Supplementary Material for Brookes et al. 1 FibF

Fibrinogen species as resolved b y HPLC-SAXS data processing within
the UltraScan Solution Modeler (US-SOMO) enhanced SAS module

Supplementary Material.

1. US-SOMO SAS module.

1.1. Main Panel.
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Figure S1 Panel A, the renewed GUI of the US-SOMO SAS moduén panel. In the graphics windows,
thel(q) vs gand theP(r) vs. rcurves, both computed directly from the BSA criystaucture 4F5S (Bujacz,
2012), using Crysol and the US-SOMO internal PAXS method, respectively, are shown.

The new GUI of the US-SOMO SAS module is shownig B1. It is divided in two halves, the top deglin
with reciprocal-space operations, and the bottanefal-space operations. Each half can be hidden by
clicking on its bar, expanding the other half amasequence. If a PDB file was previously uploadetie
US-SOMO main panel, its name will appear in thstfiield at the top, and all subsequent calculatiwitl

be done on it. The three buttons/fields below tfet field give the user the possibility to uplogderence
files different from the default ones (automatigalploaded and shown in the corresponding fields),
containing the atoms properties, hybridizations, 8AXS coefficients, respectively, that will be dse the
computations (see Brookesal, 2010a; Brookest al, 2010b). This part of the panel is common for both
SAXS/SANSI(qg) vs.q andP(r) vs.r plotting/computation functions. The first seridsattons in the “SAS
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I(g) Plotting Functions” section deal with operatioon previously computed or experimental datadirga
is done with the “Load SAXS (SANS)" button (the SBMANS label will switch depending on whether
SAXS or SANS operations have been chosen, see pdfammne or more curves are already present in the
graphics window, rescaling of the new entry is paeshy selecting the target curve in a pop-up Wwind
Besides our own data formats, including multipleadats in a comma-separated variable (csv) forseat (
below), the Crysol/Cryson format (Svergetal, 1995; Sverguet al, 1998) is also recognized. “Load
GNOM File” will allow the uploading of files proded by the GNOM program of the ATSAS suite
(Petoukhov et al., 2012). In that case, the comedimgP(r) vs.r curve will also be shown in the bottom
graphics window. “Load Plotted” will instead openew window allowing several operations to be
performed on the data which are currently displapetie graphics window. “Set Grid” will open a ldig
box allowing to set the starting and endiqgalues, and thg-interval, taken from any of the plotted curves.
This is quite useful when computing a SAXS/SANE vs.q curve from a structure to be compared with
experimental data. “Clear SAXS (SANS) Curve” wilstead sequentially remove the data from the geaphi
window. “Legend” will display the names of the flglotted and their associated line colours. “IT6t
available in the current release) will perform averse Fourier transform of i) data to produce a pair-
wise distance distribution curve using the inditeahsform method (Glatter, 1977) as implementeitién
packages ATSAS (Svergun & Koch, 2003) and/or Irglaasky and Jemian, 2009), and/or the Bayesian
method described by Hansen (Hansen, 2000). Findementation choices will be determined by a
comparative analysis of these methods. “Search’opén up a dialog box where buffer electron dgnsit
excluded volume scaling, and the excluded volumexpfict waters can be automatically varied andfénd
against experimental data. “Data” will open a medtdntaining various utilities for primary and pessed
data treatment, with the ability to perform bufaibtractions, normalization and curve joining. Alilgh
functional, this module is still under developmant will be fully described in a future publication
“HPLC” will call a novel utility dedicated to thedsanced processing of HPLC-SAXS data, for instance
allowing to plot the scattered intensity at eachmantum transfeq as a function of the elution profile,
tracing and subtracting baselines, singular vakedhposition (SVD), and Gaussian decompositiorobf n
resolved peaks (sdet in this Supplement). Finally, the “Guinier” buttenll allow the manual or semi-
automated computation of the global, cross-se¢@$ for rod-like molecules), and transverse (TWdisk-
like moleculesy-average radii of gyration,l%2>z, <R?>,, and R>>,, respectively, and of the corresponding
weight-average intensities at zero scattering arid®>,, from Guinier plots (Glatter & Kratky, 1982). The
“Guinier Options” panel (se&3.5 in this Supplement) will open up and allow modifyithe settings, and
then the alternative Guinier calculations can bad¢hed from separate buttons. The Guinier piotéy) vs.
o, In[g*l(q)] vs. g* (CS), andn[g**1(q)] vs. ¢ (TV) can be shown by clicking on their checkboxax]

their displaytf ranges can be modified by entering values in teesponding fields. Computations of the
weight-average moleculareight <M>,, mass-length ratioM/L>,,,, and mass/area ratidv¥A>,,;, from
corresponding K0)>,, values are done using constants and parametessnpia the “Guinier Options”
panel. It is also possible to plot the data asatk§rplot @**I(q) vs. g Glatter & Kratky, 1982) by selecting
the dedicated checkbox, and entemgn@gnges in the corresponding fields. When compaekmerimental
and calculated data, a fit can be done in eittaardstrd or Kratky mode, with or without standardideon
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(SD) weighting, by selecting the appropriate opgionthe Miscellaneous Options panel of the SASdDpt
menu (sed.3.6 in this Supplement). Clicking on "Standard" wélert the plot to th§q) vs.q mode. All
graphs can be zoomed in by selecting an area gtmbuse keeping pressed the left-side button.

The method used for the computation$(qJ vs.q from atomic coordinates can be selected in thévekow
the “Create standard output files” checkbox. SAXSANS is the first option (default: SAXS; if SANS
selected, the name of the plot in the right-sideenganel will change accordingly). For SAXS, theice is
between full Debye (“F-DB"), Debye with sphericarimonics ("SH-DB"), a fast methods based on FOXS
(Schneidman-Duhovngt al, 2010), whose code is only available for Linux igpi&g systems (“quick”
Debye, "Q-DB"), and Crysol (Svergwt al, 1995); the latter needs to be downloadeth(//www.embl-
hamburg.de/biosaxs/software.hjrahd pre-installed in the existing ultrascan/liogoam directory. For
SANS, only Cryson (Sverguet al, 1998), which again needs to be downloaded andhptalled as above,
is currently available; the corresponding SANS iempéntations of full Debye, Debye with spherical
harmonics, and quick Debye will be made availabla future release. For SAXS, the full Debye method

(Glatter & Kratky, 1982) first calculates the cadr atomic form factor fij for each atom at each

scattering vectouy;:

k
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where aS) , qgi) , and c) are the pre-exponential terms, the exponentiadigeand the constant term,

respectively, of the atomic form factors taken fritna International Tables for Crystallography atodesd in
thesomo.SAXS_atofile, L is the number of exponential terms used (4 osBr-8electable; for the latter,
see Waasmaier & Kirfel, 1991y, is the excluded volume of each atom retrieved ftloesomo.atonfile,
andpy is the solvent electron density, stored in theSEAMO SAXS calculation options (default: water,
0.334e/A%). If implicit hydrogens are used, as is typical fimost structures derived from X-ray
crystallography studies, then structure factorsmated from a Debye computation utilizing typical
hydrogen positions replace the atomic form factéheve, for non-H atoms stored in tls®mo.atondile
already includes the H atoms bound to every pdai@roup defined there(g, CsHs Vex = 31.89 &, C,H,
Vex = 16.44 R). Thel; are then computed for eages:

nl n C sin(q-r- ) n(.
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where the; are is the distance between thandk™ scattering centres.

The spherical harmonics method is based on a gplh&essel function expansion of the Debye equation
and is described further in (Stuhrmann, 1970; $halmnet al, 1977; Sverguet al, 1991).
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When computing a SAX&q) vs.q curve the original PDB structure filename is agjmhwith a code
identifying the computation method usedqg, “db” for full Debye) as appears in the right-sfildd, and the
extension is “.ssaxs” (“.ssans” for SANS files)SHK-DB or Crysol/Cryson are used, the extensiohaiso
report the used values of user-selectable parasngtethe example in Fig. h30is themaximalorder of the
spherical harmonicg18is the Fibonacci grid used, ahd0_03is the contrast of the hydration shell) that
can be set in the SAXS Computation Options and SENSputation options panels of the SAS Options
menu (sed.3.1 and1.3.2 in this Supplement). A user-definable suffix césoae entered in the left-side
field. Computation of ai(q) vs.q curve is started by pressing the “Compute SAXSNSACurve” button,
with progress reported as a bar and a % numbés taght.

In the “P(r) vs. r Plotting Functions” section, @eyously-generated or experimentally-derii(d) vs. r

curve can be uploaded in the graphics window bgging the “Load P(r) Distribution” button, and the
graphics window can be cleared by pressing thedi®r) Distribution” button. As for thEq) vs. q

window, "Load Plotted" will open up open a new womdallowing several operations to be performedhan t
data which were currently showed in the graphigsdatv (seel.2.1 in this Supplement), and “Legend” will
display the names of the files plotted and thesoamted line colours. For ti¥r) vs. rcomputation from an
atomic-level structure or a bead model, two figldstrol the bin size and a smoothing window (opipn

respectively. The equation used is:

ZZ{(Q -t ) Ol - o )OS -1 )

P(r)=—-

<b-by ¥ (S3)
whereb; andb;, set to 1 for the “raw” computations, are the nemtif electrons of theandj atomic groups
for the SAXS computations, and are the neutrortesgag lengths of theandj atomic groups at a setO
fractionY (see below) for the SANS computations. All theakigs are stored in the US-SOMO reference
tables, and the f@ fractionY can be set in the SANS computation options painileoSAS Options menu.
The Kronecker's deltd(r - r) is applied to the distancesbetween the atom'sandj centres for every bin
The termdd, andbg account for the solvent scattering density. FOKSAd, = 10 * (R / RH20)3 where 10 is
the number of electrons in a water molecBés the van der Waals (vdW) radius of tfletom (from the
somo.residu¢able) andRy,o is the vdW radius of a bulk water molecule (asrs¢hhe SAXS options). By
pressing the “Compute P(r) distribution” button-adumn file is created, containing the bmshe non-
normalizedP(r), and the normalized (defined beloR(r) values, respectively. Files will have the extensio
.sprr_r, .sprr_x, and.sprr_nfor the "Raw", SAXS and SANS settings, respecyivel addition, a suffix
containing the bin size used.§, b1 for bin size = 1) will be added at the end of filename. Normalization
is automatically done by first calculating the aneaer theP(r) curve and then dividing it by the molecular
weight of the structure (or bead model), whichdmputed from the sequence or can be entered ip-apo
panel and later stored in the file. Ed®m) value is then divided by this ratio. The “Normalizheckbox
when selected will display the normalized curvéhia graphics window on the right side, with autdmat

rescaling upon adding a new graph. Before stagingwP(r) vs. rcomputation, the residues contributing to
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a particular bin can be identified by selecting‘tResidue contr. range (Angstrom)” checkbox aneeng a
range (min-max) in the two fields at its right.tlns case, when thé(r) vs. rcomputation is completed, the
“Display” button becomes available, and pressinilitcall RasMol (Sayle & Milner-White, 1995), wtin

is the molecular visualization software installeithiS-SOMO. There the structure will be visualizeith
the residues contributing to the selected rangeucaloded from yellow (max contribution) to blueim
contribution). The other residues will be colougedy. New ranges can be entered and the resulignsho
without having to re-do thi(r) vs. rcomputations. The graphics window will show eveeyP(r) vs. r
curve in a different colour, without erasing curaé®ady present. The correspondence between bigrso
and the files is reported in the progress winddwe @ame happens also for tfw vs. qoperations), and can
be also toggled on and off below the graphics windy pressing the “Legend” button. Progress in the
operations is reported in the advancement bar@sitte of the “Compute P(r) distribution” buttongdan
the progress window below the buttons. “Stop” Walt the current operation, and the option panel
containing the settings controlling the operatiaugh as the f fraction, can be directly accessed by

pressing the “Open Options Panel” button.
1.2. Main Panel — Additional features.

1.2.1. Load CSV-style SAS Results module.

Load CSV style SAXS results '

Select models to load
Plotted l(q) curves
Plotted I{q) interpolated to delta q of 0.00233153

"lyzexp.dat"

"1E8L-01-cr hl5 gl17 hso0 03.int"
"1E8L-06-cr_h15_g17_hs0_03.int"
"1E8L-11-cr h15 g17 hsO 03.int"
"1E8L-16-cr_ h15 g17 hs0 03.int"
"1E8L-21-cr h15 g17 hsO O3.int"
"1E8L-26-cr hl5 gl17 hso0 03.int"
"1E8L-31-cr hl5 gl7 _hs0 03.int"
"1E8L-36-cr hl5 gl7 hso0 03.int"
"1E8L-41-cr_h15_g17_hs0_03.int"
"1E8L-46-cr_h15_g17_hs0_03.int"

v Create average curve ¥ Create std deviation curves ¥ Only plot stats ¥ Sawve to csv [1EBL_10m ave [ Include source data

[T NNLS fit [T Bestfit Selech Tanget

Select All | Transpose (1I:I}| Save DA | | | Help | Plot |

Figure S2 The load csv-style SAXS results window. Shown d@enbdels (highlighted) and one

experimental curve.
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Previously computed csv-styli@) vs. dfiles, such as those generated using the US-SO&tGhBMode
(Brookeset al, 2010a; Brookest al, 2010b), can also be uploaded in the SOMO SAXS/SA&haphics
window. In this case, a new window will open ligfiall the individual curves present in the csy, fokus all
other files already uploaded into the graphics wimdThe “Load Plotted” button will also open therstyle
SAXS results window. Individual data can be seldftteselected by clicking on them, or they canall b
selected/deselected by pressing the Select Albbu8everal operations can then be performed before
returning to the graphics window. In the examplevahin Fig. S2, ten datasets were selected and the
“Create average curve”, “Create std deviation csitvEOnly plot stats”, and “Save to csv” checkboxesre
ticked. When pressing “Plot”, this will create areeage curve from the selected dataset, plus a@er8p
and average -SD curves. In this example, only vieeage and averagsSD curves will be plotted in the
graphics window, because the “Only plot stats” éhex was selected. Furthermore, the resulting aeera
and average £SD curves will be saved in anothefileswhose filename is entered in the field ntexthe
“Save to csv”’ checkbox. The original source datalmaalso saved in the new csv file by ticking the
“Include source data” checkbox.

Other operations are available within this modullee selected data, which are stored in rows, can be
transposed into columns by pressing the “Transpbsgtbdn (the number in parentheses in the buttoel la
will show how many datasets are going to be trassgp This will bring up a save window where a patd
a filename can be chosen. The transposed fileb@ilaved in csv format. Alternatively, a Crysol-qgatible
file can be saved by pressing the “Save .DAT” buttwringing up again a save window where a pathaand
filename can be chosen. Pressing the “Save” buttibinstead save the selected dataset(s) intoramatsyv
file maintaining the rows storage format. Pressi@ancel” will close this window.

More operations can be performed on multiglp vs. dfiles within this module. A non-negative least
squares (NNLS) procedure can be utilized to firedliast combination of model curves matching an
experimental dataset. This operation is performefirbt selecting the experimental dataset by atiglon it,
and then pressing the “Select Target” button (atgl only when a single dataset is selected). Tibeen
dataset name will then appear in the field nexh&“Select Target” button. If a single (experinahtiata
file was already loaded into the graphics winddwyiil be automatically chosen as the target datésé it
could be changed as described above). Next, tlasetaton which the NNLS is to be performed arectsde
(efficiently by first pressing the “Select All” bigin and then de-selecting the unwanted datasetgble-
clicking on their names). Pressing the “Plot” battwill then launch the NNLS operation, at the efd o
which the program will return to the main US-SOMAXS/SANS panel. A pop-up window asking to
confirm/change/deselect a target curve upon whiemew data to be plotted can be rescaled will also
appear. After the appropriate selection, the gapindow (Fig. S3, top) and the progress windotha
bottom-left corner of the SAXS/SANS panel (Fig. 84l) be updated. The latter will show the fitting
statistics (for instance the value) and list the % contribution of each filethe composite curve fitting the

target curve. A residuals window will pop-up, aswh is Fig. S3, bottom. In the “Plot difference” d& the
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two horizontal bars indicate £2 SD from target:Rfot percent” is selected, the bars will indic&é

deviation from target. A log scale mode is alsalatée.
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Figure S3 Top: the updated SAXS graphics panel showing aerxgntal curve (green) and the NNLS-

derived best fitting curve obtained by a combinatié the curves computed from ten structures (cyan)

Bottom: the residuals window.

Likewise, the best matching curve to a target ctnwe an ensemble of curves can be found by salgttie

“Best fit” checkbox, and proceed as described alforvehe “NNLS fit”.
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1.3. SAS Options Panel.

US-SOMO SAS Options =

US-SOMO SAS Options:

Figure S4 The US-SOMO SAS Option panel listing the availahtdules.

Pressing the “Open Option Panel” button will briggthe window shown in Fig. S4, from which all the
listed submenus can be reached.

1.3.1. SAXS Computation Options module.

US5-SOMO SAXS Computation Options )
| US-S50MO SAXS Computation Options:
Water electron density (e / A™3): E -|™l0.334 o E

Quick Debye: Bin size

Quick Debye: Modulation

SH/Crysol: Maximum order of harmonics

Crysol: Order of Fibonacci grid

Crysol: Contrast of hydration shell (e f A"3): g -
LI TG L L EH Y Automatically load difference intensity llv  Support version 2.6 Explicit hydrogens

e 0 e

Figure S5 The US-SOMO SAXS computation options module.
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In this module are set the options and parameterthé computations afq) vs. gcurves from atomic-level
structures. The solvent (here taken as water)releciensity is entered in the first field. Next asrhe
choice of the computational method used, as alrdadgribed. For the quick-Debye (Q-DB) methde(g
function can also be computed by ticking its cheskland it also requires values for the bin size the
modulation as defined for the FOXS method (Schneimiduhovnyet al, 2010). Next follow the parameters
utilized by Crysol, the maximum order of harmon(ap to 50), order of the Fibonacci grid (max 18)d éhe
contrast of the hydration shell (default: 0&&). The last line contains the checkboxes for acléti

Crysol options.

1.3.2. SANS Computation Options module.

Us-50MO SANS Computation Optlons

US-SOMO SANS Computation Options:

H scattering length (*10"-12 cm):

D scattering length (*10"-12 cm):

H20 scattering length density (*10°-10 cm ™ 2):

D20 scattering length density (*10"-10 cm ™ 2):

Buffer D20 fraction (0 - 1):

Perdeuteration (0 - 1):
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Fraction of non-exchanged peptide H {0 - 1):

() metnoc m

SH/Cryson: Maximum order of harmonlcs

4
44
4
o
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»
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Cryson: Order of FiIbonaccl grid

Cryson: Contrast of hydration shell (*10"-10 cm ™ 2): i

Figure S6 The US-SOMO SANS computation options module.

Several parameters needed for the computatidfmp¥s. gandP(r) vs. rfrom atomic structures can be
set/modified in this module: H and D scatteringgiéss, HO and DO scattering length densities, the®D
fraction in the experimental solvent, global petdeation, and the fraction of non-exchangeableigept
hydrogens. Of the listed computation methods, @myson is presently (June 2013) available, with the
maximum number of harmonics and the order of theicci grid that can be set in the corresponding
fields. As for the contrast of the hydration shiglis computed from the IO fraction (see Cryson manual),

but the value proposed can be overridden by chgakie checkbox provided and entering a differehte/a
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1.3.3. Curve Generation Options module.

US-SOMO SAS Curve Generation Op

US-SOMO SAS Curve Generation Options:

Wavelength (Angstrom):

Starting Angle:

Ending Angle:

Angle Stepsize:

Starting q:

Ending q:

ot
¥
w
N,
ol
-
>
bt
-
¥
Pt
-
i
>
w
o
bl
-
N,
ot
-

4 LS L LS L L S

q Stepsize:

v Normalize P(r) vs r curve by molecular weight

Figure S7 The US-SOMO curve generation options module.

The wavelength at which thég) vs. gcurves will be calculated is set here in the fiedtd (default: 1.5 A).
The starting and ending scattering anglé3,(and the step size or, alternatively, the stgréind ending
g-values, and thg step size, are set here in the next six fielddéeNwat changing values in the angle fields
will automatically recompute thgvalues in the other fields, anite versaThe normalization option of the

P(r) vs. rcurves by the molecular weight of the macromoleatiidied can be also selected/deselected here.

1.3.4. Bead Models Options module.

U5-50MO SAS Bead Model Opt ]

US-SOMO SAS Bead Model Options:

¥ | Compute SAXS coefficients for bead mﬂdeIEE
'_ Compute SANS coefficients for bead models
'7 Use Rayleigh (1911) for structure factors

'_ Dummy atom PDB's in NM

| Help I Close I

Figure S8 The US-SOMO bead models options module.

This module allows selecting the computation of XS and/or SANS coefficients when generating bead
models from atomic scale structures (first two éhexes), and to optionally use the Rayleigh (Raylgei
1911) structure factors for spheres of uniform tetecdensity (third checkbox). This procedure i shder
development, and will be fully described elsewh@&iee last checkbox is used when uploading bead imode

whose scale units are not in A but in nm, like s@A&IMIN-generated models.
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1.3.5. Guinier Options module.

-, US-SOMO SAS Guinier Options . _ O] =|

Guinier Options:

Guinler: Maximum q *Rg : 1.3

CS Guinler: Maximum q * Rc : 1

TV Guinler: Maximum ¢q *Rt : 1
Guinier, CS Guinier and TV Guinier Options:

Minimum q value : 0.01

Maximum q value : 0.0282843

Minimum q~2 value : 0.0001

Maximum g~ 2 value : 0.0008

<1

Limit maximum g to maximum g*Rg, g*Rc or g*Rg (not active in Search mode)

Use 5Ds for fitting

BSA_fr125

<l

Repeat the analysis after discarding points
over the regression line by more than 5D of

<1

<

Save Guinier results to csv file:

Save processed g, I{qg) data to csv file

CIf =l

Search for best Guinier range

Minimum number of points :

Maximum number of points :
MW and M/L computation opti :
Set Curve Concentration, PSV, 10 standard experimental

Default concentration (mg/mil) : 1

Default partial specific volume (ml/g): 0.72

Diffusion length (cm) : 2.82e-13

Electron/nucleon ratlo Z/A : 1.87

Nucleon mass (g) : 1.674e-24

v Use |0 standards for normalization

Default 10 standard experimental (a.u.) : 0.01633

10 standard theoretical {cm*-1} : 0.01633

Process Guinier Pre_tct‘as.c-s-ﬁuin'ier I Process TV Guinier

Help : Close

Figure S9 The US-SOMO Guinier options module.

This module opens when the “Guinier” button is pegkin the main SAS panel. After setting/revisimg t
options and the parameters, three different Guametyses can be launched by pressing “ProcesseGuin
(conventional Guiniedn[I(q)] vs.of), “Process CS Guinier” (cross-section Guinierrfm-like particles,
In[q 1(a)] vs.q?), or “Process TV Guinier” (transverse Guinier étisk-like particles|n[q? 1(q)] vs.qP),
respectively. The limiting range for all Guinikerear regression are set in the three fieldsetdbp,
“Guinier: Maximum g * Rg”, “CS Guinier: Maximum g Rc”, and “TV Guinier: Maximum g * Rt”,
respectively, where “Rg” is the radius of gyratitR¢” is the cross-section radius of gyration, 4Rt is
the transverse radius of gyration. Next ¢heange can be set by either changing the “Minimuvalge” and
“Maximum q value” fields, or the “Minimum g"2 valuand “Maximum g"2 value” fields (entering a value
in aq field will automatically update the correspondiffgzalue, and vice versa). In manual processing
mode, the limiting factors previously entered carubed to limit the mag value by checking the “Limit
maximum g to maximum g*Rg...” checkbo8tandard deviations associated with the data carséd to do

a weighted linear regression by checking the “Use Br fitting” checkbox. Outliers can be automatig
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discarded from the fitting by checking the “Repiiat analysis after discarding points over the regjom

line by more than SD of” and entering a value imfield (default: 2 SD). Guinier analysis resultsla
processedt (g) data (see below) can be saved in a csv-styléyilehecking the “Save Guinier results to csv
file” and “Save processed q, I(q) data to csv fiteeckboxes, respectively. A search for an optizage for
fitting can be performed by checking the “Searahbiest Guinier range” checkbox, which, however| wil
still be limited by the chosegf rangesetting. The minimum and maximum number of poiatbe used in

the regression can also be set here in the follpwim fields. The second half of the module is datid to
the computation of theM> ,,, the<M/L> ,,, and the<M/A>;, values from the corresponding intercepts
<I(0)>,, of the Guinier plots. For data manually loaded itte SAXS/SANS module, the concentration,

I std

partial specific volume, and experimer | ;5

(0) of a standard scatterer can be set by pressir#ie
Curve Concentration, PSV, 10 standard experimettatton. This will open a panel listing all load@ds,
and their associated concentration, psv and stdredgrerimenta I(f)t(g(O) in three successive, editable fields

(Fig. S10; default values: 1 mg/ml, 0.72 ml/g, @633 a.u.).

US-SOMO: Guinier: Set Curve Concentration, PSV and 10 standard experimental

Set Curve Concentration, PSV and 10 standard experimental

File Concentration (mg/ PSV (ml/g) 10 standard expt. (a.u.)

[1 |BSA 20 HPLC bs pk3 t120

2 |BsA 20 HPLC bs pk3 t121 0.849 0.733 5.4e-05

3 |BSA 20 HPLC bs pk3 t122 0.901 0.733 5.4e-05
BSA 20 HPLC bs pk3 t123

Figure S10 The set concentration, partial specific volume, Rrefandard experimental pop-up menu.

When multiple datasets are present, values in lgaelsan be copied and pasted to other lines al fines
by using the appropriate buttons. These fieldsaatematically updated with appropriate values thdats
are transferred from the HPLC module and contdmitiiormation (see below).

The conversion from the correspondinig,£0)>,, from the Guinier plots to theM>,, <M/L>,,, and
<M/A>,,, values is done by first putting the data on arohite scale by normalizing for tt| ;t(g(O)

according to:
lexp(0)* I 35(0)

labs(0) = S
P 159(0)

(S4)
Then the reducel” (0) in g mol* are obtained as:
| * (0) - I abs(o) NA

C w21 o (S5)
1000%[A m, Vzpe}
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whereN, is Avogadro’s number; is the sample concentration [mg IR, is the diffusion length of the
electron [cm]m, is the nucleon mass [(V, is the partial specific volume of the particle fogi], pe is the

solvent electron density [e/émandZ andA are the number of electrons and of nucleons, oéispédy, in

the particle, whose ratio is usually taken as ataon specific for each class of biomacromolecidsen
the “Save processed g, 1(q) data to csv file” cheskis selected, Egs. S4 and S5 are applied t¢gpitiata
before saving, converting themltgl*(qg)], In[q 1*(g)], or In[¢® I*(g)], depending on the type of Guinier
processing selected. In this way, if the data esglotted using external programs the interceptlen
Guinier plots can be directly related to thd>,, <M/L>,,, and<M/A>,, values. Defaults values of
2.82x 10" cm and 1.6% 10% g are present in the “Diffusion length (cm)” andiitleon mass (g)” fields,
respectively. As for the “Electron/nucleon raticAZ/the default value is set to the average vahre f
proteins, 1.87, whil@, is set ([e/A], internally converted to [e/cH) in the SOMO-SAS computation
options panel. Finally, if the data have not beengtandardized with the use of a known scattesiagdard,
this can be done here by entering the theoretalaleg ofl, for the standard in the “l0 standard theoretical
(cm”-1)” field (the default value is that o&8 at 20 °C, 0.0163 ch). The default value for the “I0 standard
experimental (a.u.)” can be also changed heredgfeult is set to the theoretical value gfHat 20 °C).

1.3.6. Miscellaneous Options module.

US-SOMO SAS Miscellaneous Options i

US-SOMO SAS Miscellaneous Options:

Set Atom Definition Fie
Set Hybridization File somo.hybrid
Set SAXS Coefficients File ||somo.saxs_atoms
r Always ask 1/angstrom or 1/nm '7 Calc I{q) ask for grid
F I{q) curves in 1/angstrom r I{g) curves in 1/nanometer r Expt. data in variance
I Disable I(g) scaling [# Chi~2 fitting
Kratky fit Do not use experimental errors in Iq fits

Excluded volume WAT [A~3]: - Excluded volume scallng:

Clear remembered molecular weights

I{q) curve q range for scaling, NNLS and best fit (Angstrom) -.

Figure S11  The US-SOMO miscellaneous options module.

In this module, the user can set several optiohs.tdp part deals with the user-editable referdites
somo.atonfcontaining the atoms’ parameters for each residguested in the PDB files3omo.hybrid
(defining the hybridization states used to buildgbhmo.atonfile), andsomo.saxs_aton{defining the
SAXS atomic, atomic group, and bead scatteringfaft The internal default units of the SAS modida
be set to either Aor nni* by selecting one of the “I(q) curves in 1/angsttam*I(q) curves in

1/nanometre” checkboxes, but when mixed data aé, tlse program can be set to ask the units eaehdi
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file is loaded by ticking the “Always ask 1l/angstror 1/nm” checkbox. If selected, the “Calc 1(gk &ar
grid” checkbox will ask to match the grid to a péat grid, otherwise this step will be skipped. Phhegram
assumes that the error column in data files repoets as SD, otherwise variance (var Z)Sfan be chosen
by ticking the “Expt. data in variance” checkbo®isable I(g) scaling” controls if a scaling questis
asked each time a new data set is loaded. Wheorpeny NNLS, the program can ugefitting as the
minimization criterion if the “Chi*2 fitting” chedox is selected, otherwise SDs are ignored and NNLS
minimizes root-mean square deviation (RMSD). Thualée method will perform fitting of(q) vs. gdata,
but Kratky fitting @*1(g) vs. g can be selected by ticking the “Kratky fit” chéck. Every fitting by
default is performed with SD weighting, which cantbrned off by ticking the “Do not use experiménta
errors in 1(q) fits” checkbox. If structures havedn explicitly hydrated (by using external prograrttse
volume associated with the hydration waters casebén the “Excluded volume WAT [A”3]” field. All
excluded volumes can be globally scaled (recomnendéy for studies aimed at finding the “best” vedu
for excluded volumes) by using the “Excluded volwualing” field. “Clear remembered molecular
weights” is used when a different structure is usegeneratind?(r) vs. rfunctions, which are then
normalized by the molecular weight. Finally, th&g)lcurve g range for scaling, NNLS, and best fit
(Angstrom)” fields allow limiting theg-range of loaded experimental or computed data whérh these

operations will be performed.
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1.4. The US-SOMO HPLC-SAXS module.

49 of 249 files selected

1{q) [a.u.] (log s’cale)

Produced Data
/home/ultrascan/HPLC SAXS/BSA/produced

0 of 0 files selected
simliar: | Hemove

File
BoA_Z0 _HPLC 91 |
BSA_20_HPLC_92

BSA_20_HPLC 93
BSA_20_HPLC_94
BSA 20 _HPLC 95
BSA_20_HPLC_96
BSA_20_HPLC_97
BSA 20 HPLC 98
BSA_20_HPLC_99
Files loaded ok

Figure S12  The US-SOMO HPLC-SAXS module. The buttons with tkeck labels are the ones
currently active, the ones with the red labels bezactive when allowed by the processing/visuatirat
stage. The graphics panel shows a collection of GHBAXS log[l(q)] vs. gframes data for a BSA
separation (see Materials and Methods). The pembanpturn at very smad-values is due to biological

material aggregated in this cdsethe intense X-ray beam on the capillary celllsval

The first operation is to load experimental daesfusing the “Add” button on the top left pahéin
operating directory can be pre-selected by clickinghe path shown above it, and navigating irfitae
system (clicking the “Lock” checkbox will fix thalirectory). “Similar” will select files with similanames
and allow manual pattern matching entry if no namwilar files are selected, while “Remove” will dacl
previously selected files (see below); if the fitesre produced by the module, and were not preljious
saved, a warning window will pop-up, allowing tmpeed or to stop removing the selected items. iléne f
format for SAXS data recognized by the US-SOMO HF2AXS module consist of .dat files with two or

1 All data are dynamically allocated, therefore meyravailable is a limitation. We have tested loadd processing
of hundreds of frames without issue. Further prsiogsof hundreds of frames can produce thousandssafting
curves and this is supported. Of course, as tledithe data increases, the time required to psottee data will

increase, and this may be the practical limit.
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three TAB or space -separated columns containiag,tt{d), and optionally their associated SD values,
respectively. Each frame number (or time value)trhbegpresent somewhere in the flename with a commo
prefix and suffi%. If a block of files are selected for uploadinglahey have a recognizable frame number,
they will be listed ordered by increasing frame bem The currently recognized format for concerdrat
data is similar to the SAXS data format with théitidn of the string “Frame data” in any place e first
line. The two or three columns of data will thenfimnumber, concentration-related data, and optipaal
associated SD valuiqg) vs. gand concentration data frames are automaticatlygreized and the labels on
thex- andy-axes are then properly setd, Fig. S12). “Concentration” will show every filsted together
with their associated concentration (mg/ml), if aygiate and properly set (see below). Concentnataan
also be entered and modified manually. They causlee to normalize thgq) vs. qdata (see below).

Loaded files can be displayed on the graphics panéaidividually clicking on them (shift-click wilselect a
contiguous series, ctrl-click allows multiple irtdgrly spaced selections). Produced data will alsmwv up

in this panel with associated putative filenamé&eléct all” will select all files, and “Invert” wikllow

toggling the selection between selected files amayghing else not currently selected. “Selectwpen up

a panel in which several selection and search imptian be performed (see Fig. S23). “View”, activen

up to ten datasets are selected, will show thetexinformat. The “X” and “Y” buttons allow to toggl
between linear and lggscaling of the data on tlxe andy-axes (if zero or negative values are present, they
will be temporarily removed as they cannot be showthe display in the lggmode). “Rescale” adjusts the
X-Y axes on the graphics window to maximize theldig of selected datasets (no effect on the data
themselves). “Normalize” will divide thi¥q) data by the stored/entered concentrations. “Averadgl

produce a weighted average with propagated SDsletted data. "To SOMO/SAS” will transfer selected
datasets back into the US-SOMO SAS panel. Eachttim&Vidth” button is pressed, it increments tlaged
line size of the plots, until it goes back to theial value.“Color” shifts the colours used in the graphics
window for a better contrast with the backgrourfsintboth” performs a regularization of selected daiag

a moving window, whose dimension is defined in p-pp menu, using a Gaussian smoothing kernel of
2n + 1 points “Repeak” is used to effectively scale data on¥kexis to a pre-set target, selectable in a pop-
up window among the data subjected to this operdthas affects the data, a new file is generatild wp”

and the scaling factor added at the end of thedilee). “SVD”, operating only olfq) vs. qdatasets, opens a
pop-up window were a single-value decompositioryaig e.g, Williamsonet al, 2008) can be performed
on the selected data. The “Make I(t)” and “Maké&’1(auttons are crucial for the HPLC module openatio
they allow to generate a series of chromatograft)sv6. t wheret can be real elution time or frame number)
for eachg-value present in the original data files, ande@eneraté(q) vs. dfiles for each frame after data
treatment in frame- (or time-) space, respectivéhgt concentration file" will select an alreadyagued file

containing the UV or refractive index profis.time or frame number as the source of the conatorr

2 For example, datalsaxs.dat, data2saxs.dat, dataBat will be recognized as frames 1,2,3, whda¢a” and
“saxs” can be replaced by any common sequenceasfcters. Consequently, 1.dat, 2.dat, 3.dat woelld b

acceptable, but abcl.dat, qrs2.dat, xyz3.dat wooidbecause the prefix characters are not common.
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dependent signal. The type of detector can betselend its calibration constant entered in theygop

window that opens when pressing "Concentrationotiete

US-SOMO: SAXS HPLC <3>

Ihomefultrascan/HPLC_SAXS/BSA

500

1080 of 1080 files selected -

I{t) [a.u.]

Produced Data
/home/ultrascan/HPLC_SAXS/BSA/I_t/
—TqurrreT

BSA_20_HPLC_It_q0_272494
BSA_20_HPLC_It_q0_272745
BSA_20_HPLC_It_q0_272997
BSA_20_HPLC_It_g0_273248
BSA_20_HPLC_It_q0_273499
BSA_20_HPLC_It_g0_273751 100
BSA_20_HPLC_It_q0_274002

BSA_20_HPLC_It_q0_274254

BSA_20_HPLC_It_g0_274505 ZI

0 of 1080 files selected

T T T T T T T T T T T T T T T T T T
Eile 50 100 150 200
FRemoved BoA_ 20 NPLC 107 7| Time [a.u.]

Removed BSA 20 HPLC 106

Removed BSA_20 HPLC 105

Removed BSA_20_HPLC_104
Removed BSA_20 HPLC 103

Removed BSA_20_HPLC_102

Removed BSA_20_HPLC_101

Removed BSA 20 HPLC 100

Removed BSA_20 HPLC 10
HPLC_1

Removed BSA_20

Figure S13  The BSA HPLC-SAXS data shown in Fig. S12 after¢farmation to a series &(t) vs. t

chromatograms for eachvalue.

In Fig. S13, the origind(q) vs. gqdata of Fig. S12 have been transformelftjoss. tdata (theg values are
part of the resulting filenames). Some croppingraens (see below) were also performed to remevg v
noisy lowq datasets, followed by display rescaling. All operas are recorded in the bottom left panel. The
file names of produced data are shown in the Pextiiata panel to the centre-left, and can be ssleuid
saved to files using the appropriate buttons beéioW@imilar” will search for similar file names tfr
selecting a single file in this panel; “Show” waltld the selected file to those shown in the graphiodow,
while “Show only” will remove other files from thgraphical display. Two types of files can be praztijc
csv-style ("Save CSV") or regular 3-columns .disfi("Save™).

Below the graphics display window are all the comdsafor performing baseline analysis and Gaussian
decomposition of thit) vs. tdata. At the bottom of the panel are located es@f buttons for graphics and
selection control. “Select visible” will selectdd shown in the graphics window, which can be zabosing
the mouse (left click). For instance, this is acfical way of selecting only a few files, by zoomion a
region where only them are present, or of remotiegn by pressing the “Remove visible” button. “Crop
common” will crop all selected files so that thegvbk identicak-axis values by dropping points outside of

the union of all selected filefsaxis values, while “Crop Visible” will remove whigt shown in the graphics
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window. “Crop Zeros” will remove data having zemonggative values in the intensity columns
(discouraged: a warning panel will pop-up, askimgwiser whether she/he really wants to proceedpg'C
Left” and “Crop Right” will remove one point on theft or right of the selected data, respectivalindo”
will undo the last operation. “Legend” will turn delow the graphics window a display of the

correspondence between colours and filenames (atitatty disabled if the selected files &20).
-loix]

BSA_20_HPLC_It_q0_00504065
BSA_20_HPLC_It_q0_00529268
BSA_20_HPLC_It_q0_00554471
BSA_20_HPLC_It g0_00579674
B _HPLC_| 0604877
BSA_20_HPLC_It_q0_00630081
HPLC_It_q0_00655284

BSA 20 HPLC_It_q0_0070569
BSA_20_HPLC_It_q0_00730893 o 130

1of lﬂﬂa;ﬂes selected

I{t) [a.u.]

100

Produced Data
____/home/fultrascan/HPLC SAXS/BSA/I t/

e B

BSA_20_HPLC_It_q0_272494
BSA_20_HPLC_It_q0_272745
BSA_20_HPLC_It_q0_272997
BSA_20_HPLC_It_q0_273248
BSA_20_HPLC_It_q0_273499 504
BSA_20_HPLC_It_q0_273751
BSA_20_HPLC_It_q0_274002
BSA_20_HPLC_It_q0_274254
BSA_20_HPLC_It_q0_274505 ZI
0 of 1080 files selected

T
100
Time [a.u.]

202.073 R ]

File

[Removed BoA_Z0_HPLC_107 |
Removed BSA_20_HPLC_106

Removed BSA 20 HPLC 105
Removed BSA_20 HPLC 104
Removed BSA_20_HPLC_103
Removed BSA 20 HPLC_102
Removed BSA 20 HPLC_101
Removed BSA_20_HPLC_100

Removed BSA_20_HPLC_10
Removed BSA_20 HPLC 1 Ae CropiGammon) Crop Vis: Crop Zeros Crop) Lef:

OGNS,

Figure S14  Baseline setting in the HPLC-SAXS module. The neredaseline is presumably due to the
accumulation of aggregated material on the capillalls, due to X-ray irradiation.

After visual inspection of thKt) vs. tchromatograms, baselines can be defined, if neédsthgle
chromatogram is first selected (a compromise betiégh intensity and low noise works best), anchttiee
“Baseline” button is pressed. This superimposdhdselected chromatogram six vertical lines (Bityd),
three for each side. The two magenta lines on si@ehdefine the beginning and end, respectivelyhef
chromatogram regions over which the data are aedragset the beginning and end of a baselinerddhe
lines define instead the beginning and end poiftiedata to be subjected to the baseline coomclihe
positions of the six lines are shown in the sixdgo the right of the “Baseline” button, with the
background colour-coded accordingly. By clickingemath field, the corresponding line can be movedsac
the chromatogram using the gray-shades bar-whele¢ dbp. The actual baseline is shown as a grasimed
line, while the two orange dashed lines show theds of linear regression done on the regions delinby
the two couples of vertical magenta lines. Idedlg, orange lines should come as close as possitite
green line. Once a reasonable baseline has beed,fpressing “Keep” will keep its parameters (aliand
end points, slope) for further operations. “Caneelf remove them and revert to no baseline. ltest to
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then select one by one a few other chromatograchpress “Baseline” again to see how the choseimgstt

perform for other datasets. If necessary, therggitan be modified and replace the initial ones.

US-SOMO: SAXS HPLC <3> Ei =] _?ﬂ

T Lock Jhome/ultrascan/HPLC_SAXS/BSA

-

=3

=}
1

It) [a.u.]

Produced Data
/home/ultrascan/HPLC SAXS/BSA/| t/Baselines/

BSA_20_HPLC_It_q0_272745-b1-0_012759364-0_87373455s
BSA_20_HPLC_It_q0_272997-b1-0_013400818-0_954870485
BSA_20_HPLC_It_q0_273248-b1-0_0093342178-1 81668085
BSA_20_HPLC_It_q0_273499-b-0_0046311245-1 01704645
BSA_20_HPLC_It_q0_273751-bl-0_0024754015-0_029707925

50 | S

BSA_20_HPLC_It_q0_274002-bl-0_0081068064-0_833214045
BSA 20 HPLC_It_q0_274254-bI0_000946118-0_ 501156785
BSA_20 HPLC It g0 274505-bI0_015066761-4_0335777s _|j
4l | »

0 of 2154 files selected

File

ot o USSR e = Time [a.u.]
Removed

BSA_20 HPLC_ It q0_00327642-bl1_1110106-93 7535935 e ahi o 202.072 |
Removed ] -

BSA_20_HPLC__It_q0_00302439-bl1_3616211-113_36263s
Removed

BSA 20 HPLC It q0_00277236-bl1_5052517-147 507295
Removed

BSA 20 HPLC It q0_00403252-bl0_71973599-33 8836085

~ Crop Vis ros | Coplet |

Figure S15  Set ofl(t) vs. tchromatograms after baseline subtraction.

After selecting multipld(t) vs. tchromatograms, the baseline parameters thus séecapplied to all curves
with concurrent subtraction of each baseline bggirg the “Compute and subtract baseline” butten (s

Fig. S15). The initial and final points used in thaseline subtraction are added to the filenanbeof
produced files. If Gaussian analysis is not realjieeseries of{(q) vs. gframes can be re-created at this stage

from the baseline-corrected data by pressing thakévi(q)” button.

Before proceeding to Gaussian analysis, a sindlesvdecomposition (SVD) analysis could be useful. |
SVD analysis, the number of significant singulauea in the decomposition should be equal to thebar

of components in the data, and thus to the minimumber of Gaussians required to accurately reaststr
the data. A single SAS experimental dataset i<aflyi represented dj), whereq is a grid oi{q}inll

points. A sequenc{t}rj':1 of n1(g);; on the same-grid can be assembled intorex n matrix| = [I;] =
1@y 1 @2, -5 1(Q)in)]- Each column of contains ar(q) curve for a specifitand each row contains an
I(t) curve for a specifig. If standard deviations of the experimental datasavailable, these can be
analogously placed in a mat®xIf a synchronized concentration dataSg) is available, it can be added to
| as an additional row.

In a SVD analysis, if is the matrix containing the original data, then:

| =USV (S6)
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whereU is an orthogonah x m matrix, Sis a diagonain x n matrix, andV' is an orthogonat x n matrix.
The elements of the diagonal$&re the singular values. Reconstructing an appratkon of the matrix
proceeds by setting some diagonal elemen&tofzero, forminds'and performing the multiplication

I' =US'V (S7)

US-SOMO: SAXS HPLC 5VD <2> __|E||£|

7000 4 %

6000 — &

5000 —{

Process

4000 -5

Singular value list:
8537 32.0977 23.1272 18.0691 13.8786 10.3961 ﬂ
555.078 31.8811 22.8702 17.8223 13.7868 10.2184
208.485 31.4548 22.8555 17.7443 13.7016 10.1813

Singular values

3000 -{ &

168.961 31.1145 22.5872 17.658 13.5857 10.0474 =
137.714 30.9599 22.4335 17.5562 13.5036 9.94657
118.103 30.6789 22.3897 17.471 13.3959 9.89145 LI 2000 4

L

1000 .

Messages

Eile

Making I(t) for source Original data
Done making I(t) for source Original data 0—'= L -
I T T T T T Tl
1 10 100
Number (log scale)

SVD: matrix F created, computing VD

Figure S16  SVD performed on a baseline-corrected BSA dataketying the SVs plot.

SVD can be performed either on the original ortuntiaseline-subtracté@)) vs. qdata or subset of data (if
significant baseline drift occurs, the SVD will tity fit also that part of the signal). After selagtthe data,
the “SVD” button will open a new window (Fig. S1@he top left box labelled “Data files” will contaa

list of the data set in an expandable format. Tist $et will be labelled “Original data”. Openitige item

will show its contents, “I(q)” and “I(t)", which ¢abe further expanded to show/select the individuares

in the data set. When a selection is changed frbat ¥8 currently plotted, the button “Replot” wikkcome
active; pressing it will refresh the plot displ@ar example, selecting “Original data” at the tepdl and
pressing “Replot” will plot the entire dataset, buaty in thel(q) or I(t) mode. The “Show I(t)” or “Show
I(g)” toggle button below the plot window will shatel(t) vs. tor I(q) vs. qview of the data and
automatically replot. The “Color” button will roathe plot colours based upon a pre-defined palékten a
single data set or sub-selection of individifg) curves from a single dataset are selected andahe p
window is inl(q) mode, the “SVD” button becomes active. PressingD3SWill compute the singular value
decomposition (Lawsoet al. 1995). The singular values (SVs) will be sortedéscending order and placed
on the screen in the “Singular value list”. Thetbat‘Plot SVs” activates and will plot the SVs hetplot
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area by default in a lineas.log scale (Fig. S16). The axes scales can bedddigtween logarithmic and
linear by pressing the “X” or “Y” buttons below tipdot area. The “Save SVs” button will save the $a
file. Giving the filename a “.csv” extension wiktsult in a comma separated output, otherwise, utpub

will be “TAB” separated. Selecting any set of Svighe “Singular value list” will activate three neor
buttons: “TSVD reconstruction”, “Individual TSVDceen.” and “Incremental TSVD recon.”. Pressing
“TSVD reconstruction” will generate a new datasethe “Data files” section consisting of the
reconstruction of the data based upon the sel&¥asd TSVD means a truncated SVD reconstructiongAst
et al. 2005), which formally should be computed on theatically highest SVs, but here we are using the
term loosely, to mean reconstruction on any sutiisite SVs. The resulting dataset can be selected,
expanded and/or plotted identically to the origidala. Expanding the TSVD data will show “I(q)"(t)I’,
“SVs used” expandable subsections and also themeah squared deviation over the number of points

(RMSD) of the expansion and the name of the reterelataset for the reconstruction.

US-SOMO: SAXS HPLC 5VD <2> [ =3 x|

Data files

Source | S
Cl-Original data
=3 l)] 150
B- ()

SVD Inc. reconstruction 1 5Vs 8537

SVD Inc. reconstruction 2 SVs
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Done making Iit) for source TSVD Inc. reconstruction 4 5V's o Ze+04 de+04 Ge+04 Be+04 1e+05 1.2e+05
Making I({t) for source TSVD Inc. reconstruction 5 SVs

Done making 1it) for source TSVD Inc. reconstruction 5 SVs ¥ Residuals [" By percent

Making I(t) for source TSVD Inc. reconstruction 6 SVs
Done making Iit) for source TSVD Inc. reconstruction 6 SVs
Done TSVD recanstruction -

Figure S17  SVD incremental reconstruction of the BSA datasegithe first three SVs. The residuals

[ Reverse I Reference I~ Group

are plotted in a linearly contiguous manner (“Grocipeckbox not selected).

When a single or an incremental TSVD reconstruasselected, the “residuals” checkbox under tiog¢ pl
appears (see Figs. S17-S18). Pressing this cheekigiot the residuals of the reconstruction trse
reference dataset in a new plot area below the plairarea. When residuals are displayed, additiona
checkboxes will be available under the plot. Thaskide “Use SDs”, which turns off division of the
residuals by the SD of the reference dataset alhaotibe available for data without SDs; “By pante

which displays the differences by percent; “Revewdgich reverses the Y-axis around zero; “Referénce
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which toggles the display of the reference dathénmain plot window; and “Group”, which toggles
grouping of the residuals in a superimposed oalilyecontiguous manner (see Figs. S17-S18). Thut
“Individual TSVD recon.” will take the selected S¥rd produce a TSVD reconstruction for each value
selected individually, resulting in multiple TSVBaonstructions in the “Data files” section. “Incremtal
TSVD recon.” will take the selected singular valaesl produce a TSVD reconstruction for the firdtga
selected, then for the first and second valuegstleetc., until all the selected values are hetlin a
reconstruction, again resulting in multiple reconstions in the “Data files” section (Figs. S17-518

US-SOMO: SAXS HPLC SVD =2> By =13l x|
Data flles
200
Source I
E- Original data
lq) 150

B I(E)
- TSVD Inc. reconstruction 1 SVs 8537
E-TSVD Inc. reconstruction 2 5Vs

-
=)
o

TSVD Inc. reconstruction 3 SVs

28 TSVD Inc. reconstruction 4 SVs

E-TSVD Inc. reconstruction 5 SVs
TSVD Inc. reconstruction 6 5Vs

I(t) [a.u.]

w
=]

o

T T
50 100 150 200
Time [a.u.]

Process

Singular value list:
32.0977 23.1272 18.0691 13.8786 10.3961 ﬂ
31.8811 22.8702 17.8223 13.7868 10.2184

31.4548 22.8555 17.7443 13.7016 10.1813
31.1145 22.5872 17.658 13.5857 10.0474
30.9599 22.4335 17.5562 13.5036 9.94857
30.6789 22.3897 17.471 13.3959 9.89145

20 B

=
(=1
1

delta 11(t)
o
1

204!

Messages
File 20 -|®
Making lit) for source TSVD Inc. reconstruction 4 SVs ﬂ T T T T T T — T T T T T T T T T T T T
Done making lit) for source TSWD Inc. reconstruction 4 5Vs 50 100 150 200
Making lit) for source TSVD Inc. reconstruction 5 SVs
Done making lit) for source TSVD Inc. reconstruction 5 SVs ¥ Residuals. I By percent

Making I(t) for source TSVD Inc. reconstruction 6 SVs
Done making Iit) for source TSVD Inc. reconstruction & 5Vs
Daone TSVD reconstruction

" Reference ¥ Group

Figure S18  SVD incremental reconstruction of the BSA datas@githe first four SVs. The residuals
for each curve are plotted superimposed (“Grougtkbox selected).

Once an individual or incremental reconstructiooamputed, the buttons “Plot RMSDs” and “Save
RMSDs” activate, allowing plotting and saving armgaas to the “Plot SVs” and “Save SVs” mentioned
previously. Finally, any reconstructed datasetlmaadded to the US-SOMO/HPLC-SAXS module by
selecting and pressing the “To HPLC window” buttNiote only thd(q) or I(t) data will be added
depending on the plot mode.

As an example, suppose one wants to determineutnber of components present in a sd{@f curves.

After bringing them into the SVD module as desalibbove, the SVD can be then computed. By looking a
the SVs plot, one can evaluate that at most N fangralues seem reasonable to reconstruct theelatse
would then select the numerically largest N vaingte SV list and run an incremental reconstrurctio
Subsequently, each reconstructed dataset couldropazed by RMSD and visually to determine the ¢ffec

of adding additional singular values to the recartsion to assist the determination of the minimumber
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of singular values required to accurately recomstihe original data. Another check would be to thm
individual reconstruction on the same set of setibsingular values and inspecting the individushskets
visually (preferable vi#(t) plots) to see if there seems to be signal preseetonstructions past a minimum
number of singular values. In this way, the US-SOMRELC/SVD module can be used to approximate the
number of independent components present in a HXp&rimental dataset or even a concentration series

Given the matri® containing columngof I1(q) and rowg of I(t), the principles of Gaussian analysis can be
schematized as follows.

Single curve fitting:

Pick a row of | and define a set @f Gaussian {GL (t)}kp:l, with amplitudeaL , centresbli( , and widthscL :
Then:
_{t-n
Gi(t)=de 2%/ (S8)

In US-SOMO/HPLC, we let the user visually place d:betresb,i( , and subsequently provide several

methods for fitting (see below) by minimizing over,general, B variables aL , b|'< and CL:
i 2
> j [(Zk Gy (t; ))' li (S9)
or in the case thatj:S; # 0 (.e, i" row of Shas no zero elements):
: 2
5 [ cien)-n (S10)
i S

In the program, there are options to fix a combamaof individual Gaussian curvé&samplitudes, centres

b, and widthsc, which would result in fewer thap3rariables during the minimization. Constraints, in
percentage from previous value or from the ini&lue, are also available fayb, andc.

Global Gaussians:

In the US-SOMO program, entering the “Global Gaarssimode does a fit of the preset single curve
{G,i( (t)} against every cunve= 1, ...,m, keeping the centrésand widthsc fixed. This provides an
initialization of the amplitudea for all curves as a starting point for globalifit or for refinement/
extension to other datasets a previous globahdjttin a subset of data.

Global fitting:

Given a{GL (t)} for a specific row =1 from the result of a single curve fitting, one cobally fit over the
amplitudes aL by utilizing common centre b|'< = bl'< fori ={1, ...,m; i #1}, and common WidthscL = CL
fori = {1, ...,m; i #1}, and then doing a global minimization over fiva+ 2p variables aL, b|'< CL, again
using egs. S9-S10. Global fitting is currently oalyailable with Levenberg-Marquardt minimizatiomtioe.
As in the single Gaussian fitting, there are ogitmfix a combination of individual Gaussian cugke
amplitudesa, centred, and widthsc, which would result in fewer variables during thelimization.

Constraints, in percentage from previous valuganfthe initial value, are also available &b, andc.
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US-SOMO: SAXS HPLC <3> =1of x|

" Lock Jhome/ultrascan/HPLC_SAXS/BSA 200 —{ BT e TS PO SO S EEt PR SOt EEEE PR SERPEE SEEE SETEE REEE EERREE PEREEr CRRe :

- Adaliiles Similar GarneEnt 5|
BSA_ZU_HPLL_IT_U_UUS0UA0U05-DIU_380 -70 0
BSA_20_HPLC_It_q0_00529268-bI0_37623080-19_ 5992585
BSA 20 HPLC It q0 00554471-bl0_29944983-22 912665

BSA 20 HPLC It q0_00579674-bl0_24674086-22 9372085

BSA 20 _HPLC It q0_00604877-bl0_21261747-21 288203s

BSA_20_HPLC_It_q0_00630081-bi0_17133173-22_619671s
BSA_20_HPLC_It_g0_00655284-bI0_15398326-20_5068655 150 | SEEEE

BSA_20_HPLC It q0_00680487-bl0_15658648-14 9999165

_00730893-bI0_087172558-16_0966295 =
i B

1 of 658 files selected

=

=)

=1
1

SMGoH

I(t) [a.u.]

Produced Data

Jhomefultrascan/HPLC_SAXS/BSA/Guinier/

BSA_20_HPLC_It_q0_168057-bI0_0012414634--0_69547141s
BSA_20_HPLC_It_q0_168309-bI0_0017060878--0_654166245 50 | .
BSA_20_HPLC_It_g0_168561-bI0_0011767864-0_33027344s
BSA_20_HPLC_It_g0_168813-b0_0026405461-0_662019265
BSA_20_HPLC_It_g0_169065-bI0_0045953619-1_0905937s
BSA_20_HPLC_It_q0_169317-b0_0037084981-0_775369665 : : i : :
BSA_20_HPLC_It_q0_169568-b1-0_00060260333-0_14151472 | st i St e B }
BSA_2D_HF’LC_It_q0_1ﬁQSZ-bI-D_0033320658—0_31914394? i |
3

0 of 658 files selected

Sal=gecil (AVET

: - T T | - T - - : - - -
50 100 150 200
Time [a.u.]

BSA_20_HPLC_It_q0_170827-bl-7_801355e-05-0_20852926s
Removed
BSA_20_HPLC_It_q0_170576-bl0_00008824172--0_64005811s
Removed

BSA_20 HPLC_It_q0_170324-bl-0_00011834924--0_42200859s
Removed
BSA_20 HPLC_ It q0_170072-bl-0_00086147641--0_ 0376768695

Figure S19 Initial Gaussians positioning.

The baseline-subtracted data can be subjecteduss@a analysis by first selecting a single chrogam,
and then pressing the “Gaussians” button. If aiptesly-generated set of Gaussians was presenadetb
from file, the Gaussians will show up under thekfgptogether with vertical lines indicating the@ntres.
“Clear” will remove them, and allow to start a nanalysis. Each time the “New” button is presseuew
Gaussian will be added (green colour), with preegsetre, width and amplitude shown in the threbtrigst
fields. By clicking on each field, and then usihg gray-shades bar-wheel, each Gaussian can kseatijo
initialize the process (usually, only the centresdhto be positioned under the peaks). Clickintheri<”
and “>" buttons will toggle among the Gaussian préswhose identifying number is shown in the field
between them. The active Gaussian is identified magenta vertical line positioned at its centria)ewblue
lines are used for the others. The limits for thalgsis of the chromatogram are shown with twoiealtred
bars, whose position is shown in the two red-bamkgd fields at the left of the “Make result curvésitton
(Fig. S19). Once the initialization is completetggsing the “Fit” button will bring up a window doaolling
the fit procedure, shown in Fig. S20.

The first three lines in the fit panel control tentres, widths, and amplitudes of the Gaussiarse&ch of
these parameters, it is possible to fix them tanhi@l values (checkboxes on the left side),maliow a %
variation (default: 5%) from either the initial vas (if the rightmost checkboxes are selectedpasedh on

each cycle of iterations-generated values. It ssjibe to also individually fix each Gaussian bigstng the
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corresponding checkbox on the “Fix Gaussians” lihe;program will automatically present as many
checkboxes as are the input Gaussians. The “Ep$i@d controls the step used in computing thecoite
derivative, gradient or Jacobian. The number aattens/cycle is set in the “Iterations” field (deft: 100),
while the “Maximum calls” controls the attemptsingprove at each stage of the minimization.

- US-SOMO: SAXS Hplc: Gaussian Fit ] z|0O] x|

US-SOMO: SAXS Hplc: Gaussian Fit

I™: Fix Gaussian centers: [~ % variation ™ From initial value

[T Fix Gaussian widths [T % wariation 5 [~ From initial value

[T Fix Gaussian amplitudes [T % variation 5 [ From initial value

Fix Gaussians: o i3

Epsilon: | 0.000110713

Iterations: | 100

Maximum calls: 100

Restore to initial values, Wrdo

Figure S20  The Fit panel controlling single and global fit opons.

Several fitting algorithms are available througlidated buttons: Levenberg-Marquardt (LM), Gradient
Search Steepest Descent (GS SD), Gradient SearefsénHessian (GS IH), and Gradient Search Corgugat
Gradient (GS CG). When initially fitting a singleromatogram, normally a first iteration cycle isfpemed
with the centres fixed, and then a second is safftavith no constraint or with a restraint on reak

centres from initial values (default 5%) to fing@od set of Gaussians. The resulting Gaussiansgpaieted

in the graphics window, and their sum is shown dashed yellow line, so that the goodness of theafi

also be graphically assessed. The RMSD of the itdo updated continuously in its main panel fi¢hke
“Restore to initial values” and “Undo” buttons areailable to restart the fit procedure from theibemg,

or to undo the last operation, respectively. “Clag#l close the Fit window when a satisfactory ifit

obtained. A typical result is shown in Fig. S21.

Back to the main window, the “SD” checkbox will@al the use of the errors present in the origintd tia
weight each point in the fit (this applies to evétypperation, if selected). If some datasets hea® or NaN
values for one or more SD values, a pop-up menapear listing all the files presenting this gesh, and
with how many occurrences. The user can then seédateen three options: drop the datasets congpinin
these non-positive SDs; drop just the frame (oe}ipoint missing the positive SD(s); or not use SD
weighting. The “Eq. width” checkbox, which cannet éheselected in non-expert mode operation, will
instead either keep fixed the width of the Gaussianen doing global Gaussians, or optimize also the

common widths of each Gaussian family forcallalues when doing a global fit.
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00 TSSAT-76_ 071058
BSA 20_HPLC_It q0_00529268-bI0_37623089-19 5992585
BSA_20_HPLC_It_q0_00554471-DI0_29944983-22_912665
BSA 20_HPLC_It q0_00579674-bI0_24674086-22_937208s
BSA 20_HPLC_It q0_00604877-DI0_21261747-21 2882035
BSA 20_HPLC_It q0_00630081-bI0_17133173-22 619671s
BSA 20_HPLC_It q0_00655284-bI0_15398326-20_5068655

It_q0_00730893-bI0_087172558-16_0966295 =
»

1 of 658 files selected

=
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1(t) [a.u.]

Produced Data
Jhome/ultrascan/HPLC SAXS/BSA/Guinier/

BSA 20_HPLC_It q0_168057-DI0_0012414634-0_69547141s
BSA_20_HPLC_It_q0_168309-bI0_D017060878-0_654166245
BSA 20_HPLC_It q0_168561-bI0_0011787864-0_33027344s
BSA_20_HPLC_It_q0_168813-bI0_0026405461-0_662019265
BSA 20_HPLC_It q0_169065-DI0_0045953619-1 09059375

BSA_20_HPLC_It_q0_169317-bI0_D037084981-0_775369665
BSA 20_HPLC_It q0_169568-bl-0_00060260333--0_14151472
ESA_ZD_HPLC_It_qu_lﬁQEZ—E\—D_D033320558—0_3191a3945—lj

»

0 of 658 files selected

SHow:

Elle

BSR 20 TPTC 00 I T IO TS oI 00029
Removed
BSA_20_HPLC It q0_170827-bl-7_8013556-05-0_298529265
Removed
BSA_20_HPLC_It_q0_170576-bl0_00098824172--0_64005811s
Removed

BSA_20 HPLC It q0_170324-bl-0_00011834924--0_422008595
Removed
BSA_20_HPLC_It_q0_170072-bl-0_00086147841--0_037676869s

o020 3098934

195.399

Figure S21  Final single-chromatogram Gaussians after fitting.
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_20_HPLC_It q0_00579674-DI0_24674086-22 9372085
BSA_20_HPLC_It_q0_00604877-bI0_21261747-21_288203s
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BSA_20_HPLC_It_q0_00655284-DI0_15398326-20_5068655 _ o(
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122 of 1480 files selected
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Wigth Colors
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1(t) [a.u.]

duced Data

{PLC_SAXS/BSA/|
BSA_20_HPLC_bs195 H
BSA_20_HPLC_bs196
BSA 20_HPLC bs197
BSA_20_HPLC_bs198
BSA 20_HPLC bs199
BSA 20_HPLC b5200
BSA_20_HPLC_ps201
BSA 20_HPLC bs202
BSA_20_HPLC_bs203
BSA 20_HPLC bs204

0 of 1479 flles selected

Eile

183.428817

rop Left: Unido;

TETE T T aRE T |
Gaussian 1: center 50.2036 height 17.9558 width 16.4695 area
741.274 % of total 13.3279

‘Gausslan 2: center 82.7907 height 47.5503 width 10.0564 area
1198.63 % of total 21.5511

Gaussian 3: center 125.007 height 174,924 width 8.26033 area
3621.91 % of total 65.121

NOTICE: Some files selected have Gaussians with varying centers

or widths or a different number of Gaussians or centers that do

not match the last Gaussians, these will be reset to the last (0

Gaussian settings =

Figure S22
selected files; SD weighting was selected.

125.007 8.26033 | 174.924398 Save

26

Global Gaussians results applying the parametersifon a single Gaussian to multiple
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These two operations can be done on multiple saldides once the initial single chromatogram Garss
are accepted by pressing the “Keep” button (“Cane#l reset them to the initial values). “Global
Gaussians” will simply find the amplitudes bediriigj all the selected chromatograms based on thieese
and widths found on the initial chromatogram. Ibést to first select only an equally spaced subisgata
by using the “Select every Nth” option availabldhie pop-up window appearing on pressing “Select”.

210 ]
US-SOMO: SAXS HPLC : Select curves
Complete list of data files Selected data files

NN Nl L L Pl R PP PP EPEL | [1: BSA 20 HPLC_ It q0_00428455-bl0_60022688-29 26524/«
: BSA 20 HPLC_It_q0_00453658-bl0_4589861-34 2888475 : BSA 20 HPLC_ It q0_00529268-bI0_37623089-19 59925
: BSA 20 HPLC_ It q0_00478861-bl0_42629086-31 76961 |9 :BSA 20 HPLC_ It q0 00630081-bl0_17133173-22 61967
: BSA 20 HPLC_ It q0_00504065-bl0_38688849-26 07105: |13 :BSA 20 HPLC_ It g0 00730893-bl0_087172558-16_096!
T el P A I E P EFEBEIEEEPE, |17 : BSA 20 HPLC_ It q0_00831706-bI0_056650221-10_ 966!
: BSA 20 HPLC_ It g0 _00554471-bl0_29944983-22 91266: |21 :BSA 20 HPLC_ It g0 00932519-bl0_017957195-11 066!
:BSA 20 HPLC_ It q0_00579674-bl0_24674086-22 93720: |25 : BSA 20 HPLC_ It g0 0103333-bl0_019834991-7 91575.
: BSA 20 HPLC_ It q0_00604877-bl0_21261747-21 28820, |29 : BSA 20 HPLC_ It q0_0113414-bIl0_0076032175-7 0670
T el e I RS EEIRE PPN |33 : BSA 20 HPLC It q0_0123496-b-0_0021201135-6_8329

T- BCA 20 HPILT I Al NNREREI2A_KRIN 1'7.?051:!!1E_')I"5 ENA T :l'I' sBSA 2N HPIT oAl NTIIETT RN I"\I"\'-‘.AR')"CICICI_E'\ A1a67T
3 4 3

165 of 1480 selected
Select every Nth

v PN -

6
¥
8

Select every Nth:
Starting curve offset: BSA_20 HPLC It g0 00428455-bl0_60022688-29 2652495
Ending curve offset: BSA 20 HPLC_ It q0_16982-bl-0_0033320668-0_31914394s
SelEEEAdatoTalY

Select by name

Name contains:

Select Additienally

Help | ' Quit . | Select in main window |

Figure S23  The select module with the “Select every Nth” optigilized. Pressing “Select in the main

window” will then perform the selection operatianthe main window.

At the end of the process, the graph will displasy¢ommon centres and widths of the resulting Gansss
vertical and horizontal bars, respectively (see BBR). The Gaussians can be saved to the cusieated
directory with the “Save” button (with extensioratggs.dat for Gaussians of single files and -mgadatstor
Gaussians of multiple files), and accepted with*Keep” button.

“Global fit”, which becomes available instead oé thrit” button once a series of chromatogram iecteld
and after at least an initial set of Gaussiansédgpted/loaded, will instead optimize all the cestand

widths of each Gaussian along all the chromatogtaraemmon values for each family of Gaussians. The
operation is controlled by the same pop-up "Fitiglas for the single chromatogram case (Fig. 320Q),
only the LM method is currently available. As tpi®cedure can be quite computationally intensivs, i
best to conduct it on a restricted number of chtograms (for instance using the same “Nth” fileshef
previous step), save and keep the results, ang #pph to all the chromatograms by pressing "Sellttt
and then “Global Gaussians”. The results of a dlbband their associated residuals can be seéigin

S24, while Fig. S25 shows the global Gaussiandtsesfier applying the global fit parameters founda
subset of data to all chromatograms. Fig. S26 slzosisgle decomposed chromatogram. Pressing the “3D

button will bring up a 3D plot of the data, allogirasier detection of potential fitting issues ([H87).
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u MO: SAXS HPLC <3>

Fhomefultrascan/HPLC_SAXS/BSA

_20_HPLC_It_g0_004536! . . s
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BSA_20_HPLC_It_g0_00579674-bI0_24674086-22 9372085
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165 of 658 files selected

Time [a.u.]

Produced Data
Jhome/ultrascan/HPLC_SAXS/BSA/Guinier/

BSA_20_HPLC_It_q0_168057-bI0_0012414634-0_63547141s
BSA_20_HPLC_It_q0_168309-610_0017060878-0_65416624s
BSA_20_HPLC_It_q0_168561-bI0_0011787864-0_330273445
BSA_20_HPLC_It_q0_168813-bI0_0026405461-0_662019265
BSA_20_HPLC_It_q0_169065-bI0_0045953619-1_09059375
BSA_20_HPLC_It_q0_169317-bI0_0037084981-0_775369665
BSA_20_HPLC_It_g0_169568-bl-0_00060260333-0_14151472
ESAizanLciltiqnilags2—b\—070033320558—073191439“—‘3

4| | 3 a4
0 of 658 files selected

delta I{q)/sd

T T T T T
File 50
TETOvET |

BSA_20 HPLC It q0_170072-bl-0_00086147841--0_ 0376768695 | Reverse
Gaussian 1: center 51.549 height 18.5043 width 17.7132 area
821.597 % of total 14.1975

Gaussian 2: center 82.0001 height 50.6511 width 9.69815 area HLISE: 3 i[E| B ’_ I 125.118 8.12114 183.428817

T T T T T T T T T T T T T T
100 150

¥ Use standard deviations

[~ By percent ¥ Group

1231.31 % of total 21.2775
Gaussian 3: center 125.118 height 183.429 width 8.12114 area

3734 % of total 64.5249 202.072 Gorpite)

4

Figure S24  Top panel: global fit results optimizing the paraens found with global Gaussians to
multiple selected files; SD weighting and equaltwidwere also selected. Bottom panel: the reduced
residuals for each chromatogram are plotted supesed to each other (“Use SDs” and “Group”
checkboxes selected).

US-SOMO: SAXS HPLC <3 | x|
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T
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Time [a.u.]
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Jhome/ultrascan/HPLC_SAXS/BSA/Guinier/

BSA 20 HPLC It q0_168057-bI0_0012414634-0_69547141s
BSA 20 HPLC It g0_168309-bI0_0017060878-0 654166245
BSA 20 HPLC It g0_168561-bI0_0011787864-0_33027344s
BSA 20 HPLC It 0_168813-bI0_0026405461-0_662019265
BSA 20 HPLC |t q0_169065-bI0_0045953619-1 09059375

BSA 20 HPLC It 0_169317-bI0_0037084981-0 775369665
BSA 20 HPLC It g0_169568-b1-0_00060260333-0 14151472
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»
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Gaussian 1: center 51.549 height 16.5043 width 17.7132 area : 180.48 _-I
821.597 % of total 14.1975

Gaussian 2: center 82.0001 height 50.6511 width 9.69815 area ’_ 125.118 8.12114
1231.31 % of total 21.2775

Gaussian 3: center 125.118 height 183.429 width 8.12114 area

3734 % of total 64.5249

T T
100 150 200

202.072

Figure S25  Top panel: global Gaussians results applying tmarpeters found on global fit to all
selected files; SD weighting and equals widths vedse selected. Bottom panel: the reduced residogls
each chromatogram are plotted superimposed toaheh (“Use SDs” and “Group” checkboxes selected).
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US-SOMO: SAXS HPLC <3>

BSA_20_HPLC_It_q0_00529268-bI0_37623089-19_599258s
BSA_20_HPLC_ It q0_00554471-bI0_29944983-22 912665

BSA 20 HPLC_It qO_00579674-bl0_24674086-22_ 9372085
BSA_20_HPLC_It_q0_00604877-bl0_21261747-21_288203s
BSA_20_HPLC_It_q0_00630081-bI0_17133173-22_619671s
BSA 20 HPLC_It q0_00655284-bl0_15398326-20_ 5068655
BSA 20 HPLC_It q0_00680487-bl0_15658648-14 9999165

=
©
=

BSA 20 HPLC_|

4

Jhomejultrascan/HPLC_SAXS/BSA/Guinier/

q0_
BSA_20_HPLC_It_q0_
BSA_20_HPLC_ It q0_
BSA_20_HPLC_It q0_
BSA_20_HPLC_It_q0_
BSA_20_HPLC_t_q0_
BSA_20_HPLC_It q0_
BSA_20_HPLC_It_q0_

T T
100
Time [a.u.]

Produced Data

168057-bI0_0012414634-0 695471415
168309-bl0_0017060878-0_65416624s
168561-bI0_0011787864-0 330273445
168813-bl0_0026405461-0 662019265
169065-bl0_0045953619-1_0905937s
169317-bl0_0037084981-0_775369665
169568-bl-0_00060260333--0_14151472
159827!}\—[}_0[}3332656H—D_319143945_|j

delta I(q)/sd

0 of 658 fil lected

T T T
0 50 100 150 200

Eile
TSR0 PLC U 170077 Bro Uouse [ree g s o s T
Gaussian 1: center 51.549 height 18.5043 width 17.7132 area [ Reverse ¥ Use standard deviations ™ By percent

821.597 % of total 14.1975
Gaussian 2: center 82.0001 height 50.6511 width 9.69815 area 5 .
1231.31 % of total 21.2775 | 3 i 125.117771 8.121136 181.715004
Gaussian 3: center 125.118 height 183.429 width 8.12114 area 7 7

3734 % of total 64.5249

Gaussians written as

i 195,399
BSA_20 HPLC_It q0_00428455-bI0_60022686-29_265249s-mgauss, = - -
»

Figure S26

Top: singlel(t) vs. tchromatogram with superimposed its final GaussiBotom: the

associated residuals.

File Color Font

ss@PrNa /| L0

- Polygon Offset Resolution
Std [ Lighting| 4 . 4
- |

Ortho
(Use Ctrl-Alt-Shift-LeftBtn-Wheel or keyboflrd) Legend
Autoscale
Mouse
Shading

Normals

H B E L =R

US-SOMO: SAXS Hplc: Gaussians : 123456 0.2.6 | [Cells 0 (0x0) | Angles (20,0 ,227) | Shifts (0.05,0 )| Scales (1,1 ,10)|

2|

Figure S27

A 3D plot of Global Gaussians. This interactivetmlan show any selected set of the Global

Gaussians over any collection of curves. The iaterfis fully interactive for rotations, scaling azabming
along with multiple display and save controls.utifization is helpful for visualizing the qualityf the

global fit.
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Each individual Gaussian is defined by three nusiktbée amplitude, width and centre. As such, threynat
"curves" in the sense of the loaded files, whiaghanllections of data points. Therefore, the Gaunsscan
not be visualized with the facilities of the prograutside of Gaussian or Global Gaussian modeslldw
the visualization of the Gaussians, the "Producas&ians as curves" button is provided which prosiuce
curves of individual Gaussians and their sum. Thavailable in either Gaussian or Global Gaussiades.
The resulting curves are collections of data pdimas can be visualized outside of the Gaussiaresiothe
Global Fit method requires a simultaneous fit btta selected curves. This is internally represe oy
joining all the selected curves along the time/eadimension to produce one long curve. Of couraeh e
curve is generally on the same time/frame axiseasg to maintain increasing time/frame numbensjesu
subsequent to the first one are placed into thegbcurve with an offset in time/frame. To visualihe
joined curve and the Global Gaussian fit to thagdicurve the "Make result curves" button is predid

This will create the joined curve along with thingd Global Gaussian fit as a pair of curves that lne

visualized outside of the Global Gaussian mode.

US-SOMO: SAXS HPLC <3>

I Lock J/home/ultrascan/HPLC _SAXS/BSA

SimilEr
50

roram U TOB0I T O UUT 7S T80 39U 0955 T IS 15
BSA_20_HPLC_It_0_168309-bI0_0017060878-0_654166245
BSA_20_HPLC_It_q0_168561-bI0_0011787864--0_33027344s
BSA_20_HPLC_It_q0_168813-bI0_0026405461-0_662019265
BSA_20_HPLC_It_g0_169065-bI0_0045953619-1 09059375

BSA_20_HPLC_It_g0_169317-b0_0037084981-0_775369665
BSA_20_HPLC_It_q0_169568-bl-0_00060260333-0_14151472
BSA_20_HPLC_It_g0_16982-bl-0_0033320668-0_31914394s

BSA 20 280 frame

I(t) [a.u.]

Produced Data
/homefultrascan/HPLC_SAXS/BSA/| t/Baselines/Gaussians/

BSA_20_HPLC_It_q0_168309-bI0_0017060878-0_654166245
BSA_20_HPLC_It_q0_168561-bI0_00117687864--0_330273445
BSA_20_HPLC_It_g0_168813-bI0_0026405461-0_662019265
BSA_20_HPLC_It_g0_169065-bI0_0045953619-1 09059375

BSA_20_HPLC_It_g0_169317-b0_0037084981-0_775369665
BSA_20_HPLC_It_q0_169568-bl-0_00060260333-0_14151472

BSA_20_280_frame-rp0_27903249
4]

BSA_20_HPLC_It_q0_16982-b1-0_0033320668-0_31914394s
=
| »

0 of 659 files selected

Aemove

Eile

Toaden |
from /home/ultrascan/HPLC_SAXS/BSA/Guinier/BSA_20 HPLC It q

loaded from /home/ultrascan/HPLC_SAXS/BSA:
SOLEIL HPLC time/uv format e 2y 125.117771

D|14.00| 102034
181.667

BSA_20_280_frame
Files loaded ok

Figure S28  Re-peaked concentration chromatogram (white) shogether with the targéft) vs. t

chromatogram (green).

If available, a concentration chromatogram deriviiragn UV or refractive index monitors can now be
processed. After uploading a suitable file with thdd” button, the first operation is to rescaleéatone of

the high intensity but relatively low-noi$g) vs. tchromatograms. This is done by selecting the tleg fi
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and pressing “Repeak”, which will bring up a smethdow asking to identify the target chromatogram (
case multiple were selected). The result of a emperation is shown in Fig. S28, and the scdhwetpr is
added to the concentration dataset filename. Adétgreaking, the concentration chromatogram usunaligt
be time-shifted to align its peaks to {® vs. tchromatograms using the “Timeshift on” button. Akgawo
files must be selected, one is the concentratite, tlze other belonging to thg) vs. tset (the file used for
re-peaking is normally used for this operation). g@ssing the “Timeshift on” button, a pop-up windwill
ask to select which chromatogram is the referenee Bhe alignment is then performed manually bty lef
clicking and moving the mouse over the grey-shade=e| bar below the graphics window until the two
chromatograms are best aligned. The value of thesthift is reported in the field next to the “Tirh#son”
button. “Cancel” or “Keep” will stop the operation keep the time-shifted data, respectively (FER)SThe
produced data will have the timeshift value addeitistfilename on saving. Pressing “Set concermandile”

will then associate the time-shifted data tol(bevs. tdata under analysis.

US-SOMO: SAXS HPLC <3>

Jhome/ultrascan/HPLC_SAXS/BSA

5 G700
BSA_20_HPLC_It_q0_168309-bI0_0017060878-0_65416624s
BSA_20_HPLC_It_q0_168561-bl0_0011787864-0_33027344s
BSA_20_HPLC_It_q0_168813-bI0_0026405461-0_662019265
BSA 20 _HPLC_ It q0_169065-bI0_0045953619-1 09059375
BSA 20 HPLC It g0_169317-bl0_0037084981-0 775369665
BSA 20 HPLC_ It g0_169568-bl-0_D0060260333-0 14151472
BSA 20 _HPLC_ It q0_16982-bl-0_0033320668-0 319143945

BSA 20_280_frame

I(t) [a.u.]

Produced Data
/homefultrascan/HPLC_SAXS/BSA/| t/Baselines/Gaussians/

BSA_20_HPLC_It_q0_168309-bI0_0017060878-0_654166245
BSA_20_HPLC_It_q0_168561-bI0_00117687864--0_330273445
BSA_20_HPLC_It_g0_168813-bI0_0026405461-0_662019265
BSA_20_HPLC_It_g0_169065-bI0_0045953619-1 09059375

BSA_20_HPLC_It_g0_169317-b0_0037084981-0_775369665
BSA_20_HPLC_It_q0_169568-bl-0_00060260333-0_14151472
BSA_20_HPLC_It_q0_16982-bl-0_0033320668-0_31914394s

BSA_20_280_frame-rp0_27903249 JZI
< | 3

0 of 659 files selected

Sefectall || Invert

T
Eile 150

Toaded nd Time [a.u.]

from /home/ultrascan/HPLC_SAXS/BSA/Guinier/BSA_20 HPLC It q

loaded from /home/ultrascan/HPLC_SAXS/BSA:
SOLEIL HPLC time/uv format | 125.117771
BSA_20_280_frame

Files loaded ok : gs GiE D|1400] 102083 |

181.667 195.399

Options:

Figure S29  Re-peaked concentration chromatogram (white) shedftem time-shifting superimposed to
the target(t) vs. tchromatogram (green). Note that the higher intgrdithe first peak on thit)
chromatogram (around frame 80) as compared tmth#ie re-peaked UV data is simply associated thih
higher mass of the dimer eluting under this peak.
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US-SOMO: SAXS HPLC <3>

I Lock fhomefultrascan/HPLC_SAXS/BSA/Guinier

 Adaliies Similar Gonieentretons,
B R

BSA_ 20 o100 DU UULTO0UB 56U
BSA_20_HPLC_It_q0_168561-bl0_0011787864--0_33027344s
BSA_20_HPLC_It_q0_168813-bI0_0026405461-0_662019265
BSA 20 _HPLC_ It g0_169065-bI0_0045953619-1 09059375
BSA 20 _HPLC_ It g0_169317-bI0_0037084981-0_775369665
BSA 20 HPLC It g0_169568-bl-0 000602603330 14151472
BSA 20 _HPLC_ It q0_16982-bl-0_0033320668-0 319143945

BSA 20_280_frame

27903249

I(t) [a.u.]

Produced Data
/homefultrascan/HPLC_SAXS/BSA/I t/Baselines/Gaussians/

BSA_20_HPLC_ It q0_168561-bI0_0011787864-0_33027344s
BSA_20_HPLC_It_q0_168813-bI0_0026405461-0_662019265
BSA 20 HPLC It q0_169065-bI0_0045953619~1 0905937
BSA 20 HPLC_It q0_169317-bI0 00370849810 775369665
BSA_20_HPLC_It_q0_169568-bl-0_D0060260333-0_14151472
BSA_20_HPLC_It_q0_16982-b1-0_0033320668-0_319143094s
BSA_20_280_frame-rp0_27903249
BSA_20_280_frame-rp0_27903249 _ts11_1 JZI
| »

0 of 660 files selected

Sal=arzlf

- : :
150
Time [a.u.]

Files loaded ok

loaded from /home/ultrascan/HPLC_SAXS/BSA/Guinier:
Gaussians for 658 files loaded
from /home/ultrascan/HPLC_SAXS/BSA/Guinier/BSA_20_HPLC__It_q0

52.353794 17.713174 7.275727 | Sa
AMSD: Maf ]

Gaussians written as
BSA 20 280 frame-rp0_27903249 ts1l 1l-gauss.dat

Figure S30  Concentration chromatogram after Gaussian fit.

The re-peaked, time-shifted concentration chromaragcan be now fitted with Gaussians (Fig. S30haus
for initialization the set derived from thé) vs. tchromatograms (note: it is mandatory that the sanmeber
of Gaussians be used for both the concentration(Bngs. tchromatograms). This is done by first selecting
only the concentration chromatogram and then prgs§saussian”, which will show the last Gaussians
used. Pressing “Fit” will then bring up the Fit wiow (Fig. S20) and an initial round is done by kegp
fixed both the position and widths. If necessamefamement can be done by keeping fixed the widths
determined from the SAXS data and allowing onlyrated shift to a % of the initial values (suggest2-
3%). However, if significant band-broadening ocdoesveen the concentration detector and the SAXS
capillary, the widths must also be re-optimizecakd broadening correction routine will be impleteenin
a future release. However, the agreement withvileentajor peaks in Fig. S30 shows that, at leasitercase
of this dataset, this is not a major issue. Thev&€3and “Keep” buttons must be then pressed testod
associate the resulting Gaussians to the concemtictiromatogram. On re-generating k@ vs. gframes
(see below), each concentration Gaussian peak®ithapped onto the correspondiftyjvs. tpeaks.

Every time that more than one chromatogram has figet with Gaussians, the “Make 1(q)” button
becomes available. Pressing it will produce a sarf§(q) vs. qcurves for each Gaussian peak for each
frame of the chromatogram on which the global opama have been carried out. An option panel iog:p

up window will allow several choices (see Fig. S31)
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. US-SOMO: SAXS HPLC : Make I(q) - 210] x|

US-SOMO: SAXS HPLC : Make 1(q)

i Resulting I{q) created as a percent of the original I{g) { if unchecked, I{g) will be created from the Gaussians )
¥ Create sum of peaks curves

[T Compute standard deviations as a difference between the sum of Gaussians and original 1{q)

¥ 10 standard experimental value (a.u.) : 5.4E-5
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 .65 .733

2 .65 733

3 .65 733

Duplicate Gaussian 1 values globally

Help Quit Make I{q) without Gaussians | Continue

Figure S31  Options available on saving the reconstrudfgyivs. gdata.

Since a non-zero baseline is usually due to spsisaynals, such as the accumulation of materighen
capillary walls during a chromatographic separatiiaseline back-addition after Gaussian decompaosii
not allowed in non-expert mode operation. The liasglare only added to the sums of Gaussians iy ver
that the original(q) vs. gframes have been correctly reconstructed (seevipelioa baseline was established
and subtracted, each produced dataset will be miavké “bs” to indicate that. Three options aregamet in
this panel. The first checkbox controls the prodii¢g) vs. qdata for each Gaussian point in each frame:
they can be saved as the actual Gaussian valas,a%o of the original data point based on eacls&iau
contribution to the fit (default option). The firgption (checkbox unchecked) produces smootfgdss. q
curves, while the second (checked) preserves ribguilarities present in the original data. The sdco
checkbox allows to check that the individual Gaassvill add back up reconstructing the origil{g) vs. q
curves. If checked, their point-wise sum can alsgdved, as either sum(l) (reconstructed values) an
sum(G) (pure Gaussians) curves. If baselines waadkished and subtracted, two sums will be prodiuce
without and with baseline back-addition. In allesasthe original errors associated with eldghvs. gpoint
in each frame will assigned %-wise to each poirtharesulting decomposé() vs. gcurves for each
frame. Alternatively (third checkbox), and onlythie % of the original data are chosen for savingpw set
of errors can be computed, and assigned %-wisado goint in the decompos#d) vs. gcurves, by point-
wise calculating the difference between the suth@iGaussians (with baseline added) and the otigina

curve. A normalization factor from a standard saniplbe associated with the data can be also drtere.

Finally, if a concentration chromatogram has alserbprocessed a calculated concentration can igmeds
to each of the resultinigg) vs. gcurves. This is done by entering an extinctiorffament (or adn/dqg for
each Gaussian. In addition, a partial specific r@ypsv) value, needed for the computation okide ,,,
<M/L>,,, and<M/A>,, by Guinier analysis in the main US-SOMO SAS modaosn be also entered here.
The concentration value will be used when the “Nalrpe” button is pressed after dataset selection.
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For clarity, a flow chart of the operations reqdifer the Gaussian decomposition or HPLC-SAXS data
presented below. To make the whole process lesbensmme, some of the steps which have been dedcribe

here will likely be streamlined in a future release

- | - First, select a single I(t) vs. t pattern with good intensities and not too noisy.

- on this single curve, select the desired number of Gaussians, roughly position them and refine their
centers, widths and amplitudes using the *Fit* button. Once a satisfactory fit is obtained, press *Keep*
to store the parameters (centers, widths and amplitudes).

- Il - Select a subset of I(t) vs. t curves (for instance every Nth curve) and initialize the Gaussian
parameters using the previously determined centers and widths (step I) and calculating the amplitudes
for each I(t) using the *Global Gaussians* button.

- Ill - Starting from the results of step I, determine the common center and width refined values that
provide the best global fit to the subset selected in — Il - together with the corresponding set of
amplitudes for each I(t) using *Global Fit*. Press *Keep* to memorize the parameters (centers, widths
and amplitudes).

- IV - Using the previously determined center and width values, calculate all amplitudes for each I(t)
using again *Global Gaussians*.

-V — Display all fits and residuals for evaluation. Accept the results by pressing *Save* to write these
parameters in a file for future retrieval, and then *Keep* to actualize the parameters (centers, widths
and amplitudes) for making back the I(q) vs g datasets. Otherwise, start a new refinement cycle from

step | or ll.

Finally, a tree-view of the US-SOMO SAS module vang is presented in Figure S32, below.

SVD
___———»| Search S

Concentration detector

! Data

= "m"mi___,_::::; _
= g (Gaussians and global Gaussians)

’ SAXS/SANS functions |

/ ~‘ " Guinicr options

US-SOMO

(main window)

‘-n_‘_‘r‘ /:(s computation options

Open options panel

Pull down menu

Configuration |

SANS computation options

System configuration

(set default program paths, fonts, button and background colors)
Curve generation options

Bead model options

Miscellaneous options

Figure S32 A general tree showing the arrangement of the USISGAS windows.
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