SR TEE | g0 i | Width | Color E
Bin | smooth | SVD vake iy | Testiy [ Make ) = ]
Concentration load | HEHEER e | Detector 1
Produced Data b
fhomesultrascan/HPLC _SAKS/BS A/ _t'Baselines/produced 50
0 of 0 files selected 1
seletall | e | i rilil=1r | BEmuE | VB | ZAE | b
Y, AL, 0
Eile = Time [a.u.]
3D | ) =L reference| Rz el il | Corkdap Analysis | Save Plots | Eance | iz
Gaussian 1: center 15.8067 height §.958453 width 14.7394 area 331.956 % of total 5.33207 - - - - - -
Gaussian 2: center 51.5505 height 22.3051 width 12.7798 area 714.527 % of tatal 11.4771 Sl sl | Baseline | Haeeline =l | (ST | imeseaElE | sl eval | Sy
Gaussian 3: center G2.4409 height 55.7107 width 104137 area 1455.07 % of total 23.3722 AT | T | Scale Analysis | Trial make I{g) | Guitier
Gaussian 4: center 125.066 height 175.745 width §.311682 area 3724.09 % of total 59.56156
=| [Zelect Visible| FEmEHEIE | Crop Comm0n| (ST i | Crop Zeros | (ST EETD | [ je]j | (e B | LLegesim
Help | Options | Close

The Global Gaussians button is now available. Pressing it will simply find the amplitudes best fitting all the selected chromatograms based on the centres and widths found on the initial chromatogram. This
operation has to be performed before the global fit.

If datasets having points with missing or NaN std. dev. values are found, a pop-up panel will appear:

K L US-SOMO: SAXS HPLC: Create unified global Gaussians ¥ &) &

& Please note:

These files have points with missing SDs:

BSA_20_HPLC__It g0_0874484-hi-0_268613-0s: 1 of 197 points
BSA_20_HPLC__It_g0_0834642-hi-0_573678-0s: 1 of 197 points
BSA_20_HPLC__ It g0_0934957-hi-0_145062-0s: 1 of 197 points
BSA_Z0_HPLC__It g0_0975271-hi0_455475-0_00147424s: 1 of 137 points
BSA_20_HPLC__It_g0_10553-hi0_2Z6205-0_000881958s: 1 of 197 points

What would you like to do¥

| Turn off 5D weighting | Drop full curves with missing SDs| Drop points with missing SDs |

When just a few problematic points are found for each file, the Drop points with 0 SDs option can be safely used. The global Gaussians operation will then be completed:

r . US-SOMO: SAXS HPLC x &) &
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Data files
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BSA_20_HPLC__It g0_0115935-hif_7567-0_00142729s ]
04

BSa_20_HPLC__It_gq0_0123496-hid_47454-0_000715784s

=
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) e
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I < | =

Global Gaussians

AT 00T eI &£ 4200 WIOT 12,7730 ared FTo.47h e Of 1=l 1104030 - : .
Gaussian 3 center 52.4409 height 55.6513 width 10.4197 area 1454.32 % of total 23.3702 J 0] | EareEnthatinr ETErence | Residuals | Show Corkap | Eake BlaTs | Global fit by o | Cancel | Keep
Gaussian 4: center 125.086 height 179.495 width 8.31182 area 3739.72 % of total 60,0953 el EBTErS | Gl e EE e | BEEENIEEE | T ARE) | Cilligli=e
P walue analysis summary: [~ Scrall W F ==0.05 W 0.05=P==001 [ P=001 Make result curves | To produced data
14.2% P »= 0.01 {7.1% P »= 0.05) + (7.1% 0.05 = P >= 0.01) pairs
85.6% 0.01 > P pairs < |aora| = | 125.086 | g§.31182 Save

W sD_ Eqwidh _|[Taiosal it | Recaririte ezl osor I R
Help | (it | Close

In the image above, the Global Gaussians results on the Nth selected files are shown, together with the grouped fit residuals. The common centers and widhts, not optimized but just based on the initial
chromatogram fit, are displayed in the graph as vertical and horizontal bars, respectively. Note that the Residuals plot x-axis scale was manually optimized (right-click on the scale) to make it comply with
the fit limits in the top panel.

1]

Save will save the resulting Gaussians to the current selected directory, with extension -gauss.dat for symmetrical Gaussians of single files and -mgauss.dat for Gaussians of multiple files. For distorted
Gaussians, the extensions will be -mgmg.dat, -memg.dat, and -memggmg.dat for the GMG, EMG and EMG+GMG Gaussians, respectively.

Global fit, which becomes available instead of the Fif button once a series of chromatogram is selected and after at least an initial set of Gaussians is generated/loaded, can now be used to optimize all the
centres and widths of each Gaussian along all the chromatograms to common values for each family of Gaussians. The operation is controlled by the same pop-up Fit panel as for the single chromatogram
case (see here), but only the LM method is currently (April 2016) available. In this example, it is best to first perform a global fit round keeping the Gaussians 1, 2 and 4 fixed, and then perform a second
round leaving all parameters free.

Page 30 of 69



Data files
[~ Lock fhomedultrascan/HPLC_S&XS/BSAA_T_MNovlSfntegral_bas

US-SOMO: SAXS HPLC 2 L) (¢
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. 823-1833, 2013)
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=
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i uiES e ] 2
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. 015-0_
BS&_20_HPLC_ ft_q0_012 hid_81004-0_000
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I(t) [a.u.]
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(=]

(=LY ‘J‘I-IDI ~ K a0 N1?REN1R-kiE ENT71E5.0 nnnﬂﬂ:nm j
113 of 643 files selected
|| | el el | Ayl Eell | ey, | e | Erm s | eje ) |I— Ett Rescale
I Gl e | SR TEE g0 i | el | (e
Bin [ S I P
Concentration load | HEHEER e | [VETE AT

Produced Data

fhomedultrascan/HPLC _SAKSBSAS_t_Novld/integral_bas/praduced

0 of 0 files selected
iz | | | [ kB | =iy | FEMERE | SAE Ty | HAVE

delta I{t)/sd

T
50 100 150
Time [a.u.]

)

Eile

et

[ Reverse

63.0% 0.01 =P pairs
P walue analysis summary:

69.0% 0.01 =P pairs

31.0% P == 0.01 (16.6% P >= 0.05) + (12.4% 0.05 = P = 0.01) pairs

31.0% P == 0.01 (16.6% P == 0.05) + (12.4% 0.05 = P == 0.01) pairs

ﬂ S | ] e =l = reference| Residuals | Show Corkdap | aaye e | Global fit by g | Cancel | Keep
Gz | i) st e e | [ | Al ke | (G HIET
[ Scrall ¥ B == 0.05 W 0.05 =P ==001 ¥ F=<001 Make result curves | To produced data

T
50 100 150
¥ Use standard deviations [~ By percent v Group

< | =

Global Gaussians

< |4014 = 125.085 | 8.29323 Save
| 50w Eqwih | aiskait | Feprie ezl s I I

Help | (i |

Close

In the image above, the results of the Global fit are shown together with the grouped fit residuals. Furthermore, a new set of tools is available to judge the goodness of the fit.

o A pairwise CorMap analysis in automatically performed between each original /(f) vs. # chromatogram and its reconstruction based on the sum of the fitting Gaussians, for each g- value.

e A new kind of plot becomes available, visualized by pressing Global fit by q. The normalized 2 (diamonds connected by a line) and the pairwise CorMap P-values (squares) are plotted as a function

of the g-value, as shown below:

A

Data files

[~ Lock fhamefultrascan/HPLC _SAXS/BSA/_t_Novl Sfntegral_bas

US-50M0; SAXS HPLC x &) &

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App

Sdules Erililzir
0_HFLC_ It go_010 9_14705-0_001401
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Mozl Byerage T GO DERE i e
Bin e 0D A e e 2
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Produced Data

fhomedultrascan/HPLC_SAXEBEAS_t NovlSntegral_bas/produced

'
ra

0 aof 0 files sele
seletall | e | i rilil=1r
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BEmuE | VB | ZAE

delta I{t)/sd
=
[N Y Y Y |

iy Sl i)y 17

Eile

P walue analysis summary:

16.6% 0.01 =P pairs

83.2% P == 0.01 (36.1% P >= 0.05) + 45.1% 0.05 = P == 0.01) pairs

-4
-B
T T T T T T T T T T T T T T T T T T T T
1] 50 100 150
[~ Reverse ¥ Use standard deviations [~ By percent [V Group
5 1
b ]
4 0.1 S
-~ ‘ =
& =
=
O3 oo ®
< 8
-] - —
4= =
T 2 nom 2
£ 3
o =1
= 0
(]
0.0001 2
&
0 2 . [RRRIRPRr] | 1e-05
—r T 7 T T T 7 T T 7 T T T T T T
0.0z 0.04 0.06 0.0 01 01z
q (1/Angstrom)
¥ Flat Chi~2/RED [+ Plot Corbdap P values
< = 142,569
Global Gaussians
i | ) =L reference| Residuals | Show Corhdap | Eraye Bl | Global fit by g | Cancel | Keep
G | LG =t e e | o] e T e o | Al ke | (eI HIET
™ Scroll W P == 005 W 0.05=FP==001 W P=0.01 Make result curves | To produced data
< [401a = | 125.085 | §.79923 Save

Help | (Satie |

Close

In the Global fit by q graph it is possible to visualize either one of or both the two plots, by selecting/deselecting their respective checkboxes positioned just below it ( Plot Chi*2/RMSD and Plot CorMap P
values). Note that in the image above, where both plots are shown, their respective y-axis scales have been manually modified to allow a better visualization of each plot. The dashed green and yellow

horizontal lines mark the usual cut-off P-values (P > 0.05, above the green line; 0.05 > P > 0.01 between the green and yellow lines; P < 0.01, below the yellow line).

Note that the limits of the fit have been moved to exclude the first peak and the tail of the main peak. This was done to concentrate the goodness-of-fit indicators toward the most important part of the fit,
including the top (2/3)rds of peaks 2, 3 and 4 (each time the limits are moved, the normalized x2 and P-values are recomputed by pressing the Recompute nChi”2 button). With these limits, the normalized
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X2 values display "reasonable" values, ~1.5 for the lowest g angles (up to ¢ =~0.035 A'l), then almost linearly decaying to =0.5 for ¢ =0.8 Al being stable afterwards, for a global X2 ~0.95. Likewise, the
CorMap P-values show a slight trend toward better values as the ¢ increases, but the distribution of really "bad" P-values appears to be substantially random.

The correlation between the goodness-of-fit indicators and the distribution of the residuals can be examined for each original/fit /(¢ vs. ¢ pair by selecting the Scroll checkbox:

I(t) [a.u.]

50

T
50 100 150
Time [a.u.]

delta I{t)isd

0
=
=
01 =
b=
e
=
&
om £
L]
3
=
0.001 3
2
o
—
——71 T~ T * T T~ T T~ [ T T T~ T T T T T T T T T
ooz 0.04 0.06 0.08 01 o1z
q (1/Angstrom)
[ Flot Chi~2/RMSD ¥ Plot Cortap P values
< =
BSA_20_HPLC_ It _g0_0103333-hi3_14705-0_00140145 nChi~2 1.144 P 0.0015 ]
Global Gaussians
D) |Concentrati0n referenc:e| Residuals | A ] | ke Bt | Global fit by o | Cancel | Keep
=il | e by R eSS | el e i e o gl ke {0 =i

¥ :Scroll; ¥ F == 0.05 # 0.05>P==001 W P<001 ke resuli cures | ol pradised e
< |4oi4 = | 125.085 | §.29923 SaE

W S0 W Eq width iR | BECT e |D.8448Ei| 31.1958 | 142.563

In the image above, only the CorMap P-value are shown. The current chromatograms pair is highlighted in the CorMap P-values plot by an enlarged symbol (orange square in this case). Scrolling is
performed by either using the grey-scale bar-wheel, or by clicking on the the "<" and ">" buttons placed at its sides. By selecting/deselecting the three checkboxes next to the Scroll checkbox (P >= 0.05,
0.05> P>=0.01, P <0.01), only the subset(s) whose P-values are within those of the selected chechbox(es) will by scrolled.

In the example shown above, by examining the residuals' plot it is clear that the "bad" P-value it is due to a poor fit in the inflection point betweern the 3 rd gnd 4th peaks. If we examine a chromatograms pair
just two g values above the first one examined in detail, we can see that oscillations in this zone produce an excellent P-value, although this still appears to be a difficult zone to fit with symmetric

Gaussians:
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200

cn
=

cn
=

I(t) [a.u.]
|||g||

(=1

delta I(t)/sd

(afeas Boj) anjea 4 depion

q t1IAngstrom)

[ Plot Chi~2/RMSD ¥ Plot Cortdap P values
<= e

BSA_20_HPLC__It g0_0123496-hi4_81004-0_000773293s nChi~2 1.546 P 0.1881
Global Gaussians

) | EOGE AT referenc:e| Residuals | S e ) | sraye Bl | Glohal fit by g | Cancel | keep
(A EE NS | G e =t e i | et R i e o | il ke | G0 i =i
W :Scroll} ¥ P == 0035 ¥ 005 =P ==001 W P<0.01 [ ERE rEstlb CurEs: | )0 A iEe o=
j4 of4 = | 125.085 | 5.29923 SAE
W S0 W Eq width sl ki P | BT HE E |D.94488| 31.1958 | 142.569

The noticeable worse fitting and the end of the main peak could indicate either a slight non-pure Gaussian shape of the peak, or the presence of a small amount of some trailing material in this region.
It is best to first Save and then Keep the results, and then select all the available /(?) vs. ¢ chromatograms (use Select all if only I(?) vs. t data are present in the Data files section).

Global Gaussians can now be applied to all the selected chromatograms. Again, if datasets having points with missing or NaN std. dev. values are found, a pop-up panel will appear (not shown).

Page 33 of 69



) US-SOMO: SAXS HPLC 2 L) (¢
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys 823-1833, 2013)

Data files
fhomedultrascan/HPLC_S&XS/BSAA_T_MNovlSfntegral_bas
(e e ] 2 B e A ) R e

ra
=
=

on
=

cn
(=]

I(t) [a.u.]
|||g||

(=]

qoqc

6419 of 6419 files selected

il | il el | R E ] | B, | [IawIE | [Em | ej ) |I— Etr Rescale
[{ormEliee: | SUETANE | i = ] e | il i | )| j ¢
Bin i 5D e e e

Concentration load | FEpEEk e | (et i

delta I(t)/sd

Produced Data
fhomedultrascan/HPLC _S&X5/B5A4_t_Novl3/ntegral_bas/produced

25

ra

cn

0 of 0 files selected
e || | [ EL: | e i 2 | FEMERE | i T | A

normalized Chi~2

=
o

) e

(=1

T
Eile 0.05 01 015

T 1/Angstrom
Gauss 1 width 1 unigue value 13.526 ﬂ q( 9 )
Gauss 2 amplitude 649 unique values 1.00181e-12 1.00208e-12 1.00215e-12 1.00299e-12 1.00354e-12 .. W Flot Chi~2/RkSD [~ Plot Cartdap P values

Gauss 2 center 1 unigque value 51.56356 = =
Gauss 2 width 1 unigue value 11.7851

5 _ Global Gaussians
Gauss 3 amplitude 649 unique values 1.00015e-12 0283221 0.293222 0.299668 0.312742

Gauss 3 center 1 unique value 82.1253 50 | ETEERtratT reference| Residuals | Shaowy Carbdap | ek Bl | Global fit by o | Cancel | Keep
Gauss 3 width 1 unigue value 10,5122 Gizl|ssEns | 5| ! s e | anale aElsiE | Al ke | EHIER

Gauss 4 amplitude 643 unique values 2.04297 2.243584 2.29746 230725 2.36757 .. I scroll W P »= 005 W 005=P==001 W FP<001 Make result curves | To produced data
Gauss 4 center 1 unique value 125.085

Gauss 4 width 1 unique value 8.29923 < |aota = | 125.085 | 8.23323 S
Gaussians wiitten as BSA_20_HPLC__It_q0_00504085-bi32_0473-0_0112758s-mgauss.dat =l~ 50 W Eqwidth  [NGiskal Fit |[FEcaiiE fin 2 2351 s

Help | (it | Cloze

The image above shows the global Gaussians results after applying the global fit parameters found on a subset of data to all chromatograms. Note that in the series of graphs above, the residuals x-axis was
rescaled (using the graph controls accessed by right-clicking on the graphics window plots) to align it with the selected fit region delimited by the two red vertical lines.

Save and Keep can then be sequentially pressed to store and accept the global Gaussian results.

Pressing the 3D button will generate a 3D plot of the data, allowing easier detection of potential fitting issues. First a pop-up window will appear:

US-SOMO: SAXS HPLC : Plot 3D

Include Gausslans: [l W 2

Vi 3
Help ‘ Quit ‘ Plot all |Plotselected

More infos about this small module can be found here.

US-SOMO: SAXS HPLC: Gaussians:123 -0l x|
File Color Font
== @ - sl L AA AL ™o
¥ Ortho
US-SOMO: SAXS HPLC: Gaussians :1 123 ' Legend
¥ Autoscale
¥ Mouse
¥ Shading
Normals
_\_l -
-
Polygon Offset Resolution
Std | | I_ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
N N
L) i
[US-sOMO: SAXS HPLC: Gaussians :12 3 0.2.5 | [Celis 0 (0x0) [ Angles (23,0 ,-105) [ Shifts (0.05 ,0 } [ Scales (1,1 ,10) | Y

This interactive plot can show any selected set of the Global Gaussians over any collection of curves. The interface is fully interactive for rotations, scaling and zooming along with multiple display and save
controls. Its utilization is helpful for visualizing the quality of the global fit.

After Gaussian decomposition, the Trial make I(q) procedure can be repeated. First, all the available (f) vs. ¢ chromatograms for which Gaussians have been produced are selected, and the Trial make I(q)
button is pressed. The third commands row under the graphics window will now show additional options:

Page 34 of 69



A US-50MO; SAXS HPLC LN CINE.S

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys 823-1833, 2013)
[T Lock fhomesultrascan/HPLC_SAXS/BSAA_t_MNovlSintegral_bas B
Addfles Srmilar EOrGEnttatns Reraye fes 200+

150 -

‘549 af 643 files selected

I(t) [a.u.]
I

|| | ael el | S zel | e, | [atie | Log ¥ | Log ¥ |I— Ett Rescale b
Mol EuErane | o EON D ke | e .
Biri T S0 e e I e 1
iZoncentration load | REpEak: i | VETECT 1
50+
Produced Data ]
fhomedultrascan/HPLC _SaXS/B5A/_t_Novl S/ntegral_bas/produced |
0
0 of 0 files selected
s Ent |l | | i | =il | A | ke | iz |
SHE, SO il Time [a.u.]
R N
Eile Trial make 1{g)
Gauss 3 width 1 unigque walue 10.5122 ﬂ i) | L] = e reference| REsiE | ] gz 7 ke Fl s | Cancel | HeEE
Gauss 4 amplitude 649 unique values 2.04297 224984 229746 230725 236737 . A GhhalGaleeane | Scale Analysis | Trial make I{s) | Guinier
Gauss 4 center 1 unigue value 125.085
Gauss 4 width 1 unigue value 5.29923 jTime range far I{o): ..I(q) from Gaussian: ¢ Mone € 1 € 2 © 3 & 4 [C as pure Gaussian | Wis. range |Create I{o)) set
Help | (s | Close

The round checkboxes labeled none, 1, 2, 3, and 4 allow selecting which Gaussian will be used to produce the corresponding decomposed /(g) vs. g data, as a pointwise % of the original /(¢) vs. ¢ data based
on the relative contribution of all Gaussians at that particular point in ¢ space. If the square as pure Gaussian checkbox is selected, the actual Gaussian value will insted be used (effectively smoothing the
data).

In the first example shown below, the Rg plot for the region of the main peak using the 4 th Gaussian can be seen:

AL US-50M0; SAXS HPLC ¥ & &

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App

Data files

—_
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—295-]
Biri T B0 e e e £ .
Concentration load | Fepeak HE | IVETECAGH % 23]
= ]
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Produced Data = ]
fhomefultrascan/HPLC_SAXKE/BS A/ _t_Nov1/ntegral_bas/produced o 28—:
27.5- 2 2 B
5 71 T+ + [ " T+ T T T T
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0 of 0 files selectad Time [a.u.]

|| | [ e | i | Fermke | Sk e EEh | THNE | Z 2 100

= et R Guinier
0 |C0ncentrati0n reference| Ry plot |.ﬂ.ppr0x. hAW plot| Residuals | ] gz | s e Bt | Cancel | iz

File (EABE A | GnkE] GEuEsans | EealE AalyEE | Trial make Ig) | GEUITIER
wrog N
135B5A_20_HPLC_bs_pkd_t135 Ry 27.9 (0.2) (&) 1(0) B.64e+01 (2.53e-01) qRg [0.190,1.196] pts 144 2lTime range for Rg piot 100 | 150 Ry range: | &7 | 30 RIS

chi*Z 5468-02 -chi 1.95e-02 ™ &crall g range: [T EDGREGHN IRCGGIG ©'ot etension: [ 5e-05 | 5e-0s ¥ SD W gmax'Ry limit. | 1.2
5D on Ve[T] 5.1e+02 Qr[T] 9.23e+03 MWRT] 7.50e+04 MWIRT] is calibrated for gmax 0.20 and this gmax is Avg. 22 curves gmax*Rg 1.196 [1.192:1.200] Rg 28.2 (0.2)[27.9:28.9] 10 1.41e+02 (3.72e+01) [7.36e+01:1.88e+02]
0183 j MW[RT] Avg. 7.474e+04(1853) [7.201e+04:8.101e+04]

Help | i T T T T L T DT LT T T T T T Close |

The contribution of the 3™ Gaussian under the main peak can be now evaluated:
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b US-SOMO: SAXS HPLC 2) () (%
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)

Data files
[~ Lock fhomesultrascan/HPLC_Sa&XS/BSAA_t_MovlSfntegral_bas o

& J
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Produced Data
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selEtall | e | Tl 2 | BEmEYE | e B | AN E | ime [a.u.]
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File 50 | ) e = reference| Ry plot | Approx bW plot| Residuals | ] gz | e Bt | Cancel | iz
= T T L L T T J I | el o P S S | e | Trial make () | (TR
0183 el j
135-B58_20_HPLC_bs_pk3_{135 Ry 43.6 (0.7) (&) I(0) 1.91e-04 (1.518-06) gRg [0.297,1.197) pts 83 chi~z M= fange for Ry plot | 100 | 150 Ry range: | 40 | 50 I Lock range ECHE
1.148-01 r-chi 3.708-02 ™ Scroll g range: [ DGR DINOGIGGGa r\ot etension: [ Se-05 | Se-0s W S0 [ gmax'R limit. | 12
50 on Ve[T] 6.6e+02 Qr[T] 1.71e+04 MW(RT] 1.39e+05 MW[RT] is calibrated for gmax 0.20 and this gmax is Avg. 22 curves gmax™Rg 1.195 [1.190:1.200] Rg 44.5(1.1) [43.1:46.9] 10 1.06e-01 (1.71e-01) [1.91e-04:6.20e-01]
0183 j MWIRT] Avg. 1.383e+05 (3666) [1.332e+05:1.515e+05]

Help | (e

ARRNRRNRRNNN 100% Close |

As can be seen, there is a slight contribution (see the ~500-fold reduction in intensity in the Guinier plot) from the peak preceeding the main peak, evidenced by the fairly constant but considerably higher
Rg values (= 44.5 A), likely identifying this material as a BSA dimer (also confirmed by the average MW[RT] value).

If we perform this analysis selecting the top region of the dimer peak (frames 72-90), we find similar R, values, = 43.7 A, almost evenly distributed across the peak:

A US-SOMO; SAXS HPLC RS
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App 823-1833, 2013)

Data files
fhomesfultrascan/HPLC_SaXS/BEA/_t_Novls/integral_bas
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0183 - - -
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Help | Gtiare LT T T T LT T T T T T T T LTI T T (T T IR Cose |

Note that some of the curves present an upward curvature at low g-values, likely indicating a non-ideal baseline correction for this sample.
Finally, the contribution of the 2" Gaussian under the trimer peak is evaluated:
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US-SOMO: SAXS HPLC 2) () (%
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys 823-1833, 2013)

Data files

[~ Lock fhomesultrascan/HPLC_Sa&XS/BSAA_t_MovlSfntegral_bas ‘;‘g
AoES: i 11 EhfEEnTE e FREREYE IS § q
=
a0
ENE
= 20
)
[
=
Z
£ 10+ :
T T T T T T T T I I T
0 0.00m 0.000z 0.0003 0.0004 0.000s 0.0006
643 of 643 files selected q°2 [1fAngstrom”™2]
|| | | S ] | Syl Eel | e, | [t | [Erm s | njej |I— Ett HEEEHIE
I =i e | FETE e | g i | el | (]
Bin [ S o e e
Caoncentration load | REREEk i | [VETE LT

Produced Data
fhomedfultrascan/HPLC_SAKS/BS A/ _t_Novl5/Integral_bas/produced

Rg [Angstrom]

0 of 0 files selected

T
46 4d a0 a2z a4 Gl af G0

el | e | =iil=ir | FEMOYE | e | i
] 5 S Time [a.u.]
I = ] =
Fila Guinier
-_ TS = 50 | ) e = reference| Ry plot | Approx bW plot| Residuals | ] gz | e Bt | Cancel | iz
SD on Yo[T] 1.5e+03 Qr[T] 3.97e+04 MW[RT] 3.17e+05 MW[RT] is calibrated for gmax 0.20 and this gmax is = ErElEEEhE | Elohel GalEsians | Sl e ARl E e | Trial make () | IIEL
n.183 Time Time range for Ry plot: | 45 60 Rg range: | 45 | ao [+ Lock range Replot

0183

59:B34_20_HPLC_bs_pkz_t59 Ry 61.7 (3.2) (&) I(0) 2.41e+01 (7.53e-013 gRy [0.538,1.167) pts 35 chi~z
1.13e-01 r-chi 5.69e-02 I Scrall_g range: _— plot extensior; | 003364168 | 505 ¥ SD M gmaxRglimit [ 1.2

S0 on Ve[T] 1.7e+03 Qr[T] 4.632+04 MWRT] 3.76e+03 MWRT] is calibrated for gmax 0.20 and this gmax is j A\fg 14 curves gmax*Rg 1.182 [1.156:1.198] Rg 60.0 (4.5) [49.9:67.0] 10 2.55e+01 (2.26e+00) [2.12e+01:3.02e+01]

MWIRT] Avg. 5.085e+05 (1.646e+05) [3.174e+05 :8.451e+05]

Help | i T T O T L T D LT T T T T T T T Close |

finding higher R, values (= 60 A) and a reasonably flat distribution.

The Scroll feature is also available, allowing the examination of the individual Guinier plots. Likewise, the Approx. MW plot can show the approximate molecular weight values calculated with the Rambo
and Tainer method (Accurate assessment of mass, models and resolution by small-angle scattering. Nature 496:477-481, 2013) . However, as it requires to produce meaningful results a more extended ¢
range than that available for the HPLC-SAXS BSA study presented here, we will not present such plots here.

Each individual Gaussian is defined by three numbers: the amplitude, width and center. As such, they are not "curves" in the sense of the loaded files, which are collections of data points. Therefore, the
Gaussians can not be visualized with the facilities of the program outside of Gaussian or Global Gaussian modes.

To allow the visualization of the Gaussians, the To produced data button is provided which produces curves of individual Gaussians and their sum. This is available in either Gaussian or Global Gaussian
modes. The resulting curves are collections of data points that can be visualized outside of the Gaussian modes. The Global Fit method requires a simultaneous fit of all the selected curves. This is internally
represented by joining all the selected curves along the time/frame dimension to produce one long curve. Of course, each curve is generally on the same time/frame axis range, so to maintain increasing
time/frame numbers, curves subsequent to the first one are placed into the joined curve with an offset in time/frame.

xo US-50MO; SAXS HPLC b BV E.S
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys 823-1833, 2013)
Data files

[T Lock Momedultrascan/HPLC_SaXES/BEA_t_Novl 3fntegral_bas 1

Add files | e 1] 2 Concentrations Remoave files | :
Toe_CO_TI Do T qO_ O T = T _Z OO0 _ OO T o S5 [T ﬂ i
BSa_zZ0_HPLC__It_g0_0105853-hi10_2303-0_001607225_pk4 150
BSa_Z0_HPLC__It qD 0105853-hi10_2808-0_0016807225_pksum d

S
= 100
: g ]
BEa_Z0_ HPLC It_q0_0110894-hi10_35973-0 0016569?3 _pk1 |
B5a_Z0_HPLC__It q0_01108594-bi10_3573-0_00165697s_pkZ = ]
6 of 3694 files selected 50—
Sel. all | Sel. Unsel. | Ady. Sel. | Wie | kdowie | Log ¥ | Log % |l_ Err Rescale b
Mtz PyEtage | T B0 MDA | width | cotor |
Birl | smooth | SWD make | Testiy | Make I i
Concentration load | FEHEH e | Detector 0
Produced Data
fhomedultrascan/HPLC _SAKSBSAS_t_Novld/integral_bas/praduced
BEA_Z0_HPLC__It qO0_177374-hi-0_403367-05_pk3 Al
BSa_Z0_HPLC__It q0_177374-hi-0_405367-0s_pkd
B5a_ 20 HPLC It qD 1??3?4 bl D 40836? Os_pksur j
T o "D of 3245 files selected
Select all | Invert | Sirnilar | e | el B | Ezi |
) e
Fila b | EOEEal o e ense | b0l s | Corkdap | Save Plots | Eariel | [REEH
— U1 =Ll & Bae-le N B ke A ales | Baseline | Easelimer L, | ifestiii | ifnescale | el | Al
S0 on WelT] 1.7e+03 QrfT] 4.63e+04 MW[RT] 3.76e+05 MWI[RT] is calibrated for gmax 0.20 and this gmax is = AT | Global Gaussians Scale analysis | Trial make (g | Faifiior
0.1&3
P walue analysis summary: E‘ ZelEet Visible| REmatE ig | Crop Comm0n| () e | Crop Zeros | (S L | el | (S Rt | Legend
Help | Options | Close

To visualize the joined curve and the Global Gaussian fit to the joined curve the Make result curves button is provided. This will create the joined curve along with the joined Global Gaussian fit as a pair of
curves that can be visualized outside of the Global Gaussian mode, as in the example shown below:
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AL US-50MO; SAXS HPLC ) () (6
823-1833, 2013)

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys

Data files

[~ Lock fhomedultrascan/HPLC_S&XS/BSAA_T_MNovlSfntegral_bas i
Add files e ] 2 Concentrations Remove files | ]
[ =T NS | LS | P LN B P o) o R RN N4 e R ) ) ﬂ
BSA_Z0_HPLC__It_g0_177374-hi-0_408367-05_pkd 1
BSA_20_HPLC__It_g0_177374-hi-0_408367-0s_pksum 7
BEa_z20_HPLC__It_g0_183417-hi-0_559613-05_pk1 150
BSA_Z0_HPLC__It_q0_183417-bi-0_559613-0s_pk2 |
BSA_20_HPLC__It_g0_183417-hi-0_5593613-05_pk3 |
BSA_Z0_HPLC__It_g0_183417-hi-0_559613-0s_pk4
BSA_20_HPLC__It_g0_183417-hi-0_559613-0s_pksum 1
S
2-‘100—
¢ of 3836 files selected = ]
Sel. all | Sel. Unsel. | Adv. Sel. | Wiewy hovie Log X | Log Y |I— Etr Rescale = |
Vel | EUErane T BODlE L | widtn | calor i
Eiri | Smooth | SVD Make iy | Testig | Makelm i
Concentration load | Hepeak: =it | Detectar 50
Produced Data J
fhomedultrascan/HPLC _S&XEB5A/_t_NovlS/ntegral_bas/produced i
L o p ettt e B : —prreer
BSA_Z0_HPLC__It_q0_183417-bi-0_559613-0s_pksum 2 g
joined_target o

joined_gaussians

0 of 3247 files selected

Select all | Invert Similar | FEMERE | i T | Ak |
Y, ot R L
File 3D | EOHEERT Al u FETEENGE | Residuals | Corhdap | Save Plots | Eance | iz
IIJE—UI F-CHT o.6de-0c N B Ak A ales | Baseline | BRI 2l | NS | iTiEscalE | SN | b Al
g?agn Wie[T] 1.7e+03 Qr[T] 4.632+04 MW[RT] 3.76e+05 MW[RT] is calibrated for gmax 0.20 and this gmaxis = . | Global Gaussians Scale Analysis | TraEre ) | Ciliniar
P walue analysis summary: z‘ |z Visible| BEMEYE IS | Crop Comm0n| ST e | Crop Zeros | (ST EETD | [ je]j | (e BTy | Legend
Help | Options | Close
If available, a concentration chromatogram deriving from UV or refractive index monitors can now be processed. After uploading a suitable file with the Concentration load button:
xR US-50MO; SAXS HPLC b MGV E.S

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys

Data files

[~ Lock fhomedultrascan/HPLC_SAXS/BSA
Add files Similar Caoncentrations Remave files |
Croe_CO_TIE Do T O T T a0 _ SO -0 IR

BEa_20_HPLC__It_g0_177374-bi-0_408367-05_pksum
BEA_20_HPLC__It_g0_183417-hi-0_553613-0s_pk1
BSA_Z0_HPLC__It_g0_183417-hi-0_55961 3-0s_pkZ
BSA_Z0_HPLC__It_g0_183417-hi-0_55961 3-0s_pk3
BSA_20_HPLC__It_g0_183417-hi-0_559613-0s_pkd
BEa_z20_HPLC__It_g0_1853417-bi-0_559613-05_pksum
joined_target

joined_gaussians

1 of 3897 files selected

Sel. all | Sel. Unsel. | Ady. Sel. | Wie [ e Log ¥ | Log % |l_ Err Rescale
itz EhEtane e e o | width | cotor
Birl | smooth | ) e T A

Concentration load | HEHEER Set | Detector

Produced Data
fhomesultrascan/HPLC _SAXS/BSAproduced

e o = L i 8 e T —prer =
BSA_Z0_HPLC__It_g0_183417-hi-0_55961 3-0s_pksum =l
joined_target
joined_gaussians Z‘
0 of 3247 files selected
Select all | Invert Sirnilar | FEMYE | el B | i |
e sy
Fila D) | EniEENral o rETe e e | el el | (Eif = | Save Plots | EariEel | [REEH
= SRR | Elarke atialais | EEselife | Easelie ammly | NrEEi: | Timescale | 5D eval | o iy
S0 on WclT] 1.7e+03 QrT] 4.63e+04 MW[RT] 3.76e+05 MW[RT] is calibrated for gmax 0.20 and this gmaxis = . | ilahal Gl | CCalElenal e | il e o | Faifiiar
0.1a3
P walue analysis summary: z‘ B Visible| HEMEHEIE | Crop Comm0n| (ST i | Crop Zeros | oL | e | (ETCp Rt | Legend
Help | Options | Close

the first operation is to rescale it to one of the high intensity but relatively low-noise /() vs. ¢t chromatograms. This is done by selecting the two files:
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US-50MO; SAXS HPLC

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys

823-1833, 2013)

Data files
fhomefultrascan/HPLC _SAXS/BIA
e ] 2

[~ Lock
Add files

Remove files |

E

Concentrations

ESA_20_HPLC__I_g0_00730853-hi30_5184-0_00417253s
BSA_20_HPLC__It_q0_00756097-hi27_4741-0_00380819s
BSA_20_HPLC__It_g0_007813-biz6_705-0_00382033s
BSA_20_HPLC_It_qO_D0&06503-hiz4_1193-0_003526425
BSA_20_HPLC_It_q0_00&31706-hiz1_969-0_00329545s
ESA_20_HPLC__I_g0_D0&SES0%-hil6_8105-0_002802345

33

BSA_20_HPLC__It_g0_00932513-hi12_7655-0_00191595 ~
T T T T T T TG 0r 3897 fies selected

Sel. all | Sel. Unsel. | Adv. Sel. | Wiewy hovie Log X | Log Y |I— Etr Rescale

Vel | EUErane T BODlE L | widtn | calor

Eiri | Smooth | SVD Make iy | Testig | Makelm
Concentration load | Repeak Set | Detectar
Produced Data
fhomefultrascan/HPLC _SAXKS/BSAfproduced
T R T T ﬂ
BSA_Z0_HPLC__It_q0_183417-bi-0_559613-0s_pksum
joined_target
joined_gaussians Z‘
0 of 3247 files selected
Select all | Invert | Similar | FEMERE | i T | Ak |
Y, ot R L
File 3D | EOHEERT Al u FETEENGE | Residuals | Corhdap | Save Plots | Eance | iz
IIJE—UI F-CHT o.6de-0c N B Ak A ales | Baseline | BRI 2l | Timeshitt | iTiEscalE | SN | b Al
S0 on WelT] 1.7e+03 QT] 4.638+04 MW[RT] 3.76e+05 MW[RT] is calibrated for gmax 0.20 and this gmax is = . | Global Gaussians Scale Analysis | TraEre ) | Ciliniar
0.183
P walue analysis summary: z‘ |z Visible| BEMEYE IS | Crop Comm0n| ST e | Crop Zeros | (ST EETD | [ je]j | (e BTy | Legend
Help | Options | Close

and pressing Repeak in the left-side command panel, which will bring up a small window asking to identify the target chromatogram (in case multiple were selected).

SOMO: HPLC repeak: ente

Select the peak target file:

Cancel I

Usually concentration detector data have no associated SDs. In this case, another pop-up panel will appear presenting three options:

\6.:) The repesk target:
BSA_20_ HPLC_ It qb_009075316-bi16_2582-0_002465535
has S0s, but the concentration file:
BSA_ 20 280 frame
to repeak does not have SDs at every point.

What would you lke to do?

lgnore S0s Wlatch target S0 % pointwise SetsD'sto 5%

e Ignore S.D.s.
o Match target S.D. % pointwise; this will generate artificial SDs data associated with the concentration detector data matching %wise and pointwise the SDs present in the target /(?) vs. ¢ data.
o Set S.D.s to 5%; this will generate artificial SDs data at a 5% level associated with the concentration detector data.

Selecting the second option will allow a consistent Gaussian analysis of the concentration detector data.

The repeak operation is then automatically performed, and another pop-up message will appear:

\?.) Would wou like to *set* the repeaked concentration file?

If no time-shift between the concentration and the SAXS detectors is present, the repeaked concentration file can then be directly associated with the SAXS datasets. Otherwise, it is better to perform first
the timeshift operation (see below) before setting the concentration file. The result of a re-peak operation is shown below, and the scaling factor is added to the concentration dataset filename.

US-50MO; SAXS HPLC

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys

A
823-1833, 2013)

Data files

[~ Lock fhomefultrascan/HPLC _SAXS/BIA
Add files e ] 2 Concentrations Remove files |
Dom_CO_Tr O T qo_ T T T I - 0_F 000 =0 RS

BSA_Z0_HPLC__It_g0_183417-hi-0_559613-0s_pki
BSA_20_HPLC__It_g0_183417-hi-0_55961 3-0s_pk2
BEa_z20_HPLC__It_g0_183417-bi-0_559613-05_pk3
BSA_Z0_HPLC__It_q0_183417-bi-0_559613-0s_pkd
BSA_20_HPLC__It_g0_183417-hi-0_55961 3-0s_pksum
joined_target

joined_gaussians

¢ of 3836 files selected

Sel. all | Sel. Unsel. | Adv. Sel. | Wiewy hovie Log X | Log Y |I— Etr Rescale
Vel | EUErane T BODlE L | widtn | calor
Eiri | Smooth | SVD Make iy | Testig | Makelm
Concentration load | Repeak Set | Detector
Produced Data
fhomedultrascan/HPLC_SAXKS/BSA/produced
A A A B A e T e
joined_target ﬂ
joined_gaussians
BSA_Z0_280_frame-rp0_g&111637 Z‘
0 of 3248 files selected
Select all | Invert Similar BEmuE | VB | ZAE |

Y, ot R L

I(t) [a.u.]

File 3D | EOHEERT Al u FETEENGE | Residuals | Corhdap | Save Plots | Eance | iz

IIJE—UI F-CHT o.6de-0c N B Ak A ales | Baseline | BRI 2l | Timeshitt | iTiEscalE | SN | b Al

gﬁ)agn Wie[T] 1.7e+03 Qr[T] 4.632+04 MW[RT] 3.76e+05 MW[RT] is calibrated for gmax 0.20 and this gmaxis = e — | T Scale Analysis | TraEre ) | T

P walue analysis summary: z‘ |z Visible| BEMEYE IS | Crop Comm0n| ST e | Crop Zeros | (ST EETD | [ je]j | (e BTy | Legend
Help | Options | Close
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After re-peaking, the concentration chromatogram usually must be time-shifted to align its peaks to the /(?) vs. ¢ chromatograms using the Timeshift button.

Again, at least two files must be selected, one is the concentration data, the other belonging to the /(?) vs. t (the file used for re-peaking is normally used for this operation). An automatic alignment is first
performed, using the highest intensity peaks. The alignment can then be refined manually by left-clicking and moving the mouse over the grey-shades wheel bar below the graphics window until the two
chromatograms are best aligned.

o US-50MO; SAXS HPLC b WY E.S
Developed by Emre Brookes, Javier Pérez, Patrice hette and Mattia Rocco (see J. App. Cryst. 46:1623-1833, 2013)

Data fil
ata files 200

[~ Lock fhomedultrascan/HPLC_SAXS/BSA
e ddiles | 1] 2 L] e A B ke les |
Do _CO_TE Do T O T T T a7 S R OO =TT ﬂ

BEA_ZOI_HPLC__It_q0_183417-hi-0_55961 3-05_pk1

BEA_Z0_HPLC__It q0_183417-hi-0_559613-05_pk2

BE&_20_HPLC__It_g0_183417-hi-0_553613-05_pk3 150
BEA_Z0_HPLC__It_n0_183417-hi-0_55961 3-05_pkd

BEA_Z0_HPLC__It q0_183417-hi-0_55961 3-0s_pksum

joined_target

joined_gaussians

BSA_20_g50_frame —_—
20 frame =

— o 100
2 of 3898 files selected =
el | el el | el | B, | faiiE | [Eram | rji | |l_ Etr Rescale =

fitizizen BUetane | TR e o e e
Birl I ) el e
Concentration load | FEHEAR e | [VETR AN

a0

Produced Data

fhomedultrascan/HPLC _SAKS/BSAfproduced

T T T T E e oo TR — T —prrere
joined_target

joined_gaussians

BSa_20_280_frame-rp0_2G111697

b

L

0 of 3248 files selected
e || | [ EL: | e i 2 | FEMERE | i T | A |

) e

Eile a | = 10,6176

=0T I-CNT 0.096-0c " Timeshift
S0 on Wo[T) 1.7e+03 Gi[T] 4. 63e+04 MW[RT] 3.762+05 MW[RT] is calibrated for gmax 0.20 and this gmax is i) | Concentration reference | . | Eoran | e =) | e — | Keep
0.183
F value analysis summary: T‘ Elatke atiallysis | Easelie | Easelie 2y | eI | imescalE | v enal | exlal Ly
Help | WHETHnE | Close

The value of the timeshift is reported in the field next to the grey-shades wheel bar.
Cancel will stop the operation.
Keep will keep the time-shifted data. The produced data will have the timeshift value added to its filename on saving.

Another pop-up panel will appear, asking to associated the time-shifted concentration file to the SAXS data:

\?.) Wolld you like to *set* the timeshifted concentration file?

Yes ‘

Answering "yes" will then associate the re-peaked, time-shifted concentration data to the /(¢) vs. t SAXS dataset under analysis. This operation can be anyway performed at any time by selecting only a
concentration chromatogram dataset, and pressing Set. The concentration chromatogram shown in this example is then cropped to have approximately the same frame number as the SAXS () vs. ¢
chromatograms.

The re-peaked, time-shifted concentration chromatogram can be now fitted with Gaussians, using for initialization the set derived from the /(#) vs. ¢ chromatograms (note: it is mandatory that the same
number of Gaussians be used for both the concentration and /(?) vs. ¢ chromatograms).

This is done by first selecting only the concentration chromatogram and then pressing Gaussian, which will bring up the current Gaussian parameters automatically rescaled to the highest intensity in the
concentration chromatogram:

r . US-SOMO: SAXS HPLC x &) &
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys 11823-1833, 2013)

Data files

[~ Lock fhomedultrascan/HPLC_SAXS/ESA
Sdules | Erililzir EOREER Tt nE: BEmEyEes |
Doom_CO_Tr D T O T T -0 _J a0 T -0 [T ﬂ

BSA_20_HPLC__It_g0_183417-hi-0_55961 3-0s_pkZ
BSA_Z0_HPLC__It_g0_183417-hi-0_55961 3-0s_pk3
BSA_20_HPLC__It_g0_183417-hi-0_55961 3-0s_pkd
BEa_z20_HPLC__It_g0_1853417-bi-0_559613-05_pksum
joined_target

joined_gaussians

BSA_Z0_250_frame

BSA_20_280_frame-rp0_2G111637

_frame-rp0_2511163 10_E176
1 of 3839 files selected

I(t) [a.u.]

| | e el | Ayl zel | Wie | ]k | [Erm | ) |I— Etr Rescale

Vel | Average | TR |
Biri T B0 e e e

Concentration load | HEpeak: D | [VElECinT:

BEa_z0_280_frame-rpd_z8111697_ts10_B176
Produced Data
‘homedultrascan/HPLC_SAKS/BSA/pproduced

TS e et

joined_gaussians ﬂ
BSA_20_280_frame-rp0_2G111637

BSA_20_280_frame-rp0_gG111637_ts10_6176 z‘

0 of 3249 files selected

e et | | FiE: | i =i | FEmukE | TEE S | EENE | Time [a.u.]
L) i R < =
——— Gavssors
File D) | EEENral o rETe e e | Residuals | (Eif = | ke e | Cancel | Keep
Crop wisible: done «| (SNBSS ] B S S S | EEAlERS R | il ke | (ETHIET
Grap visible: Clear | New | Del | 24 ora PO maeh [ 125085 EEEE [ 177557 Save

Cropping out g-range of (203.8371:262.618)

Crop visible: done S so At 1535 [ (RGO 1o produce data

Help | (e | Close

Pressing Fit will then bring up the Fit window (see here) and an initial round is done by keeping fixed both the position and widths. If necessary, a refinement can be done by keeping fixed the smallest,
front eluting peak(s), and allowing only a limited shift to a % of the initial values from the widths and positions determined from the SAXS data (suggested: 2-3% max). This should compensate for slight
misalignment between the concentration and SAXS detectors chromatograms.
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Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)

Data files
[~ Lock fhomefultrascan/HPLC _SAXS/BIA
i uiES e ] 2 ] e A e R E e |
Dom_CO_TE O T qO_TOJs T TR 0_Jd a0 T - 0o kT

BSA_Z0_HPLC__It_g0_183417-hi-0_55961 3-0s_pkZ
BSA_20_HPLC__It_g0_183417-hi-0_55961 3-0s_pk3
BEa_z20_HPLC__It_g0_183417-bi-0_559613-05_pk4
BSA_Z0_HPLC__It_q0_183417-bi-0_559613-0s_pksum
joined_target

joined_gaussians
BSA_20_250_frame
BSa_20_280_frame-rp0_2G111697
i 611163

0_280_frame-rp s10_B176

LUS-50MO: SAXS Hplc: Gaussian Fit
[{ormEliee:

Bifl I~ Fix Gaussian centers

US-SOMO: SAXS Hplc: Gaussian Fit Eolar

W % wariation 3 [ From initial value [

I(t) [a.u.]

L

X
scale

Concentration

™ Fix Gaussian widths v % variation | 3

I~ From initial wvalue | 50

™ Fix Gaussian amplitudes ™ 3 variation | 5

I~ From initial walue

Fix Gaussians: T2 r 2 3 4
0.000177233 —_|

joined_gaussians 100 =
BSA_20_z80_fram
BS&_20_280_fram Maximum calls: | 100 Z‘

pov— Restare to initial values Undo P— Time [a.u.]

LbA G5 5D G5 IH G5 CG = =
] Gaussians

File =00 &0 | EOHEEtrEt o TETE e e | Residuals | 0 E EE | Cancel | Keep
Crop wisible: dong Help | Close N (HaAEE ErE (e} =i e i | aealerAnalEE | AtiEl ke | (ETITHIET
S0 weighling requeceam s owrony Clear [ mew [ Del | = J4ora[ ST maeh [ qzazz [ 7atszs | 1e0.ss Save
does not support fractional or negative frame numbers.
S0 weighting turned off, 7|l7 30 Fit |1D.826 | 10.6176 | 174.059 To produced data

Help | (e | Close

As evidenced in the image above, some band broadening has occurred between the UV-VIS and SAXS detectors. While the issue appears to be relatively minor here, it can be more serious. To at least
partially mitigate this issue, we have implemented a re-shaping routine that re-aligns the shape of the concentration detector chromatogram to that of the SAXS detector chromatograms. It is based on
determining first the area under each Gaussian peak in the concentration chromatogram after fitting it with the SAXS-derived Gaussians with minimal centers and widths changes, as described above. Then,
when the Make I(q) routine is launched, the concentration chromatogram Gaussians can be optionally re-shaped on the SAXS-optimized Gaussians, keeping their areas fixed and adjusting the other

parameters (see below).

The Save and Keep buttons must be then pressed to store and associate the resulting Gaussians to the concentration chromatogram. On re-generating the I(g) vs. g frames (see below), each concentration

Gaussian peak will be mapped onto the corresponding /() vs. ¢ peaks.

The Make I(q) button becomes available every time that more than one /(f) chromatogram is selected. If Gaussian fitting was performed, pressing it will produce a series of I(g) vs. g curves for each
Gaussian peak for each frame of the chromatogram on which the global operations have been carried out. An option panel in a pop-up window will allow several choices:

&

US-SOMO: SAXS HPLC : Make I(q)

US-SOMO: SAXS HPLC : Make I(q)

Create sum of peaks curves

If zeros are produced when computing SDs:

v| Add SD computed %-wise from the difference between the sum of Gaussians and the original I{qg)

V| Average adjacent SDs Set to 0.1 % of peak's I(q)

v| Average and normalize resulting I{g) curves by Gaussian, using top % of max. intensity 5

Do you want to set the concentration file Gaussians centers, widths and skewness to the SAXS-optimized values,
v| adjusting the amplitudes and keeping the areas constant?

This implies that all the species that were defined as Gaussians contributing to the SAXS signal also contribute to the concentration signal.

Howewver, the apparent average mass for each peak should be a closer approximation to the real value when significant band broadening occurs
between the concentration and the SAXS detectors.

V| |0 standard experimental value (a.u.) : [

5.4E-5

l

Gaussian
1 0.66
2 0.66
3 0.66
4 0.66

Concentrations will be computed and will be written along with PSVs to the output I(q) curves
Extinction coefficient (ml mg™-1 cm™-1)

Partial specific volume (ml/g)
0.733

0.733
0.733
0.733

Duplicate Gaussian 1 values globally

Help I

Quit l Malce I(g) without Gaussians l Continue

A description of this module can be found here.

Once the /(g) vs. g files have been generated, it is possible to view the resulting Gaussian contributions and their sum, as shown below:
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US-50MO; SAXS HPLC

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys

823-1833, 2013)

Data files

[~ Lock fhomefultrascan/HPLC _SAXS/BIA

Add files e ] 2 Concentrations Remove files |
BSA_20_HPLC_hs_pkd_t0S8 |
suml_hs_TOSE

suml_hshai_T055

_tns9

059
059

B 0_HFLC

ESA_20_HPLC_hs_pkd_tnss

=
3
suml_bs_T059 |
=
=
Bes 20 HPLST ke w1 HNRND :
o of 3097 files selected =
sel.all | el Unsel. | adv.sel | view | Movie Log® | Linv | Er | Rescae | S
=
Vel | Average Ta SOMO/SAS | widtn | cator | =
Bin | Smooth | SVD e e
Concentration load | Hepeak: D | Detectar
BEA_20_280_frame-rp0_z8111637_ts10_6176
Produced Data
fhomedultrascan/HPLC_SAXKS/BSA/produced
A e i
suml_hs_T198 ﬂ
suml_hshai_T1535
BSA_Z0_HPLC_59 Z‘
0 of 4447 files selected
Select all | Invert Similar | FEMERE | i T | Ak |
Y, ot R L
File i | EOHEERT Al u FETEENGE | Rz el il | Corhdap | Save Plots | Eance | iz
I?|Ies Toaded ok ~|_Blanks analysis | EABE]TE | BB el AL | ATEEHIT | ITTEEEAlE | S B | (AL,
Crap wisible: (ERlEEiAnE | bl Galssiane Scale analysis | i ke 1) | Guinier
Cropping out g-range of (0.00176423:0.00451458)
Crop visible: done z‘ Select Visible| Remove ¥is | Crop Comm0n| Crop ¥is | Crop Zeros | Crop Left | Undao | Crop Right | Legend
Help | Options | Close

Here the original and decomposed /(g) for frame #59 (cream), originally presenting an overlap between the trimers and dimers peaks, are shown, together with the reconstructed sum with baseline back-

addition (see the legend for details). The drop of intensity at ¢ values > 0.07 A for Gaussian peak #1 (purple) is due to its contribution vanishing in the high g range. Note how there is a contribution from
Gaussians #1, #2 (orange), and #3 (olive green) in this frame (peak #4, not contributing at all in this frame, is not shown). Note also how the reconstructed curve with baseline back-addition (whose color

would be cyan) perfectly superimposes with the original frame data (cream), and thus is almost not visible in this frame except at the very end of the ¢ range.

A zoom into the low ¢ region for frames #75-86 of the Gaussian peak #3 it is shown in the next two images, before and after concentration normalization ( Normalize button):

I{q) [a.u.] (log scale)

i) | (B Gty reference| ez | Corkiap | Save Plots | (Eaice] | IREEH
Blanks analysis | Easelifie | Easelie | e ST | itEsEalE | & ) | ol Tl
(Ejil o e | G e it e e Scale Analysis | il ke | Guinier
Select Visible| Remove Yis | Crop Comm0n| Crop ¥is | Crop Zeros | Crop Left | Undo | Crop Right | Legend
Close

I{q) [a.u.] (log scale)

L) | ) e = referenc:e| REsiE | Corkdap | Save Plots | Earcel | iz
Blanks analysis | EAsElifiE | EaseliiE 2y | N fTESHITE | irESEalE | i B | 5 W
(AL EE A | et R s EE | Scale Analysis | il ke ) | Guinier
Select Visible| Remaove Vis | Crop Comm0n| Crop VWis | Crop Zeras | Crop Left | Undao | Crop Right | Legend
Close

In the latter, an average curve (obtained by pressing the Average button) is also superimposed. Such re-generated /(g) vs. ¢ data can be directly exported in the main
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operations by pressing the 7o SOMO/SAS button.

Note that starting from the January 2018 release, an automatic selector of frames to be averaged has been introduced within the Make I(q) option panel (see here). This option will also normalize each frame

by its associated concentration value, if present, before performing the average.

If a concentration chromatogram is associated with the data, an additional utility present in this module allows to map a single selected /(g) vs. ¢ dataset onto the concentration chromatogram, by pressing

the Concentration reference button:

AL US-50MO: SAXS HPLC 2 L) (26

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Crys

Data files

[~ Lock fhomefultrascan/HPLC _SAXS/BIA
&dd files Similar Concentrations Remove files |
sum_bsbal_TJ79 B 100
BSa_z20_HPLC_bs_pkl1_t0S0
BEA_20_HPLC_hs_pkZ_t0&0 —
_t =
BSA_Z0_HPLC_hs_pkd_t0do e 10
suml_hs_TOG0 g’
suml_hshai_T0&0 p=t
BSA_20_HPLC_hs_pk1_t0a1 1 ';
BSA_20_HPLC_bhs_pkZ_tog1 A
BEA_Z0_HPLC_hs_pk3_tog1 Jhd| E
10f 3110 files selected =
Sel.all | Sel Unsel. | &dv.sel | view | Wovie LogX | Lin¥ [#Er | Rescale
Nommalize | EUEtanE To SOMO/SAS | width [ cotor L
Bin | Smooth | ) e e e
Concentration load | FEREEk e | Detector
BSA_20_280_frame-rp0_28111697_ts10_B176 Ig I I I U_Igg I I I D_ID4 I I I g_lga I I I g_lga I I I DI_-]
Produced Data q [1/Angstrom]
‘homesultrascan/HPLC _SAXS/BSAfproduced
il | 200
BSA_20_HPLC_bhs_pki_toga_n 2 150
BSA_Z0_HPLC_bs_pki_t0dk_n i = 400
BSA_20_HPLC_hs_pki_t_f12_075_086_avy_n Z‘ 2= 5y
0 of 4460 filas selected = 0
Select all | Invert | Similar | BEmuE | VB | ZAE | 71 T T
1] 50 100 150 200 230 300
Y, gy Time [a.u.]
Eila i | Concentration reference | Rz el il | wrfEmn | Save Plots | Eance | iz
Crop visible: N Elafke atallyais | Easelie | Easelie | eI | ifestalE | = ) | ol Ly
Cropping out g-range of (0.001768423:0.00451458) i | i) sl e e e [ | izl ke | Guinier
Crop visible: done — . . .
Motice: using standard deviation in mean calculation z‘ Select V|3|ble| Remaove ¥is | Crop Comm0n| Crop ¥is | Crop Zeros | Crop Left | Undao | Crop Right | LLegesim
Help | Optians Clase

In the example shown above, the /(g) vs. g data for the decomposed peak #3 frame #80 are shown with their associated errors, and below it the position of this dataset is shown by the vertical red line on the
associated concentration cromatogram. Each time a different chromatogram is selected, its position will be mapped on the concentration plot.

Pressing the Concentration reference button again will make this additional plot disappear.

Finally, the data shown in any of the plots currently visualized can be saved in csv-formatted files by pressing the Save plots button. This will open a pop-up dialogue window where the location and the

root filename for the cvs files can be set.

www contact: Emre Brookes
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SOMO HPLC-SAXS Module Gaussian analysis theory

Last updated: December 2017

NOTICE: the Gaussian decomposition method is being developed by E. Brookes, J. Perez, P. Vachette, and M. Rocco.
Portions of this help file are taken from the Supplementary Materials of Brookes et al., "Fibrinogen species as resolved by HPLC-SAXS data processing within the UltraScan SOlution MOdeler (US-
SOMO) enhanced SAS module", J. Appl. Cryst. 46:1823-1833 (2013), and from Brookes et al. "US-SOMO HPLC-SAXS Module: Dealing with Capillary Fouling, and Extraction of Pure Component
Patterns from Poorly Resolved SEC-SAXS Data", J. Appl. Cryst. 49:1827-1841 (2016).

Given the matrix I containing columns i of /(g) and rows j of /(2), the principles of Gaussian analysis can be schematized as follows.

Single curve fitting:

i

Pick a row i of I and define a set of p Gaussians b; (t }]le , with amplitudes @}, , centers by, , and widths ¢}, . Then:

b ]

Gi()=aje 2t f

In the US-SOMO HPLC-SAXS module, we let the user visually place the centers .-'?i , and subsequently provide several methods for fitting (see below) by minimizing over, in general, 3p variables,

ai, bj,and cf :
z_r‘ [[Zj. Gi- (t, }]— f{.}.]:

or in the case that 7j:8; = 0 (i.e., the M row of the matrix S containing the data-associated SDs has no zero elements):

ZJ: [(ZA UE;"‘,F) ]' J':'_,r']z

i

In the program, there are options to fix a combination of individual Gaussian curves &, amplitudes a, centres b, and widths ¢, which would result in fewer than 3p variables during the minimization.
Constraints, in percentage from previous value or from the initial value, are also available for a, b, and c.

Global Gaussians:

In the US-SOMO program, entering the Global Gaussian mode does a fit of the preset single curve {G,E {!}} against every curve i = 1, ..., m, keeping the centers b and widths c fixed. This provides an
initialization of the amplitudes a for all curves as a starting point for global fitting or for refinement/extension to other datasets a previous global fitting on a subset of data.

Global fitting:
Given a {G;‘: (I)} for a specific row i = from the result of a single curve fitting, one can globally fit over the amplitudes ﬂi by utilizing common centers, f?::. = b.i for = {1, ...,m; i # [}, and common
widths, Li = L‘jr;. for = {1, ...,m; i # [}, and then doing a global minimization over the pm + 2p variables ﬂi. , bi , c‘i , as above. Global fitting is currently only available with a Levenberg-Marquardt

minimization routine. As in the single Gaussian fitting, there are options to fix a combination of individual Gaussian curves k, amplitudes a, centres b, and widths ¢, which would result in fewer
variables during the minimization. Constraints, in percentage from previous value or from the initial value, are also available for a, b, and c.

www contact: Emre Brookes

This document is part of the UltraScan Software Documentation distribution.
Copyright © notice .

The latest version of this document can always be found at:

http://somo.uthscsa.edu

Last modified on December 13, 2017.
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SOMO HPLC-SAXS Module: Gaussians with distorsion(s) operations

Last updated: December 2017

NOTICE: the Gaussian decomposition method is being developed by E. Brookes, J. Perez, P. Vachette, and M. Rocco.

Portions of this help file are taken from the Supplementary Materials of Brookes et al., "Fibrinogen species as resolved by HPLC-SAXS data processing within the UltraScan SOlution MOdeler (US-
SOMO) enhanced SAS module", J. Appl. Cryst. 46:1823-1833 (2013), and from Brookes et al. "US-SOMO HPLC-SAXS Module: Dealing with Capillary Fouling, and Extraction of Pure Component

Patterns from Poorly Resolved SEC-SAXS Data", J. Appl. Cryst. 49:1827-1841 (2016).

This manual part describes the Gaussian analysis and decomposition operations using non symmetrical (skewed, distorted) Gaussians. The dataset we will use as an example is the same HPLC-SAXS

analysis of Aldolase that is used to demonstrate the linear baseline operations (see here):

Data files

[~ Lock fhomedfultrascan/HPLC_SAXS/Aldolase_g5_11_S0OMOS_t_sd3
Add files Similar Concentrations Remove files |
aldo_pH7p5_Elution1_002Z__It_q0_D0BZ862-bl6_1603246e-08-3_TE0G354e-06s -

aldo_pH7p5_Elution1_0022__It_q0_D06S576G-hld_5693595e-08-4_3566553e-065
aldo_pH7p5_Elution1_002Z__It_gq0_0074Z2915-hl3_8§357499e-08-4_5339486e-06s
aldo_pH7pS_Elution1_0022__It_q0_00800062-hlG_126353e-09-8_4575464e-06s
aldo_pH7p5_Elution1_002Z__It_g0_00857209-hl-2_1671613e-08-1_2659721e-05s
aldo_pH7pS_Elution?_0022__It_gq0_00914356-hl-2_1642117e-08-1_1537559e-035
373e-06s

aldn nHT7nE Elidinnl O0>7 It mf A11AZAE_hI_Z AZ333230a_N8_2 AN1R3RTFa_NFc ﬂ ';
1 of 409 files selected 5
Sel. all | Sel. Unsel. | adv. Sel. | W ey [IEIE | Log x | Log ¥ |I— Err Rescale g
e ElErae e T o | width | Color
Bif | smooth | G0 zRe ] Testi e
Concentration load | HERER i | Detector

Produced Data

fhomedultrascan/HPLC_SaX s aldolase_25_11_S0OMOY_t_sd3fproduced

T ST oo EE— Ty T oo T RT T —rcore =
aldo_pH7p5_Elution1_002Z__It_gq0_238738-hl-1_792122e-09-4_0570974e-073 J
aldo_pH7pS_Elution1_0022__It_gq0_239308-hl-8_4350245e-10-1_B652602e-075
aldo_pH7p5_Elution1 _002Z__It_gq0_239679-hl-1_0801758e-09-9_1663265e-085 j
0 af 409 files selected
Select all | Invert | Similar | HEMEYE | AR | EELE | I T T T T T T T T T I T T T T I T T T T !
0 50 100 150 200
E i (A Time [a.u.]
Fila L) | O reference| EEE | e AEEN TR ETE | Save Plots | e REEH
R_emwed aldo_pH/ps_Elufont_nizz_ ig0_ooonii6e ﬂ e = T | Baszeline | Baseline apply | ANTHE ST | izt | 5D ewval 0 =] |
Removed aldo_pH7p3_Elution1_002Z__It_g0_007423715 EMG+GMG | el il il el BralE fnalsi | izl make (o) | Eigll=lf
Removed aldo_pHYpS_Elution1_0022__It_g0_006E5765
Removed aldo_pH7pS_Elution]_0022__1_g0d_0062&662 j | = Visihle| A | Crop Cumm0n| ) | Crop Zeros | ErEpEer: | el | (ErEp E: | Legend
Help | Options Close

The type of distorted Gaussian to be utilized is chosen in the Options panel accessed by pressing the Options button:

US-S0M0O: SAXS HPLC : Options
Baseline removal
 Linear baseline remowal

‘Integral of I{t) baseline remov
Smoothing

hMaximum iterations:

alpha early termination limit:

Globhal Corbdap Analysis maximum g [A“—1]:
Gaussian bMode

Standard Gaussians

GG [Hal-Gaussian modified Gaussian)
ErG (Exponentially modified Gaussian)
= EMG+GRMG

taximum absolute value of EMG and GMG distortions:

OIS

Clear cached Gaussian values

[ Save C3V transposed
I(t) negative integral check window :

@ Limit Guinier hMaximurm ¢ | 1.3
MWIRT] k :

MWIRT] ¢ :

MWIRT] gmax cut-off :
Help Quit ak |

We will start with the Exponentially modified Gaussian (EMG) function. After selecting it and returning to the HPLC-SAXS main panel, a EMG button will replace the default Gaussians button.

Pressing it will bring up the EMG settings:
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Developed by Emre Brookes, Javier Pérez, Patrice Yachette and Mattia Rocco (see J. App. Cryst.

18231833, 2013)

Data files
[~ Lock fhomedultrascan/HPLC_SaXE/aldolase_25_11_S0OMO/_t_sd3/Baszeline ]
ol ilEs = i LSO EE MR LT BT B | 0.0003 -
aldo_pH7p5_Elution1_002Z__It_g0_0062562-bI8_54456e-09-1_5516896e-053 - i
aldo_pHTp5_Elution1_002Z__It_g0_00BS57EE-bl1_5025796e-09-1_4897117e-055 ]
aldo_pHTpa_Elution1_0022__ |t go_00742315-hl4_076E67358e-10-1_2117645e-055 0.00025 7
aldo_pH7p5_Elution1_002Z__It_g0_00800062-bl-1_4330222e-08-1_2800266e-053 : ]
aldo_pH7pS_Elution_0022__ It g0_00857203-bl-2_2906952e-05-1_3029512e-035 7
aldo_pH7p5_Elution1_002Z__It_g0_00914356-hl-1_§59444559e-08-1_0892503e-053 ]
aldo_pH7pS_Elution _002Z__|t_g0_00971504-hl-1_5239603e-08-1_0181535e-035 0.0002 —
5_Elution1_ —_ ]
aldo_pH7pS_Elution _002Z__It_g0_010856-hl-2_503514e-05-5_6130226e-063 g b
aldn nH7nE Ehidinnl Q027 It A0 N11A?Q5_hl_? AARAARI o NB_.7 R7A?NA7a_NRc ﬂ — b
1 of 404 files selected & 0.00015
] | | S | SR E | W iEw ERIE ) i | ] |l_ Err Rescale J
ez Elerane Tl e el i i
Eiri | SoD el g R 0.0001
Concentration load | HEpEak: St [IEECTT b
Produced Data 2e-ts B
fhomedultrascan/HPLC_SaxSraldolase_25_11_S0MOY_t_sdi/Baseline/produced 7
0
0 of 0 files selected )
Sl | i B e e e Time [a.u]
Sy, it il = 2
EMG
File D) | EOrCEntrati referenu:e| Residuals | (ErtlEm Al e | araye Blots | Cancel | Keep
=] | | RS E e el EN IS | ariEl ke | LN FIET:
]| | Mew | [E] | = |DDfD = |I_ Match | | | | SEVE
= Fit |D.EID14E19| 0 | 210 ol pradUced) date
Help | (IS | Close

Since an SVD analysis (see here) on this dataset (not shown) indicated that four components were at least needed to describe it, four EMG Gaussians are initally positioned:

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App.

Data files

[~ Lock fhomedultrascan/HPLC_SAXSE/Aldolase_25_11_S0OMO/_t_sd3/Baseline ]
el iz il i ) ) S HEMERENIES | 0.0003 N
aldo_pH7pS_Elution1_002Z__It_q0_0062862-hl5_S4466e-09-1_5516596e-053 = ]
aldo_pH7pS_Elution1_0022__It_q0_006G5766-b11_5025796e-09-1_4537117e-033 g
aldo_pH7p5_Elution1_002Z__It_gq0_00742915-bl4_07667E6e-10-1_2117645e-03s 0.00025 7
aldo_pH7pS_Elution1_0022__It_gq0_00300062-bi-1_4330222e-08-1_2600266e-033 : i
aldo_pH7pS_Elution1_002Z__|t_q0_00857209-bl-2_2306982e-08-1_3029512e-05s 7
aldo_pH7pS_Elution1_0022__It_q0_00314356-b-1_8344459e-08-1_06325303e-033 ]
aldo_pH7pS_Elution1_002Z__It_gq0_00371504-bl-1_5239603e-08-1_0161536e-039s 0.0002 —
nS_Elutioni_0 It q0_o10 h — ]
aldo_pH7p5_Elution1_002Z__It_gq0_010658-hl-2_505814e-08-6_6190226e-06s z 1
aldn nHT7nE Elidinnl O0>7 It m0 A11AZAE_hI_? AARAARI 0 NB_7 2747047 a_NFc ﬂ S — b
1 of 409 files selected £ 0.00015
el | =8| e =) | A E | W ey | [IEIE | [y | [y |I— Err: Rescale 4
e ElErae e o | ]
Bif I G0 el ) 0.0001
Concentration load | HERER i | Elzizeing b
Produced Data oe-05 7
fhomesultrascan/HPLC_SaxS/aldolase_25_11_S0MO/_t_sdd/Baseline/produced 7
00—
T T T T T T T T T T T T T T T T T T T T T 1
0 of O files selected 0 50 100 150 200
izl | e | [FIkErT | izl | HEMEYE | AR | N | Time [a.u.]
e T il « = 136.601
EMG
Fila L) | O reference| Residuals | e AEERE TR T | Era ke R | Cancel | keep
S | il =l ahale Al | SRzt | (EIITIET
Clear | Mew | Del ||« |40t o Maich [ 13ec01 | 2 [0000280341 | O Save
Help 8] e Close

Note that four fields are now present in the third commands row. The first three are the center, width and amplitude of each Gaussian, as in normal Gaussian operation, while the fourth is the EMG
Gaussian distorsion (set to 0 at the beginning). All other commands are identical as for normal Gaussian operations. Once the intial set of EMG Gaussians is positioned, pressing Fit will bring up again
the Gaussian Fit module:

US-S0OMO: SAXS Hplc: Gaussian Fit

¥ Fix Gaussian centers: = St warigtion| & [T From initial value
™ Fix Gaussian widths [ S5 variation | 5 [ From initial value
[ Fix Gaussian amplitudes ™ % variation | 5 [ From initial value
™ Fix distortion 1 [~ S& variation | 5 [ From initial value
* Commaon distortion 1

Fix Gaussians: [N [ 2 [ 3 [ 4

Epsilon: | 2.79554e-10
Iterations: | 1aa0
Maximum calls: | 100

] ele)

Help ‘ Close ‘

Note that in respect to the normal Gaussians operation, there is an additional distorsion field with its checkboxes (Fix distortion 1, % variation, and From initial value), and a Common distorsion 1
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checkbox. The latter is selected by default, because it is assumed that similar species will have similar distorsions on eluting from the column. This makes the Gaussian fitting more robust. If necessary,
once an initial round of fitting is performed, this constraint can be released, to verify if any further improvements are possible while still keeping resonable peak shapes for all Gaussians.

As with normal Gaussain operation, it is advisable to do a first fit while keeping the Fix Gaussian centers checkbox selected:

Developed by Emre Brookes, Javier Pérez, Patrice Yachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)
Data files

[~ Lock fhomedultrascan/HPLC_SaXS/aldolase_25_11_S0OMO/_t_sd3/Bazeline ]
E ol ilEs il [ LS EERE e BT R B | 0.0003 a
aldo_pH7p5_Elution1_0022__It_g0_0062862-bIA_S4466e-09-1_56166968-055 - ]
aldo_pH7p5_Elution1_0022__It_g0_00B&5768-bi1_5025796e-09-1_4837117e-05s J
aldo_pH7p5S_Elution1_0022__It_g0_007429715-hi_07667AGe-10-1_21176452-055 000025 ]
aldD_pH?pE_EIutiom_F‘“"“ TR ==Y =T =T =T =T =T == US‘ S&)ﬂ'[\f‘inoﬂ;:'}‘_xgithﬂnenﬂﬁﬁ_ n'—l—t - = . i
aldo_pH7ps_Elution1_| 7 =2 AL PLE: LAUSSIAN Fi .
aldo_pH7p5_Elution1_ US-S0OmMO: SAXS Hplc: Gaussian Fit i
aldo_pHTPS_Elution ] _| S : : — — 0.0002 —
a epwes=eem [ - Fix Gaussian centers. [0 % variation 5 [ From initial value -
aldo_p ution _ [ : I = ]
aldo_pH7pS_Elution1_|[C Fix Gaussian widths ™ 3% wvariation | 5 [ From initial value g .
aldn mH7nS Ehitinn1 . N 5 T AT o T
™ Fix Gaussian amplitudes [ %% variation | 5 [ Frominitial value = 0.00015
EalEl] | e UAET Fix distortion 1 I~ %% variation | 5 [ From initial value 2 -
MBrTEliee | ¥ Common distartion 1 s i
i | Fix Gaussians: I 2 3 4 0.0001 7
Concentration load 7 709554e-10 B
100 Se-05
Maximum calls: | 1a0 7
fhamesul 7
Restare ta initial values Undo ] ]
0
LI 53 50 G35 H G5 CG i :
. | T T T | T T T T I T T T T I T T T T | 1
Siop ] 50 ]DD 150 ]
BelEctal E Time [a.u.]
. LlEeE = = 136.601
Messages EMG
Fila A | EhfiGEntratia referenu:e| Residuals | (it TEn Arral eTe | FayE Blots | Cancel | Keep
Efil | (=i F e el BN e | il ke | (LI IET
Clear | New | Del | = |4 of4 [ = |~ Match | 136801 | 805213 [ooo027vass | oeossse | Save
[ &D Fit |D.DUD1 0261 | 0 | 210 To produced data
Help e ] Close

Followed by a round with the centers restrained by the % variation 5 from initial value:

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Cryst.

46:1823-1833, 2013)

Data files
[ Lock fhomesultrascan/HPLC_SAXS/aldolase_25_11_SOMO/_t_sd3rBaseline ]
el iz iz ORI E HEMEMENIES | 0.0003 |
aldo_pH7p5_Elution_002Z__It_g0_0062862-bl3_54456e-03-1_5516396e-055 i‘ ]
aldo_pH7p5_Elution1_002Z__It_g0_00BB5768-bl1_50257968-09-1_4897117e-055 4
aldo_pH7p5_Elution1_002Z__It_g0_00742915-bl4_07EE785e-10-1_2117645e-053 0O
a|dg_pH?p5_E|utign1_r‘n~m L en Acoooaco Ugsg;]noq%&;?_'lqngnﬂﬁ?- n'_:t - = o i
; -S50MGC: : w) (2
aldo_pH7p5_Elution1_| 7% PLC: Laussian =i -
aldo_pH7p5_Elutiont_ US-SOMO: SAXS Hplc: Gaussian Fit i
aldo_pH7p5_Elution_| =5 ; 0.0002 —
B = i =, fet initi -
TSl Gaussian centers. ¥ % variation | 5 M From initial value —_ ]
aldo_pH7p5_Elution1_|[T Fix Gaussian widths [ % wariation | 5 [ Frominitial value g .
IdA mHTRE Elitinnd : : : - = ]
sn s SEan Fix Gaussian amplitudes [~ % variation | § [~ From initial value = 0.00015
—o |
2zl el | ael WA Fix distortion 1 ™ % variation | 5 [ Frominitial value 2 -
GrfaElEe | ¥ Common distortion 1 il ]
il | Fix Gaussians: il 2 3 4 0.0001
Concentration load 7 79554e-10 b
100 e-05 —
Maximum calls: | 100 7
fhomesul 7
Restore to initial values Undo ] ]
00—
-7 7 T T T T 7 T T T T [ T T T T T
2y ] 50 100 150 200
HalzE|| E Time [a.u]
Help Close 5 5 R AT
Messages EMG
Fila L) | I 2y P reference| Residuals | T AEER TR EE | Era ke B | Cancel | keep
=l e | TR E S E el BN TS | ariEl ke | (NI
Clear | Mew | Del | = |4 ofd | = [ Match [ 132004 || 574589 |0.000357692 | 748085 Save
5D Fit |3.a1 B3e-05 | 0 | 210 To produced data
Help | Optinne | Close

Bringing in the SD and releasing all constraints but the Common distorsion produces a slightly improved fit:
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Developed by Emre Brookes, Javier Pérez, Patrice Yachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)

aldo_pH7p5_Elution_{ %

0.0001
aldo_pHT7p5_Elutiont _i US-S0MO: SAXS Hplc: Gaussian Fit

aldo_pHTRpS_Elution] _ ; : e
aldo_pH7pS5_Elutiont_(__Fix Gaussian centers: [ % variation

s Se-05
[ From initial value

aldn wHT7RE Eltiont ([~ Fix Gaussian widths " From initial value

=

Data files i

[~ Lock fhomedultrascan/HPLC_SaXE/aldolase_25_11_S0MO/_t_sd3/Baseline 0 DDDS—:
o lEs ][z LB BRI E: RO ES: 3
aldo_pH7pS_Elution1_0022__It_g0_00B2862-h13_54486e-09-1_5616596e-05s i‘ 0.00025
aldo_pH7pS_Elution1_002Z__lt_q0_00BE5765-hI1_S025796e-09-1_48971178-05s ]
aldo_pH7p5_Elution1_0022__It_g0_00742915-bl4_076676e-10-1_2117645e-053 R
aldo_pH7pS_Elution1_002Z__It_g0_00800062-ki-1_43302226-08-1_26002666-055 e
aldo_pH7pS._EIUtion]_(RA9—A ~A_AAAE2AA8 1nkA_2AARAAAAA 4 A83AFA~ L =0 ]
. US-SOMO: SAXS Hplc: Gaussian Fit ) k) 26 = 3

% variation |

5
|| 5

Gl all I Sl Upal Fix Gaussian amplitudes [T %% variation | 5 [ Frominitial value ; [ L — ) i T J T g P
|| =

e | ™ Fix distortion 1 %% varlation | [ From initial value [5r =TI

i | v Comman distortion 1
T A Sy Fix Gaussians: | u : | 3 4
Epsilon: | 2.51355e-10
Iterations: | 100
=
fhomesult Maximum calls: | 100 a
— -
Festore to initial walues IUndo _E
5
=
L CiEE] I (S
ie]o)
Eelenhal Help Close =
iy | Gy
Messages
Fila [T Reverse ¥ Use standard deviations [~ By percent
[ E 1 = 136.801
EMG
e | ORI E reference| Residuals | AR R e l A e R | Cancel | keep
ErE Global Gelssians | ECale Briall e | Tiial tare ) | Gilinier
Clear || DE = 4 ora B0 Maich | 131947 | 569162 | 0.00039112 | 7.58954 Save
¥ 5D Fit  |zs362] 0 | 210 Ta produced data
Help | Optitne | Close

However, the cost paid to achieve this apparently quite satisfactory fit is that the contribution of peak #1 appears to be exaggerated.
We can perform the same analysis using the Half-Gaussian modified Gaussian function:

Developed by Emre Brookes, Javier Pérez, Patrice Yachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)

Data files ¥
[~ Lock fhomedultrascan/HPLC_SaXS/aldolase_25_11_S0OMO/_t_sd3/Bazeline o DDDS—:
E ol ilEs il [ LS EERE e BT R B 3
aldo_pH7pS_Elution1_002Z__It_g0_00B2862-h13_54486e-09-1_56165966-055 ﬂ 0.00025 5
aldo_pH7p5_Elution1_002Z__It_g0_00BE576E-bl1_5025796e-09-1_4897117e-055 3
aldo_pH7pS_Elution1_0022__It_g0_007429715-bl4_0766786e-10-1_21176456-055 = 000023
aldo_pH7p5_Elution1_0022__It_gq0_00800062-bl-1_4330222e-08-1_2800266e-055 'EI'D —
Aldg_pHTPS_EIUlioN_paas— i =f A0AE2ARA LA AGASARAS A4 AAAACLAAEs =0 ]
) M US-SOMO: SAXS Hplc: Gaussian Fit 2 ) ) = ]
aldo_pH7pa_Elution? _ 0.0001 3
aldo_pH7p5_Elutiont _ US-S0OmMO: SAXS Hplc: Gaussian Fit 3
_EIUt 0N _ | ; : — — Se-05
aldo_pH7ps_Elutiont_||_ CX Gaussian centers, 1™ % variation | 5 [ From initial value 1
aldn nH7Rs Eltinnt ([T Fix Gaussian widths % Uariation| 5 [ From initial value 03
=l =l | Sell i Fix Gaussian amplitudes T %5 variation | 5 [ Frominitial value 5
Mormalize | ™ Fix distortion 1 [ %% Uariati0n| 5 [ From initial value jjgr - - -
i | I Common distortion 1 .
Concentration load Fix Gaussians: I 2 3 4 B
2. 7660e-10 4
100 ]
= 7]
fhomedul Maxinmum calls: | 100 2]
— -
= 0
Restare to initial values Undo -
B _> ]
=
L (CI2E D] eI (et
o) =
-6
welEnt Al Help Close =
Sy, | Sy Gy
Messages
Fila [~ Reverse v Use standard deviations [ By percent
- | - = 136,801
GMG
L) | O reference| Residuals | e AEEN TR ETE | ra e R | Cancel | keep
et | | TR E S E | el BN TS | ariEl ke | (NI
Ciear | mew | Del | < 4ofa > " Match | 123531 | 503778 |0000438831 | 112642 Save
M SD Fit [sea4] 0 | 210 Ta produced data
Help | T i | Close

As can be seen from the fit XZ (next to the Fit button), this function performs worse for this dataset. A function combining the EMG and GMG Gaussians (EMG+GMG) can be also tested. The
corresponding Fit module will present extra fields:
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US-30m0O: SAXS Hplc: Gaussian Fit

[ Fix Gaussian centers: [~ % variaion| 5 [ From initial value
I Fix Gaussian widths ™ 3% variation | 5 [ From initial value
™ Fix Gaussian amplitudes ™ % variation | 5 [ From initial value
™ Fix distortion 1 [ sS4 variation | 5 [ From initial value
™ Fix distortion 2 [ % variation | 5 [ From initial value
¥ Commaon distortion 1 ¥ Commaon distartion 2

Fix Gaussians: N [ Z 3 [ 4
Z.79554e-10
100

Maximum calls: | 100

Wgjee)
Ziiio]s]

Help ‘ Close ‘

Festone o inhel valves

see here for a complete description description of the Fit module. In addition, we will also restrict the fitting region, to help improve the fitting. The results of this EMG+GMG fitting are shown below:

s US-50MO: SAXS HPLC ¥ & &
Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. 118231833, 2013)

Data files

[ Lock homedultrascan/HPLC_SAKS/Aldolase_25_11_S0MOVI_t_sd3/Baseline 9_0903_:
AuliilEs ifriilar EfCEntratimne REMuyEes ]
aldo_pHYpa_Elution1_0022__It_gq0_00&62862-hld_54486e-09-1_53165365e-05s i‘ 0'00025_:
aldo_pHTpS_Elution1_002Z__It_q0_00G85768-bl1_5025796e-09-1_4897117e-05s 00002 3
aldo_pH7pS_Elution1_0022__It_q0_00742915-bl4_07EE788e-10-1_2117645e-05s = ]
aldo_pH7pS5_Elution1_0022__|t_gq0_00&00062-b-1_4330282e-058-1_2600266e-055 =, 000015 E
aldo_pHYpa_Elution?1_0022__It_q0_00857209-kbl-2_2306952e-08-1_3029512e-03% E ' h
aldo_pH7pS_Elution1_002Z__It_q0_00914356-bl-1_§944459e-03-1_0592503e-05s = Loom 1
aldo_pH7pS_Elution1_0022__It_q0_00371504-bl-1_5293603e-03-1_0151538e-05s ]
alr: It go ot x 9 Sa-[15
aldo_pHTpS_Elution1_002Z__It_q0_010858-hl-2_305814e-05-8_6130226e-0635 .
alddn nH7nE Ehdinnt 00?2 1t a0 O11APA5_hI_? AARAAS1a NA_-7 A7A?NA7a_NEc ﬂ D_‘
1 07403 files selected =
20 e e A i e e =i
[HEElEE: | SR EhALE | S e T | e | 0| i ¢ - - =
i P S el R .
Concentration load | e ek SEL | [N ETE AT
4

Produced Data
shomesultrascandHPLC _SAXS A dolase_25_11_SOMOYI_t_sd3/Baseline/produced

ra

delta I{t)fsd
=
I I I O N Y T O I

-2
-4
0 of 0 files selected _F
FalziE]| | (e | = milEr | HETTEYE | FEda EE | Sl |
i i |
Fils [~ Reverse v Use standard deviations [ By percent
- | > 5516391
EMG+GMG
ol CeEE et e eree) D Resiauals | [EE AR et e e e cancel | Keep

E= i e | G| R R e A e | Ealz Azl | Al ke | EIIET

Clear | Mew | el || = {1ora| > " Match [ 563538 | 4361 [p1159-05 [ 927221 [ 151627 | Sawe
[ o

Help | Optone | Close

As can be seen, there is a substantial improvement, mainly due to the exclusion of the small bump before the first peak. We will then proceed with this set, first by doing Global Gaussians on a subset:

. US-50MO: SAXS HPLC : Seleck curves RIS
US-SOMO: SAXS HPLC : Select curves
Complete list of data files Selected data files
1 aldn_pH?pS_Elutium_Duzz_lt_qn_u052852-b|8_544859-09-1_j 4 aldo_pH7pS5_Elution1_002Z__It_q0_00800062-hl-1_4330222e-C~
2 o aldo_pH7p5_Elution1_002Z__It_g0_006857658-h11_5025796e-08 g aldo_pH7p5_Elution1_002Z__I_g0_0102365-hl-2_4366762e-08
3 aldo_pH7pS_Elution1_0022__It_g0_00742515-hld_07E6758e-110 12 : aldo_pH7p5_Elution1_0022__It_g0_0125724-hl-1_75z2467e-0
4 - aldo_pH7pS5_Elution1_0022__It_g0_00G0006 2-hl-1_ ) 16 : aldo_pH7p5_Elution1_0022__It_g0_0148583-hl-1_2338637e-C
5 : aldo_pH7p5_Elution1_0022__It_g0_00857209-hl-2_7906982e-C |20 : aldo_pH7p5_Elution1_0022__It_g0_0171441-hl-1_4883338e-C
B aldo_pH7p5_Elution1_002Z__I1t_g0_00914356-h1-1_5944459e-C 24 aldo_pH7pS_Elution1_00Z22__It_nq0_01943-hl-1_7042909e-03-
7 oaldo_pH7pS_ElutionT _002Z__It_g0_00971504-hl-1_52933603e-C 26 aldo_pH7pS_Elution1_0022__It_n0_021715359-hl-9_B753565e-C
fi - aldo_pHFpS_Elution1_0022__It_g0_0102 ¥ i |32 : aldo_pH7p5_Elution1_0022__It_g0_0240017-bl-1_5642768-0E
9 : aldo_pH7p5_Elution1_0022__It_g0_010856-hl-2_505814e-08-8 |36 : aldo_pH7p5_Elution1_0022__It_g0_0262876-hl-1_1439196e-C
1 calda nH7RE Flotinn1 ONO27 It al N11A7A5_hI_7> ,!1)117-{)1)1'-'\.10_Fv AN - alda nH7RE Flotinn1 ONO27 It all NFRETFRA_KI_O F:ECI’?’?R'—T:._I"
i i ST ] il

50 of 409 selected
Select every Nth

Select every Nth:
Starting curve offset: 4 aldo_pH7p5 Elution1 0022 |t g0 DOS0006Z-hI-1_433022%e-08-1 ZB00ZERe-05s
Ending curve offset: z01 aldo_pH7ps_Elution1 0022 It g0_120563-bl-z_87z0905e-10--3_9417693e-075

Selech Additionelly

Mame contains:

Select Only | select Szl

Help | Gt | Transfer selections to main window

and then proceeding with Global fit.
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K L US-50MO: SAXS HPLC ) &) X

Data files

[~ Lock Shomedultrascan/HPLC_SaxXSidldolase_25_11_S0MO/_t_sd3Baseline 0.0003
Eiles ikl EOHEERiratinme FET e B2

aldo_pH7p5_Elution1_0022_It_q0_0062662-hl5_5446e-09-1_561 6896e-053 i‘ 0.00025
aldo_pH7pS_Elution]_0022__It_q0_00655768-b1_5025796e-09-1_45897117e-053 .
aldo_pH7pS_Elution1_0022__It_q0_00742915-bl4_07AE786e-10-1_2117645e-05s =

_pH7pS_Elutiond _0 _| IE-'IJ 0oo1a
aldo_pH7pS_Elution1 _0022__|t_g0_00857209-bl-2_2906952e-058-1_3029512e-05s = '
aldo_pH7pS_Elution]_0022__It_q0_00914:356-bl-1_8944459e-058-1_0592503e-053 = ooom
aldo_pH7pS_Elution1_0022__It_g0_00971504-hl-1_5299603e-08-1_0161538e-05s
aldo_pH7p5_Elution1_00 l-2 5 Sa-05
aldo_pH7pS_Elution1_0022__It_gq0_010835-hl-2_503614e-08-8_6190226e-063
aliln. nH7RE Fhdinnl 007> It f0 N11AZ95_hI-? AARAAET1 o NR-7 R7APOATa_NRs ﬂ 0

50 of 4049 files selected
el | el isel | Al e | IR | li Gl | et | B |I— Etr Rescale
Wpthizize Bverage | T G i |l
i) | T | E4 L) (i EREN iy | aEEi | Il ERER Ty
10
Concentration load | BFEHEHR = | Elzifzin oy

cn

Produced Data
fhomesultrascan/HPLC _SAXS/aldolase_25_11_SOMO/_t_sd3/Baseline/produced

delta I{t)/sd
=

-5
D Dfuﬂles SEIECtEd -10 T I T T T T I T T T T I T T T T I ---- T T I 1
selent el | FitET | il | FEmHLE SALE (S | EaLE | i} 50 100 150 200
S0 STl [~ Reverse [ Use standard deviations [~ By percent ¥ Group
= [
File Global Gaussians
I & aRalyErs sUmmary: ﬂ L | ORI reference| Residuals | Show Corkap | e e | Global fit by g | Cancel | Keep

G0.0% P == 0.01 @2.0% P == 0.03) + (18.0% 0.03 = P == 0.01) pairs ; : ; o
40.0% 0.01 > P pairs =l Pt e | e b e E e e | e BTl BT | djriEl ke | LEHIIIET

P walue analysis summary: [~ Scroll ¥ P ==0.05 ¥ 0.05>F==001 W F=0.01 Make result curves | To produced data
60.0% P == 0.01 {42.0% P == 0.03) + (18.0% 0.03 = P == 0.01) pairs < laofal = || 136,169 | B 22092 | g 79407 | 155032 Save
40.0% 0.01 =P pairs . _ _ .

jp 80 [ Eqwidh [ Eqdistl v Eqdiste | diokal Fit [[Fecompute iz sacs R

Help | B Close |

Here, already by looking at the Residuals, the fit appears to be improved, and the apparently larger residuals especially around the main peak are due to the very low SD associated with the data,
amplifying the discrepancies. The goodness of the fit can be further checked by first resticting again the fit limits, then recomputing the residuals by pressing Recompute nChi”2, and subsequentely
pressing Global fit by q:

A US-50MO; SAXS HPLC & &) &
Developed by Emre Brookes, Javier Pérez, Patrice Yachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)

Data files
fhomefultrascan/HPLC_SAXS/Aldolase_25_ 11_SOMO/_t_sd3/Baseline
i ilEs iiilzir O CERtAEHE HEGRE I ES
aldo_pH7pS_Elution1_0022__It_q0_0062E62-hl5_S4456e-03-1_5616696e-03s
aldn_pH7pS_Elutinn1_0077__It_qD_N0RRS7EG-bl1_S07579Re-09-1_4897117e-05s
aldo_pH7pS_Elution1_0022__It_gq0_00742915-kl4_0766758e-10-1_2117645e-05s

[T Lock

aldo_pH7pS_Elution1_0022__It_q0_00857209-h1-2_2906952e-08-1_3023512e-053
aldo_pH7pS_Elution1_0022__It_g0_00914356-h1-1_g9444559e-08-1_0892503e-055
aldo_pH7pS_Elution1_0022__it_q0_00971504-h1-1_5299603e-08-1_0161538e-053

aldo_pH7pS_Elution1_0022__It_q0_010858-hl-2_S05614e-08-6_6190226e-06s
aldo_pH7pS_Elution1_0022__It_q0_0114295-hl-2_44644518-08-7_8742047e-063
aldo_pH7pS_Elution1_0022__It_q0_0120008-hl-2_1704043e-08-6_3157616e-063
aldo_pH7pS_Elution1_00z2 06-5 OGS T T
aldo_pH7p5_Elution1_002z__It_q0_D131439-bl-1_z2598e-05-4_3z322658-065 0 50 i 150 200
aldo_pH7pS_Elution1_0022__It_q0_0137153-hl-1_14099528-08-3_60124e-06s Time [a.u.]
aldo_pH7pS_Elution1_0022__It_q0_0142868-h1-1_1960628e-08-3_1071109e-06s

- 10—

50 of 408 files selected

el bl | el el | il Eelb | = | [l | I ej] it ‘ Wajs| |I— Etr Rescale

ermatzzl | EyErane | TG0 B T 5
Ein [ S e T e

Concentration load | Bepeak: el | Bjzir=leiin) ¢

delta I(t)fsd
=

Produced Data
fhomedultrascan/HPLC_SAXS/aldolase_25_11_S0MOY_t_sd3/Baseline/produced

T
1] a0 100 150 200

[ Reverse v Use standard deviations [~ By percent v Group

0.1
2 g
= ool §
3] )
= —
.g 0.001 g
0ot 0 files selected g I
el et | IkEr ‘ il | BEfmae | Faye Gt ‘ Faye | H 0.0001 ?_;
c @
S Shoanly, 1e-05 -
Ellz 1e-06
—T 7T T T T T T —T—
0.0z 0.04 0.06 0.05 0.1 01z
P walue analysis summary: q (1/Angstrom])
90.0% P »= 0.01 (46.0% P >= 0.05) + (44.0% 0.05 > P = 0.01) pairs "
10.0% 0.01 » P pairs ¥ Plot Chir2/RMED [ Plot CarMap P values

< > 50

Glohal Gaussians

i | B e = reference| Residuals | Show Cortdap | ran e B | Global fit by g | Cancel ‘ keep
EnGER G E | el L | arsalEr AralyEE | il rEher o) | LIRS
[ Scrall ¥ F == 005 [V 0.05=PFP==001 W P<001 hake result curves | To produced data
< |40 = | 136.169 \ 6.22092 [ 8.23402 [ -155032 Save
M SD W Eqwidh o Eqdistl v Eqcistz | Giabal Fit | Fecompie nei2)i.5192 R I
Help | L6 ‘ Close

This will bring up an additional plot where the normalized 2 (diamonds connected by a line) and the pairwise CorMap P-values (squares) are plotted as a function of the g-value. In the Global fit by ¢
graph it is possible to visualize either one of or both the two plots, by selecting/deselecting their respective checkboxes positioned just below it (Plot Chi*2/RMSD and Plot CorMap P values). Note that
in the image above, where both plots are shown, their respective y-axis scales have been manually modified to allow a better visualization of each plot. The dashed green and yellow horizontal lines
mark the usual cut-off P-values (P > 0.05, above the green line; 0.05 > P > 0.01 between the green and yellow lines; P < 0.01, below the yellow line).

The correlation between the goodness-of-fit indicators and the distribution of the residuals can be examined for each original/fit /(¢ vs. ¢ pair by selecting the Scroll checkbox:
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0.00025 —

0.000M

ae-03

T T
0 a0 100 150 200

= (=7]

ra

1
2

1
I

delta I(t)/sd
[ )
Lov v v b v by Pvn ol

1
(=]

normalized Chi~2
(ajeoas o)) anpea g

T
0.0z 0.04 0.06
q (1/Angstrom)

[v Plot Chit2/RMSD [+ Plot Cortap P values

= *

aldda_pH7p5_Elution1_0022__It_g0_0240017-hl-1_564276e-068-5_83956161e-07s nChi~2 5.169 P 0.0974
Global Gaussians

dly | ST CERE referenu:e| Residuals ‘ = L S [ | At E B EE | Global fit by g | Cancel ‘ Keep
] Gaeta s | 5l kil EEsETanE | ezl Szl ‘ il ke ‘ IHUTRIEL
[ :Scroll; W P ==10.03 [ 005 =P==001 | P=001 EkErrEsH b CUvES | [ | P =t e
= [4ord = | 136.169 | B.22092 | 5.29402 | -1.55032 GaE

v 50 W Egwidth | Eqdistl W Eq dist2 iglitiEl Eit |F!ecnmpute ] ‘|.5‘|E|S| 50 | 160

The current chromatograms pair is highlighted in both plots by an enlarged symbol (purple square in this case). Scrolling is performed by either using the grey-scale bar-wheel, or by clicking on the the
"<"and ">" buttons placed at its sides. By selecting/deselecting the three checkboxes next to the Scroll checkbox (P >= 0.05, 0.05 > P >= 0.01, P < (0.01), only the subset(s) whose P-values are within
those of the selected chechbox(es) will by scrolled.

Note how here to a relatively "bad" y value (5.169) corresponds a "good" CorMap value (P = 0.0974). This indicates an essentially random residual distribution, while the high ¥ value is mainly due
to the very low SD associated with the data, since the fit appears also to be quite good (top graph).

Conversely, if we examine a g-value where the %2 is better (3.257) but the P-value is bad (0.0015), we can see by zooming on the inflexition between the 31 gnd 4th peaks that the latter is mainly due to
a stretch of /(¢) experimental values (salmon diamonds) sligthly below the EMG+GMG fit curve:
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After accepting the Global Fit, the EMG+GMG Gaussians are then propagated to all chromatogram by first selecting all chromatograms amd then pressing Global Gaussians:
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where the goodness of the reconstruction can be appreciated in both the Reduced Residuals and the Global fit by g plots.

Save and Keep can then be sequentially pressed to store and accept the global Gaussian results. After non-symmetrical Gaussian decomposition, the Trial make I(g) procedure can be launched to

further test the results, as described in the main Help pages.
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SOMO HPLC-SAXS Module SVD Utility:

Last updated: April 2016

This utlity was developed to perform single-value decomposition (SVD; e.g., Williamson et al., Biophys J. 94, 4906-4923, 2008) on a set of /(g) vs. g data, which can come from a
HPLC-SAXS experiment, or from any other SAS type of data, like a concentration series.

A single SAS experimental dataset is typically represented as /(g), where g is a grid of points. A sequence of n I(g);;) on the same g-grid can be assembled into a m * n matrix
I= 1] = [I(@y1)> 1(@)1(2)> > 1(@)yn)]- Each column of I contains an /(g) curve for a specific 7 and each row contains an (?) curve for a specific g. If standard deviations of the
experimental data are available, these can be analogously placed in a matrix S. If a synchronized concentration dataset C(?) is available, it can be added to 7 as an additional row.

In a SVD analysis, if I is the matrix containing the original data, then:
1=UsyT

where U is an orthogonal m X m matrix, § is a diagonal m x n matrix, and VT is an orthogonal n x n matrix. The elements of the diagonal of S are the singular values.
Reconstructing an approximation of the matrix I proceeds by setting some diagonal elements of § to zero, forming S’ and performing the multiplication

I=usvTt
SVD can be performed either on the original or on the baseline-subtracted I(q) vs. q data or subset of data (if significant baseline drift occurs, the SVD will try to fit also that part of

the signal).

After selecting the data, pressing the S¥D button in the HPLC-SAXS module will open a new window:

US-50MO: S5AXS HPLC 5VD 1Ol x|

Source |
B-Original data

gl

&- I{t)

@ HFLEwivd o

Rep|oE

Process

SLop.

Singular value list:

Intensity [a.u.] (log scale)

Flal Ss SHVEISYE:
In@ivd e IS D Eca

Flot RM5Ds

Messages

Eile

Making I{t) for source Criginal data
Done making I(t) for source Criginal data

0.05 0.1 0.15
q [1/Angstrom]

- __1

The top left box labelled Data files will contain a list of the data set in an expandable format. The first set will be labelled "Original data". Opening the item will show its contents,
"I(q)" and "I(t)", which can be further expanded to show/select the individual curves in the data set.

Replot will become active when a selection is changed from what is currently plotted; pressing it will refresh the plot display. For example, selecting "Original data" at the top level
and pressing Replot will plot the entire dataset, but only in the "I(q)" or "I(t)" mode.

TO HPLC window will transfer the selected dataset back to the HPLC-SAXS module main window.
Show I(t) or Show I(q) toggle button below the plot window will show the 1(?) vs. ¢ or I(q) vs. g view of the data and automatically replot.
Color will rotate the plot colors based upon a pre-defined palette.

When a single data set or sub-selection of individual /(g) curves from a single dataset are selected and the plot window is in "I(q)" mode, the Compute SVD button in the Process
box becomes active.
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Pressing Compute SVD will compute the singular value decomposition (Lawson & Hanson, Solving least squares problems. SIAM, Philadelphia, 1995). The singular values (SVs)
will be sorted in descending order and placed on the screen in the Singular value list window.

Plot SVs will plot the SVs in the plot area, by default in a linear vs. log scale (see above).
The axes scales can be toggled between logarithmic and linear by pressing the X or ¥ buttons below the plot window.
Save SVs will save the SVs to a file. Giving the filename a ".csv" extension will result in a comma separated output, otherwise, the output will be "TAB" separated.

Selecting any set of SVs in the Singular value list by clicking on it will activate three more buttons: TSVD reconstruction, Individual TSVD recon., and Incremental TSVD
recon..

US-50MO: S5AXS HPLC SVD -0l x|

Source
B Original data

& It)
H- TSVD Inc. reconstruction 1 SVs 8476.76
- TSVD Inc. reconstruction 2 SVs
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H- TSVD Inc. reconstruction 4 5Vs
H- TSVD Inc. reconstruction 5 5Vs
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31.0813 22.8267 17.4316 13.3664 9.99744 o 2 i
30.9893 22.4693 17.4138 13.2481 9.9587 @ b
30.8034 22.3793 17.2087 13.1877 9.86973 LI E 7
= p-
m 4
= .
] 4
= 2
Messages -
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Done making I(t) for source TSVD Inc. reconstruction 3 5Vs 0 2e+04 de+04 fe+04 B8e+04 1e+05 1.2e+05
Making I{t) for source TSWVD Inc. reconstruction 4 SWs
Done making Iit) for source TSYD Inc. reconstruction 4 SVs ¥ Residuals ¥ Use SDs [ By percent
Making I(t) for source TSVD Inc. reconstruction 5 5Vs ™ Reverse [ Reference r Group

Done making I{t) for source TSVYD Inc. reconstruction 5 5Vs
Done TSVD reconstruction -

TSVD reconstruction will generate a new dataset in the Data files section consisting of the reconstruction of the data based upon the selected SVs. "TSVD" means a truncated SVD
reconstruction (Aster et al., Parameter Estimation and Inverse Problems. Elsevier Academic Press, 2005), which formally should be computed on the numerically highest SVs, but
here we are using the term loosely, to mean reconstruction on any subset of the SVs. The resulting dataset can be selected, expanded and/or plotted identically to the original data.
Expanding the TSVD data will show "I(q)", "I(t)", "SVs used" expandable subsections and also the root mean squared deviation over the number of points (RMSD) of the expansion
and the name of the reference dataset for the reconstruction.

Individual TSVD recon. will take the selected SVs and produce a TSVD reconstruction for each value selected individually, resulting in multiple TSVD reconstructions in the Dat:
files section.

Page 55 of 69



Incremental TSVD recon. will take the selected singular values and produce a TSVD reconstruction for the first value selected, then for the first and second values selected, etc.,
until all the selected values are included in a reconstruction, again resulting in multiple reconstructions in the Data files section, as in the example shown above. Note that the
display has been swithced to the "I(t)" mode, where the goodness of the reconstruction can be better appreciated than in the "I(q)" mode.

When Individual TSVD recon. or Incremental TSVD recon. are selected, the residuals checkbox under the plot appears. Selecting this checkbox will plot the residuals of the
reconstruction vs. the reference dataset in a new plot area below the main plot area. When residuals are displayed, additional checkboxes will be available under the plot. These
include:

e Use SDs, which turns on division of the residuals by the SD of the reference dataset and will not be available for data without SDs (as in the example shown above). Note that
in the default mode, the residuals are displayed in a linear contiguous manner for each original dataset;

e By percent, which displays the differences by percent;
e Reverse which reverses the Y-axis around zero;
e Reference, which toggles on/off the display of the reference data in the main plot window;

e Group, which toggles grouping of the residuals between the linearly contiguous manner and superimposed (as shown below).

delta 11(t)/sd

(=]
N N (NN N NN (IR (T BT I

W Residuals ¥ Use SDs [ By percent
™ Reverse " Reference ¥ Group

Once an individual or incremental reconstruction is computed, two more buttons activate:

Plot RMSDs and Save RMSDs, allowing plotting and saving analogous to the Plot SVs and Save SVs mentioned previously.
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As mentioned above, any reconstructed dataset can then be added to the US-SOMO/HPLC-SAXS module by selecting and pressing the To HPLC window button. Note only the
"I(q)" or "I(t)" data will be added depending on the plot mode.

As an example, suppose one wants to determine the number of components present in a set of /(g) vs. g curves. After bringing them into the SVD module as described above, the
SVD can be then computed. By looking at the SVs plot, one can evaluate that at most N singular values seem reasonable to reconstruct the dataset. One would then select the
numerically largest N values in the SV list and run an incremental reconstruction. Subsequently, each reconstructed dataset could be compared by RMSD and visually to determine
the effect of adding additional singular values to the reconstruction to assist the determination of the minimum number of singular values required to accurately reconstruct the
original data. Another check would be to run the individual reconstruction on the same set of selected singular values and inspecting the individual datasets visually (preferable via
I(t) plots) to see if there seems to be signal present in reconstructions past a minimum number of singular values. In this way, the US-SOMO/HPLC/SVD module can be used to
approximate the number of independent components present in a HPLC experimental dataset or even a concentration series.
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SOMO HPLC-SAXS Module Options Panel

Last updated: May 2016

AL US-S0MO: SAXS HPLC : Options 2 ) (&) X

US-SOMO: SAXKS HPLC : Options
Baseline removal
¢ Linear baseline remowal

& |ntegral of |{t] baseline removal
Smoothing: K]

tMaximum iterations: 5

Epsilon early termination limit:

Global Corbap Analysis maximum g [A™-1]: 0.05

Global Corbap Analysis alpha: 0.01
Gaussian Mode

&+ Standard Gaussians

GG (Hal-Gaussian modified Gaussian)
 EMG [(Exponentially modified Gaussian)
 EMG+GMG

[ Save CSY transposed
I(t) negative integral check window : 25
I On hake |(t), discard I(t] with no signal above std. dew. multiplied by: 3

I Limit Guinier kMaximum g*Rg 1.2
H 1
H -2.085
s 3 0 0.z
Help Bt Dk

The first set of options deals with baseline removal tools. By default, the US-SOMO HPLC-SAXS module will utilize an Integral of I(t) baseline removal tool. The method is based upon the
assumption that capillary fouling deposits are formed in proportion to the sample intensity while exposed to the beam (and that the buffer is not responsible). We have developed a mathematical model
of this condition and implemented it as the integral baseline procedure.

This is an iterative procedure and the numberof steps can be set in the Maximum iterations: field (default: 5 iterations). The program will generate a baseline at each iterative step, which will be showed
when testing the results.

As part of this procedure, the epsilon value corresponds to the intensity fouling deposits constant and an early termination criteria can be defined here which will stop the iterative procedure when the
difference in epsilon between iterations is less than or equal to the epsilon early termination limit field (default: none).

The Smoothing field controls the size of a Gaussian smoothing kernel of 2n+1 points (default: n=3) that will be applied to each /() chromatogram prior to Integral Baseline computation, to avoid large
oscillations especially at low ¢ values which might cause problems. The Integral Baseline is nevertheless applied to the original /() chromatograms, not to the smoothed data!

The Global CorMap Analysis maximum q [A”-1] field defines the upper ¢ value limit (default: 0.05 A-1) for the CorMap analysis of datasets (see here).

For special needs or very minor baseline correction requirements, the original linear baseline implementation (Brookes et al., J. App. Cryst. 46:1823-1833, 2013) is available by selecting the Linear
baseline removal checkbox. A description of the linear baseline removal tool can be found here)

The next set of options deals with the Gaussian mode. Four alternative checkboxes are available:
o Standard Gaussian. This will generate symmetrical Gaussians (default option).

o GMG (Half-Gaussian modified Gaussian). This will generate skewed Gaussians according to this equation:.
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where a, a;, a,, and a3 are the area, center, width, and distorsion, respectively, of the half-Gaussian modified Gaussian(s).

o EMC (Exponentially modified Gaussian). This will generate skewed Gaussians according to this equation:.
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where a, a;, a,, and aj are the area, center, width, and distorsion, respectively, of the exponentially modified Gaussian(s).

o EMG+GMG. This will generate skewed Gaussians according to this equation:.
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where ay), a;, a, a3, and ay are the area, center, width, distorsion 1, and distorsion 2, respectively, of the exponentially + half-Gaussian modified Gaussian(s).
The Maximum absolute value of EMG and GMG distortions: field sets limits to the distortions to avoid unreasonably skewed Gaussians (default: 50).
The Clear cached Gaussian values button allows to clear all Gaussian data produced during the current session.
In the Miscellaneous options section there is the option of saving the *.csv files in transposed format, by selecting the Save CSV transposed checkbox.
It is followed by the I(2) negative integral check window field, where the sliding window size for the negative integral test can be set (default: 25). As described previously, this is the size of a sliding

window over adjacent frames. If the sum of /(¢) values within the window is less than the negative of sum of the corresponding SD values, the (¢) curve will be identified and a warning will be issued.
Such regions can be indicative of not optimal buffer subtraction, and might cause problems with the integral baseline correction.
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The next line contains the checkbox for the On Make I(1), discard I(t) with no signal above std. dev. multiplied by: and its associated field (default: checked with 3 as the multiplier value). This tests
whether or not there is any point in the /(f) curve where the 1(¢) value is greater than the SD of the point of /(¢) multiplied by the value in this field. If the test fails, the I(¢) curve is assumed to contain no
signal and is dropped. A Warning message appears in an appropriate pop-up messagebox listing the first 20 occurences and how many more were found.

The Limit Guinier Maximum ¢*Rg allows to set this limit to a specified value (default: 1.1) when performing the linear regression in the Guinier analysis to calculate the R, and /(0) from the /(g) vs ¢
datasets in the Test I(q) module (see the corresponding section in the main Help).

Finally, the last three fields allow modifying the constants for the approximate calculation of the molecular weight as described by Rambo and Tainer (Accurate assesment of mass, models and
resolution by small-angle scattering. Nature 496:477-481, 2013). The first two fields contain the constants MW/[RT]k (default: 1) and MW[RT]c (default: -2.095), which are the linear fit power law

constants as described in eq. (2) of the aforementioned reference and whose default values are taken from Fig. 3, where they were reported for (g) vs. ¢ data limited to ¢ = 0.3 A-!. The third field
contains the actual g,,,,, cut-off value to which the available /(g) vs. g data will be limited (default: 0.2 A™1). The constants default values are for globular proteins, and the cut-off value was found
empirically to provide better results. If any of these values is changed, a warning will pop-up:

The W calculations by the Rambo & Tainer method [Mature 496:477-81] appear to
provide consistent results for proteins when using the default values for k, © and gmasx.
See the Options Help for further details.

)8 | Do not show this warning againl

If the values are not reverted to the default values, this pop-up will keep showing up during the current US-SOMO session every time a molecular weight calculation with the Rambo-Tainer approach is
performed, unless the Do not show this warning again button is pressed, avoiding the nuisance when using different values for different kind of biomacromolecules (e.g., RNA) or for testing purposes.
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SOMO HPLC-SAXS Module Make I(q):

Last updated: January 2018

& US-SOMO: SAXS HPLC : Make 1{q) 4 [l

US-SOMO: SAXS HPLC : Make I(q)

Create sum of peaks curves
V| Add 5D computed %-wise from the difference between the sum of Gaussians and the original 1{q)
If zeros are produced when computing SDs: v| Average adjacent SDs Set to 0.1 % of peak's |{q)

v| Average and normalize resulting [{q) curves by Gaussian, using top % of max. intensity | 5

Do you want to set the concentration file Gaussians centers, widths and skewness to the SAXS-optimized values,
¥ | adjusting the amplitudes and keeping the areas constant?

This implies that all the species that were defined as Gaussians contributing to the SAXS signal also contribute to the concentration signal.

Howewer, the apparent average mass for each peak should be a closer approximation to the real value when significant band broadening occurs
between the concentration and the SAXS detectors.

¥/ |0 standard experimental value (a.u.) : ’ 5.4E-5 I
Concentrations will be computed and will be written along with PSVs to the output I{q) curves
Gaussian Extinction coefficient (ml mg™-1 cm™-1) Partial specific volume (ml/g)
1| 0.66 | 0.733 |
2 | 0.66 | 0.733 |
3 | 0.66 | 0.733 |
4 | 0.66 | 0.733 |
Duplicate Gaussian 1 values globally
Help Quit Male I({q) without Gaussians Continue

This pop-up panel will appear when the Make I(q) button is pressed in the main HPLC-SAXS module.
Three main options are present in this panel:

e The first checkbox Create sum of peak curves allows to check that the individual Gaussian will add back up reconstructing the original I(g) vs. g curves. If checked, their
point-wise sum can also be saved, as either sum(I) (reconstructed values) and sum(G) (pure Gaussians) curves. If baselines were established and subtracted, two sums will be
produced, without and with baseline back-addition (default: unchecked). If the integral baseline procedure was employed, the back-addition will work properly only if the
exact integration limits are still present, e.g., if no cropping operation was performed after the baseline correction. For this reason, a Warning message is printed below this
checkbox.

o Add SD computed %-wise from the difference between the sum of Gaussians and original I(q) . In all cases, the original errors associated with each I(g) vs. ¢ point in each
frame will assigned to each point in the resulting decomposed /(g) vs. g curves for each frame. Alternatively, if this checkbox is checked a new set of additional errors are
computed by point-wise calculating the difference between the sum of the Gaussians and the original, baseline-corrected curve. These additional SDs are then assigned %-wise
to each point in the decomposed /(g) vs. ¢ curves, and the new total SDs are calculated at each point by taking the square root of the sum of the square of the original SD plus
the square of the Gaussian-derived SD (default: checked).

If in computing the SD of the /() data zeros are produced, an additional line will be present in this panel, as shown above.

The extra line reads If zeros are produced when computing SDs. and then offers two options:
o Average adjacent SDs. An average between the SD of the previous and following datapoints will be made and assigned to the data point in question ( default option).
e Set to 0.1% of peak's I(g) . The corresponding /(g) points will have 0.1% SD.

The third option was recently added (January 2018):

e The checkbox Average and normalize resulting I(q) curves by Gaussian, using top % of max. intensity"” , allow to automatically select a number of frames whose intensity (as
defined by the associated Gaussian) is within a % value of the top frame intensity, as defined in its associated field (default: unchecked, with 5% as the limiting value). All
frames selected according to this criterion for each Gaussian-defined peak are first normalized (if an associated concentration file is present; see below), and then averaged.
This feature, introduced for the January 2018 release, makes it quite simple to automatically generate averaged datasets after a Gaussian decomposition, without the need to
manually check the resulting chromatograms to decide which frames to include in the averages.

If a concentration chromatogram has been associated to the SAXS data, an additional series of options are presented:

e The first deals with the new concentration chromatogram re-shaping routine. The question asked is Do you want to set the concentration file Gaussian centers, widths and
skewness to the SAXS-optimized values, adjusting the amplitudes and keeping the areas constant?
A series of considerations and warnings follow. The first states that using this procedure implies that all species that were defined as Gaussians contributing to the SAXS signal
also contribute to the concentration signal. If this condition is not met, e.g., when a non-absorbing component is present and a spectrophotometric concentration detector is
used, appling this correction can lead to serious mistakes.
In red then comes a warning: Be aware that this option will result in an apparent mass artificially approximately constant along each of the deconvoluted Gaussian peaks,
reflecting just the oscillations in the original SAXS data.
However, the apparent average mass for each peak should be a closer approximation to the real value when significant band broadening occurs between the concentration and
the SAXS detectors.

o [0 standard experimental value (a.u.): . A normalization factor from a standard sample to be associated with the data can be also entered here. If this checkbox is checked, its
value will be associated in each resulting /(g) vs. g curve (default: unchecked).

¢ Finally, a calculated concentration can be associated to each of the resulting /(g) vs. g curves. This is done by entering an extinction coefficient (or a dn/dc) for each Gaussian.
In addition, a partial specific volume (psv) value, needed for the computation of the <M>,,, <M/L>,, ., and <M/A>,,,, by Guinier analysis in the main US-SOMO SAS module
can be also entered here. The module will present as many fields as the Gaussians used to decomposed the data. If all the Gaussians represent a species with the same extinctior
coefficient (or dn/dc) and psv, the values need to be entered only once in the 1st Gaussian fields, and then they can be propagated to all the other fields by pressing the
Duplicate Gaussian 1 values globally button. The concentration value will be used either by the automatic frames-to-be-averaged selector described above, or when the
Normalize button in the main HPLC-SAXS module is pressed after dataset selection.
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It is also possible to back-generate an /(g) vs. g set without using the Gaussian decomposition by pressing the Make I(q) without Gaussians button.

For normal operation, once all fields/checkboxes have been properly set, pressing Continue will return to the main HPLC-SAXS window and start the make /(g) process.
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SOMO HPLC-SAXS Module Concentration Detector Selection:

Last updated: October 2013

US-SOMO: SAXS HPLC : Concentratio 2101 x|

US-SOMO: SAXS HPLC : Concentration Detector

Detector type :
0.001
[T RI Calibration constant : 0
Help Quit | Save | Keep |

This utlity will allow to select the type of detector and to enter its calibration constant. Two types of concentration detector are currently supported, UV and refractive index. The
used detector can be selected by clicking on either of the two Detector type: checkboxes and entering the calibration constant converting their signal in the proper units (absorbance
or dn/dc) in the fields to their right:

UV Calibration constant:
RI Calibration constant:
Quit will abort the operation.

Save will permanently associate the type of detector to the HPLC-SAXS module (it can be changed by re-accessing the Concentration detector module and chosing again,
followed by Save).

Keep will temporarily associate the type of detector to the HPLC-SAXS module.
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SOMO HPLC-SAXS Module Files Selection Utility:

Last updated: April 2016

AL US-SOMO: SAXS HPLC : Seleck curves & ) &
US-30MO: SAXS HPLC : Select curves
Complete list of data files Selected data files
2 Ee— = 0379855 8:BSA_20_HPLC_ It_q0_007813-hi26_5654-0_0037985s ﬂ
—I1z : BSA_20_HPLC__It_q0_00&82113-hi16_1331-0_002389773

9:B3A_Z0_HPLC__It_g0_00806503-hi23_86725-0_005345553
10 : BSA_Z0_HPLC__It_g0_00831706-hiZ1_2537-0_0031577ds
11 :BSA_Z0_HPLC__It_g0_00856303-bi17_523-0_0025705s

16 BSA_20_HPLC__It_g0_00982325-hiG_33404-0_00123447s
20 BSA_20_HPLC__It_g0_0108374-hi10_0533-0_001562045
24 BS5A_20_HPLC__It_g0_0118455-hi7_36646-0_00130594s
26 BSA_20_HPLC__It_g0_0128536-hi6_Z0004-0_00101216s
32 BS5A_20_HPLC__It_g0_0138618-hi2_35072-0_000351695s

13 :BSA_Z0_HPLC__It_g0_00307316-hi16_2582-0_00246555s

14 : BSA_20_HPLC_ It_g0_00332519-hi11_3586-0_00177885s _
15 : BSA_20_HPLC__It_g0_D0857722-hi10_7356-0_00161486s 36 - BSA_20_HPLC__It g0_M48633-hiz_37875-0_000433328s
- ' BSA_20_HPLC__It_q0_015878-hi3_02556-0_00051 76565

6 : hi_35404-0_01 75 [ “
I I )1/] cRea 0 HPLT It MERRRI-KiIT [ARR-N nnn':\?ﬂfﬂ'?ﬂol |
4 » 4 » |

Select every Nth:
Starting curve offset: BSA 20 HPLC It g0 007813-hiZ6_S5E654-0 00379855

Ending curve offset: BSA 20 HPLC It g0 120202-hi-0_5861392-0s

il |ean Ol [ seleeh Auditiomnally |

Select by name

Zelect Cnly | seleeh Auditiomnally |

Help | Guit | Transfer selections to main window |

This utility was implemented to perform efficient sub-selections on already uploaded files.

For instance, in the example shown 1 every 4 files were selected, starting from file 8 and ending at file 454. This was attained using the Select every Nth subpanel. First, "4" was
entered in the Select every Nth field, "8" in the Starting curve offset field, and "454" in the Ending curve offset field (those are the files listing numbers, as shown before every
filename in the top-left panel; the names of the files selected with the Starting and Ending curve offsets are shown to the right side of each field). The selection is done by either
pressing Select Only, or the Select Additionally buttons (the latter will accumulate the new selections to anything previously selected in the top-right panel).

Once the selection is operated, the selected files will be highlighted in the top-side left panel, and will be listed in the right panel. The selection is then carried out to the main
HPLC-SAXS window by pressing the Transfer selections to main window button.

A similar procedure operates in the Select by name subpanel.
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SOMO HPLC-SAXS Module 3D Plot Options Panel:
Last updated: October 2013

U5-50MO: SAXS HPLC : Plot 3D 7|00 x|

US-SOMO: SAXS HPLC : Plot 3D

Include Gausslans 2 W 3

Help | Quit | Plot all | Plot selected

This pop-up panel will appear when the 3D Plot button is pressed.

The Include Gaussians: checkboxes, whose number is automatically determined by the number of Gaussians used in the HPLC-SAXS Gaussian analysis, allow to decide which
Gaussians are to be included in the 3D visualization.

Plot all will show all Gaussians, irrespective of what has been selected in the checkboxes above.

Plot selected will instead plot only the selected Gaussians.
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SOMO HPLC-SAXS Module Gaussian Fit:

Last updated: May 2014

., US-SOMO: SAXSHplo: Gaussian Fit 2 X

WA el
et

DR : SA

i Fix Gaussian centers; I S variaton| 5 [ From initial value
[T Fix Gaussian widths [T % variation| & [ From initial value
[T Fix Gaussian amplitudes [ % variation| 5 [ From initial value
Fix Gaussians: 1 2 I 3 I 4
Epsilon: 0.000181364

Iterations: 100

Maximum calls: 100

Hestone o nitalvalles HrdE |
LA | G5 50 | G5 [H | G5 CGE |
Zirin]o] |

Help Close |

This pop-up panel will appear when the Fit¢ button is pressed in the main HPLC-SAXS module. The panel shown above refers to operations with symmetrical, non-distorted
Gaussians. If distorted Gaussians are used, the panel will contain additional fields/checkboxes, as shown below for the EMG+GMG function:

US-50OMO: SAXS Hple: Gaussian Fit

I Fix Gaussian centers: I~ S variation [ 5 [~ From initial value
[ Fix Gaussian widths [T %t wvaration| & [ Frominitial value
[ Fix Gaussian amplitudes [ % variation| 5 [ From initial value
[T Fix distortion 1 [T %tvariation| 5 [ Frominitial value
[ Fix distortion 2 [ & variation 5 [ From initial value
¥ Commaon distortion 1 ¥ Common distortion 2

Fix Gaussians: 1 rz 3 4
Epsilon: 2.79554e-10

Iterations: 100

Maximum calls: 10a

pjele) |

Bestaree nibElalies

Help | Close |

The first three lines in the Fit panel control the centers, widths, and amplitudes of the Gaussians. For each of these parameters, it is possible to fix them to the initial values
(checkboxes on the left side), or to allow a % variation (default: 5%) from either the initial values (if the rightmost checkboxes are selected) or based on each cycle of iterations-
generated values.

Importantly, since for the most common situation of different aggregation states of similar species eluting from the HPLC column one can safely assume that each peak will present ¢
similar distorsion, by default the Fit module will present one or two (depending on the type of distorted Gaussian function) extra checkboxes called Common distorsion #, already
selected. They can be deselected to test the effect of allowing different distorsions for every Gaussian peak. Notice that when you have fixed gaussian(s) and you have Common
distortion set, the distortions will only be common to the non-fixed curves.

It is possible to also individually fix each Gaussian by selecting the corresponding checkbox on the Fix Gaussians line; the program will automatically present as many checkboxes
as are the input Gaussians.

The Epsilon field controls the step used in computing the discrete derivative, gradient or Jacobian.
In the Iterations field the number of iterations/cycle is set (default: 100).
The Maximum calls controls the attempts to improve at each stage of the minimization.

Several fitting algorithms are available through dedicated buttons: Levenberg-Marquardt (LM), Gradient Search Steepest Descent (GS-SD), Gradient Search Inverse Hessian (GS-
IH), and Gradient Search Conjugate Gradient (GS-CG). When initially fitting a single chromatogram, normally a first iteration cycle is performed with the centers fixed, and then a
second is sufficient with no constraint or with a restraint on the peak centers from initial values (default 5%) to find a good set of Gaussians.

The resulting Gaussians are updated in the graphics window, and their sum is shown as a dashed yellow line, so that the goodness of the fit can also be graphically assessed. The
RMSD of the fit is also updated continuously in its main panel field.

The Restore to initial values and Undo buttons are available to restart the fit procedure from the beginning, or to undo the last operation, respectively.

Close will close the Fit window when a satisfactory fit is obtained
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SOMO HPLC-SAXS Module linear baseline tool:

Last updated: December 2017

NOTICE: the HPLC-SAXS module is being developed by E. Brookes, J. Perez, P. Vachette, and M. Rocco.
Portions of this help file are taken from the Supplementary Materials of Brookes et al., "Fibrinogen species as resolved by HPLC-SAXS data processing within the UltraScan SOlution MOdeler (US-SOMO)
enhanced SAS module", J. Appl. Cryst. 46:1823-1833 (2013), and from Brookes et al. "US-SOMO HPLC-SAXS Module: Dealing with Capillary Fouling, and Extraction of Pure Component Patterns from Poorly
Resolved SEC-SAXS Data", J. Appl. Cryst. 49:1827-1841 (2016).

This portion of the manual describes the utilization of the original linear baseline subtraction tool (see Brookes et al. J. Appl. Cryst. 46:1823-1833, 2013). This tool should be now utilized only if there is just a
minor drift between the initial and final baseline portions in the /() vs. t chromatograms, likely not due to capillary fouling but to other resaons such as incomplete column buffer equilibration. Starting from the May
2016 release, we have implemented a tool assessing the amount of drift and suggesting which kind of baseline subtraction would be more appropriate.

As an example, we utilize here a HPLC-SAXS dataset collected on an Aldolase sample, which, in addition of multiple, non-resolved peaks that will be the subject of Gaussian decomposition with distorted
Gaussian functions (see here), shows only a minor baseline drift:

Developed by Emre Brookes, Javier Pérez, Patrice VYachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)

Data files

[ Lock fhomedultrascan/HPLC_SAXS/aldolase_25_11_SOMOYI_t_sd3 ]
Add files Similar Conhcentrations Remaove files | B
aldo_pH7p5_Elution1_0022__It_q0_00GZE62 i‘ 00003

aldo_pH7p5_Elution1_002Z__It_q0_006G5765 b
aldo_pH7pS_Elution?_002Z__t_qd_00742915

aldo_pH7p5_Elution1_002Z__It_q0_00800062 i
aldo_pH7pS_Elution?_|

aldo_pH7pS_Elution1_0027Z__t_g0_00914356
aldo_pH7pS_Elution]_0027__1t_g0_00971504 i
aldo_pH7p5_Elution] _0022__It_g0_0102365 ]

0.0002
aldo_pH7pS_Elution1_0022__It_g0_010855 —_ i
aldm nHFRE Flutinnd AN22> K an N1142495 ﬂ : -
1 of 409 files selected LB i
sel.all | Setunsel | adv.sel | wiew | wmovie | Logx | Logv [T Em  Rescae E 100015
etz Elerane T Ie | width | Color : |
Eiri | smooth | i e R Testim N R 1
Concentration [oad | HEREEE SR | Detector b
0.0001
Produced Data ]
fhomesultrascan/HPLC _SaXS/Aldolase_25_11_SOMOY_t_sdd/produced E
Se-05
0 of 0 files selected Ol v
Falawi =] | e il e BEMERE | s EE | CEEl | [ ! T T T T T T T T T T T T T I T T T T I !
1] a0 100 150 200
| e[ Time [a.u.]
Fila e | (T LAk reference| e | e AT T | Save Flots | e | REEH
= Szl skl | ezl | ez ira sy | M TTESHT | imEsEAlE | S0 eval | EED s
EMG+GMG | kAl G e A | Sl B ATl e | il ke () | (TR
(2| e Visible| BEEHE e |Crnp Commnn| B s | Crop Zeros | i Lett | W je]e] | o B | Legend
Help Options Close

Contrary to what is required for the new Integral Baseline method, a single chromatogram is first selected; a compromise between high intensity and low noise works best.
In the Options module, select the Linear baseline removal checkbox. The Baseline button is then pressed. A pop-up message will appear:

US-SOMO: SAXS HPLC =2=>

Ol x|

Please note:

You are utilizing the linear baseline method.

This method compensates for a systematic drift and can distort/hide the effects of capillary fouling.
The linear baseline correction does not have an explicit physical basis and should be applied with care
and enly in the case of "small-amplitude" coerrections as compared to the experimental uncertainty.

Pressing "OK" will allow to proceed. As shown in the image below, this superimposes to the selected chromatogram six vertical lines, three for each side. The two magenta lines on each side define the beginning
and end, respectively, of the chromatogram regions over which the data are averaged to set the beginning and end of a baseline. The red lines define instead the beginning and end points of the data to be subjected
to the baseline correction. The positions of the six lines are shown in the six fields in the bottom row, with their backgrounds color-coded accordingly. If the zero base checkbox is selected, the left-side lines and
they respective fields will be removed, as it happens for the integral baseline operation (default: not selected).

Page 66 of 69



Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Cry: 1623-1833, 2013)

Data files

[ Lock fhomedultrascan/HPLC_SAXS/aldolase_25_11_SOMOYI_t_sd3 1
ool P Sy L I T & BeEmayetiles | b
aldo_pH7p5_Elution1_002Z__It_q0_00GZ862 i‘ 0.0003 -

aldo_pH7pS_Elution1_0022__It_g0_00685765
aldo_pH7pS_Elution1_0022__It_qd_00742915
aldo_pH7pS_Elution1_0022__It_g0_00800062 -
aldo_pH7pS_Elution1_0 | 0.00025 -
aldo_pH7p5_Elution_0022__It_g0_00314356 i
aldo_pH7pS_Elution_0022__It_g0_00971504 .

aldo_pH7pS_Elution1_0022__It_q0_0102865 ST
aldo_pH7pS_Elution1_0022__1t_g0_010858 3 i
aldn nH?RE Flutinnd AN?% 1 nn 011474985 ﬂ o 7
1 of 409 files selected = b

| | sl ieel | Ay el | Wi | = | ) it | (L] |I_ Ert | Rescale &0 ooo1s
NI EEranE | TR E e | widtn | Color 1
Eiri [ = Rz T D R ]
Concentration [oad | HEREEE SR | Fizizieing 00007 i

Produced Data E

fhomesultrascan/HPLC _SAXS/Aldolase_25_11_SOMOY_t_sd3/produced Se-[5 —
04
D DfD ﬂles SEIECtEd | T T T T T T T T | T T T T T T T T I 1
Sellzr (e T R e B e 0 50 100 150 200
Gy, Bt el Time [a.u.]
I I
File Baseline
) | e =L referenu:e| Fre il | i E Sl e | Sy e ElntE | Cancel | keep
ElErkeara e Easel e TestEsel e EEeE e 2R RS MimesealE R ] Bz |
Help ] ] Close

By clicking on each field, the corresponding line can be moved across the chromatogram using the gray-shades bar-wheel at the top of this panel or the "<" and ">" buttons placed at its sides. The actual baseline
is shown as a green dashed line, while the two orange dashed lines show the trends of linear regression done on the regions delimited by the two couples of vertical magenta lines. Ideally, the orange lines should
come as close as possible to the green line:

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. Spp. Cry 823-1833, 213)

Data files
[~ Lock fhomedultrascan/HPLC_SAXS/aldolase_25_11_SOMOV_t_sd3 :
el il Sz T 2 HETEENES | k
aldo_pH7pS_Elution1_0022__It_q0_0062362 i‘ 0.0003
aldo_pH7pS_Elution1_0022__It_g0_00685763 1
aldo_pH7pS_Elution1_0022__It_g0_00742315 ]
aldo_pH7pS_Elution1_0022__It_g0_00300062 .
Elution1_D0 It_g 0.00023 .
aldo_pH7pS_Elution1_0022__It_g0_00914356 i
aldo_pH7pS_Elution1_0022__It_g0_00971504 1
aldo_pH7pS_Elution1_0022__It_q0_0102865 D.DDDZ—-
aldo_pH7pS_Elution1_0022__It_g0_010855 ';' .
aldn nH7RE Flutinnl 0022 It n0 N11A295 ﬂ t'U T
1 of 409 files selected = b
el all | sl Ieel | Ay el | Wigw | T RiE | ) vt | (L] |I_ Ert | Rescale =0 oo015
et Elerane | T EIIe | width | Color 1
Eiri [ i e T R ]
Concentration [oad | HEHEER e | Eizizeing 00007 ]
Produced Data B
fhomesultrascan/HPLC _SaXS/Aldolase_25_11_SOMOY_t_sdd/produced Se-5 __
0 i- T
0 of 0 files selected - I : : : I : : : I - :
aelEshall | | e | il | EEMHLE | e () | EELE | 0 50 100 150 200
oy Sy oLy, Time [a.u.]
< = 207
File Baseline
) | e =L ] referenu:e| BEEiE] e | Ear EE ShEl e | Sy e ElntE | Cancel | keep
Bl aralyEis Easel e Test hiasel e [ EEeE e 2y TSI inesealE R ] Bz |
Help 5] 1 Close

Pressing Keep once a reasonable baseline has been found will keep its parameters (initial and end points, slope) for further operations.
Cancel will remove the settings and revert to no baseline.

After pressing Keep, it is best to then select one by one a few other chromatograms and press Baseline again to see how the chosen settings perform for other datasets. If necessary, the settings can be modified and
replace the initial ones.

The Baseline apply button becomes available once a baseline has been defined even a single /() vs. ¢ chromatograms is selected. Pressing it will allow to compare how the chosen settings perform:
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Data files

US-50MO: SAXS HPLC

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App. Cryst.

[ Lock ‘homefultrascan/HPLC_SAXS/aldolase_25_11_SOMOS_t sd3
add files Szl Concentrations Remove files |
ATUO_PT 1T o _CIOmO T _ 00 o s T qU_Cohd T ﬂ
aldo_pH7pS_Elution1_0022__It_g0_235885
aldo_pH7pS_Elution1_0022__It_g0_236456
aldo_pH7pS_Elution? _0022__It_g0_237026
aldo_pH7pS_Elution1_0022__It_g0_237597
aldo_pH7pS_Elution1_0022__It_g0_238167
aldo_pH7pS_Elution1_0022__It_g0_238738
aldo_pH7pS_Elution1_0022__It_g0_239308 —
aldo_pH7pS_Elution? _0022__It_g0_233873 g
aldo_pH7p5_Elution?_| bl-2_167 =
2 of 410 files selected =
Sel all | Sel. Unsel. | Ady. Sel. | WiE howvie | Log ¥ | Log ¥ |I— Err Rescale
Erze Elerane T e | width | Color
Bif | smooth | 5vD Make ity | Testiy | Make ()
Concentration load | EEREak i | Detector
Produced Data
fhomedultrascandHPLC_SaXS/Aldolase_25_11_SOMOYI_t_sdifproduced
aldo_pH7pS_Elution1_0022__It_g0_00857209-hl-2_16715613e-06-1_2689721e-05s
0 of 1 files selected
Select all | Invert i i BEmMEVE | iz | EANE |
) e = aldo_pH7pS_Elution1_0022__It_g0_00857209-bl-2_16715613e-08-1_;
Fila 3D | L = = reference| Residuals | Corkdap Analysis | Save Plots | EArEEl | IREEH
= = ] arke analsis | EasElie | Baseline apply | ANMESHITT | AimEsEAlE | EE | I |
el letat i i s s e Scale Analysis | Al EkE ) | (EIITIET
j e | \-fisible| BEMERERE | Crop Cnmmnn| (efi e | Crop Zeros | (e EE | (Wl pje | (e fi | Legend
Halp | Options Close

The baseline parameters thus set can be applied to all curves with concurrent subtraction of each baseline by selecting them all and then pressing again the Baseline apply button. A new set of data is generated, the
initial and final points used in the linear baseline subtraction are added to the filename of the produced files, and two labels are added, "-bl" (=baseline linear) after the g value, ans "-s" at the end of the filename, as

shown in the Data files panel:

Developed by Emre Brookes, Javier Pérez, Patrice Vachette and Mattia Rocco (see J. App.

Data files
fhomedultrascan/HPLC _SAXS/Aldolase_25_11_SOMO/_t_sd3

Concentrations

=i

Remove files

5_Elution
_Elution
Fpa_Elutiont
_Elution
5_Elutiont
Elution1
El Elution _
aldo_pH7p5_Elutiont_ 3_1 =
408 of 818 files selected 3,
sel.all | Setunsel | adv.sel | view | movie | Logx | Logv |TEr  Rescae | £
NI ENErale TR e E e | widtn | Color
Eiri | smooth | SWD Make ) | Testiy | Makel(g)
Concentration load | FEHERE BEL Detectar
Produced Data
fhomesultrascan/HPLC _SAXS/Aldolase_25_11_SOMOY_t_sd3/produced
RENS A e St A g, Sl S e I

aldo_pH7pa_Elution1_0022__t_q0_238738-bl-1_792122e-09-4_0570974e-073

aldo_pH7p5_Elution1_0022__It_g0_z39308-bl-5§_4350245e-10-1_KBE52802e-075

aldo_pH7p5_Elution1_0022__It_g0_z39673-bl-1_0801758e-09-9_1663265e-08s
0 of 409 files selected

<

8§23-1833, 2013)

selact all [DirvER I siRiiER N R B e A, —r T T T " T T T T T T T
1] a0 100 150 200
I e Time [a.u.]
Fila 3o | (T LAk reference| e | Corhdap snalysis | Save Flots | e | REEH
= ﬂ Bl arke aralyes | ez = | Baseline apply | ARSIl itEsCAlE | N | S gl
=] (LT | L) =t NG o e | Scale Analysis | Trial make I{g) | (ETIET
E‘ 2| e Visible| BEMEMEIE | Crop Cummnn| s | Crop Zeros | 15 ) | =i | Wfje]e] | U] ) R | Eeger
Help Options Close

The Linear Baseline-subtracted data can then be saved and further processed as described for the Integral Baseline-subtracted data.
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SOMO HPLC-SAXS Module Movie Generator Utility:

Last updated: October 2013

US5-SOMO: SAXS HPLC MOVIE

Stopped: 1 of 237 BSA 20 HPLC 1

I I | s+ | | = ]

[~ Show Gaussians [~ Show reference [ Monochrome File save as type: & png ¢ jpeg ¢ bmp
[ Save tofile Prefix: | [" Overwrite

Help | Close |

This utility allows to view in the main graphics window of the US-SOMO HPLC-SAXS module a series of data files in a movie-like manner, and to optionally save each frame as
an image for real movie-making operations.

In the top black box, the status of the "movie" showing is reported, with the current data file indicated.
The following box contains the controls for the "movie" operations:

¢ |<the visualization will go to the first frame (file) among those selected

e <the visualization will go one frame (file) back

e S-slows the frame rate during visualization

o [] will sequentially show the frames (play the "movie")

e S+ accelerates the frame rate during visualization

e > the visualization will go one frame (file) forward

o >| the visualization will go to the last frame (file) among those selected
Below the commands line are several options:

o Show Gaussians: selecting this checkbox will enable the visualization of the Gaussians, if present, when [(?) vs. ¢ frames are played

o Show reference: if a concentration data file (UV or refractive index monitor data) is present, selecting this checkbox will add an additional graph below the main graphics
window where the concentration signal is displayed, and the time point corresponding to the actual SAXS data frame is shown as a vertical line

e Monochrome: if this checkbox is selected, the data frames in the main graphics panel will be shown all in a single color
o File save as type: O png O jpeg O bmp : if the frames are to be saved as images (next checkbox), here the output image file type can be selected

e Save to file prefix: selecting this checkbox will enable to save each frame played as an image file, so that a real movie can then be made. A prefix can be entered in the field to
the right, to be added to each frame's name

o Overwrite: selecting this checkbox will allow overwriting existing filenames on file saving
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