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S1. 2D spectra from the HyperSAXS

Figure S1: 2D SAXS data as represented by the Bruker SAXS NT software. (A) Milli-Q water subtracted the

transmission-scaled empty capillary scattering (600 s). (B) Raw glassy carbon data (600 s). (C) Polystyrene standard
raw data (100 s).

S2. Recent upgrades of the rotating-anode-based SuperSAXS instrument (Pedersen, 2004)

The old SAXS instrument at Aarhus University, which is the original proto-type of the NanoSTAR U
instrument of Bruker AXS, has been upgraded several times since it was described in the publication in 2004
(Pedersen, 2004). The filament of the rotating Cu anode source was changed to a 0.1 X 1.0 mm? filament
and the power was at the same time reduced to 0.99 kW (22 mA and 45 kV) in 2003-2004. At about the same
time, a semitransparent beamstop with a similar design as described for the HyperSAXS instrument was
installed. For the cupper-based (Cu K, = 8.05 keV) source, the optimal attenuator material is nickel (Ni),
which has the absorption K-edge at 8.33 keV. A scatterless octagonal slit was introduced in 2010 and a flow-
through cell was installed in 2013. The instrument has relatively short standard Gébel mirrors and the first
pinhole is therefore a @ 1.0 mm pinhole, whereas the second scatterless slits has dimensions similar to the one
in the new instrument (1.52 mm diagonally and ~1.40 mm between opposite jaws). The distance between the
pinhole and slits is 1410 mm, the sample-to-detector distance is 640 mm, and the beamstop size is @ 3.0 mm.
For this configuration and power of the source, the flux at the sample position is 1-2 X 108 ph's'1, i.e. about
10 times higher than for the originally reported 3-pinhole collimation. The latest upgrade is the installation of
a VANTEC-500 detector (Bruker AXS) in January 2017.
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S$3. Materials and methods for additional samples

S3.1. Bovine serum albumin

Heat-shock fractionated bovine serum albumin (BSA) = 96% (A3912, Sigma-Aldrich) was solubilized in
phosphate-buffered saline (PBS) buffer, 20 mM phosphate, 50 mM NaCl, pH 7.4 at a concentration of
0.84 mg mL!. The freshly prepared sample was measured at 20 °C.

S$3.2. Low-density lipoprotein particles

A far more complex protein-containing sample is also included, data from (Maric et al., 2017). Purified low-
density lipoprotein (LDL) particles pooled from three healthy patients were solubilized in 25 mM Tris,
150 mM NaCl, 0.5 mM EDTA, pH 7.4 buffer. The LDL solution was measured in a temperature scan
at: 5,10, 15, 20, 25, 30, 35, 37, and 40 °C and exposed for 1200 s at each temperature step. The total protein
concentration (in the outer shell of the particles) was estimated from Bradford assay to: ¢pror = 0.4 mg mL1,
The LDL particles, however, additionally consist of various phospholipids (mainly phosphatidylcholine (PC)
and sphingomyelin (SM)), cholesteryl esters, and triglycerides.

$3.3. PEG polymer solution

Poly(ethylene glycol) (PEG), M,, = 4,600 g mol* (373001, Sigma-Aldrich) was dissolved in Milli-Q water
at a concentration of 1.0 wt% at room temperature and left for equilibration. The polymer sample was

measured at 20 °C for 1800 s with Milli-Q water as background.

S4. Results

Bovine serum albumin was fitted with the in-house program WLSQ PDBx, now with an added cluster
structure factor where a dimer fraction was included in the PDB model fitting to account for the known possible
disulfide-bonded dimers forming in BSA solutions (Jordan et al., 1994; Svergun & Koch, 2003; Rombouts et
al., 2015; Morishima et al., 2020); see Fig. S2). The BSA data showed clear deviations from pure monomer
scattering, however, including a dimer contribution allowed for proper fitting the logarithmically binned data
with the crystal structure, 4F5S (Bujacz, 2012), of BSA with a y? = 0.78. The monomer/dimer fraction was
estimated to 73.6% monomers and 26.4% dimers with a center-to-center distance for the monomers within
the dimers of 61.6 A. CRYSOL was intentionally used “inappropriately” to perform a monomer structure fit

to show the discrepancy from the monomeric state for this sample, y? = 2.93 (no constant added). This sample
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would need a size-exclusion chromatography (SEC) purification step for separation into monomers and dimers

before using it as a true monomer protein standard.
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Figure S2: Experimental SAXS data for a standard low-concentration (0.84 mg mL, pH 7.4) bovine serum albumin
(BSA) protein solution at 20 °C with 600 s exposure time (blue dots with error bars), data logarithmically binned. Fits
to crystallographic monomer model (inset) calculated using CRYSOL, no constant added (black dashed) and in-house

WLSQ PDBx, constant added with a dimer-cluster structure factor contribution (red line).
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Figure S3: Experimental SAXS data for low-density lipoprotein solutions at pH 7.4 with an estimated total protein
concentration: Cpror = 0.4 mg mL?!, 5-40°C, and 1200 s exposure time (open circles with error bars). Core-shell

superellipsoid of revolution with internal layering model fits to data (red lines). Data and fits according to (Maric et al.,

2017).
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The non-re-binned feature-rich SAXS spectra of the LDL particles were fitted with the model of a core-shell
super-ellipsoid with a lipid core and internal cholesteryl ester layering from (Maric et al., 2017), Fig. S3. A
temperature scan on the same sample was performed in order to follow the reversible melting of the internal
layered structure and the following overall shape transition of the particles. Shape parameter, particle
dimensions, and relative electron densities were extracted as a function of temperature from the model fits.
This model, based largely on new Cryo-TEM imagery inputs, allows a complete description of LDL SAXS
data and the changes in particle structure with temperature.

A standard PEG solution of 1 wt% was measured showing the expected polymer scattering behavior and an
additional up-turn at low g from a co-existing fraction of larger loosely aggregated polymers in the sample,
Fig. S4. The aggregation is a known phenomenon in aqueous solutions of alcohol-terminated poly(ethylene
oxide) (Ho et al., 2003; Hammouda et al., 2004). The polymer scattering was fitted with the classical Debye
form factor (Debye, 1947) for Gaussian polymer chains yielding the g ~2-dependency at intermediate q; a small

constant background was added. From the fit a radius of gyration of R; = 24.5 + 0.4 A was determined in
good agreement with the theoretical value of R; = \/Co, Mmgy 112/6 = 24.4 A for linear PEO polymers, with
a molecular weight of 4,600 g mol, a Kuhn length of C,,ly = 5.1 A x 1.49 A = 7.6 A (Aharoni, 1983), and

a calculated average molecular weight per bond, m, of 14.68 g mol ™.
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Figure S4: Experimental solution SAXS data for 1.0 wt% poly(ethylene oxide), M,, = 4,600 g mol ™!, in water at 20 °C,

and 1800 s exposure time (navy and teal dots with error bars), data logarithmically binned. Fit with Gaussian chain

polymer model (qg™2) in the region indicated by teal (red line).
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Figure S5: Guinier fit (navy lines) to low-g configuration lysozyme data, 10.7 mg mL, pH 5.0, 1800 s exposure time

(red circles). Fitted g range indicated by blue circles, g R limits: 0.28 — 1.30. x?=1.0witha Ry =13510.1 A. Inset:

Guinier plot showing the fitted linear range.
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