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Calibration curves relating QCM-D frequency shifts to surface densities of CD44 HABDs and HA 
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Figure S1. Correlation between the QCM-D frequency shifts upon binding of HABD (A-C) and HA (D-F) and 
adsorbed amounts, from simultaneous measurements by QCM-D and ellipsometry on the same surface. (A) 
QCM-D frequency shifts upon incubation of his-HABD (blue line with circles) and (HABD)2-Fc (black line with 
squares), respectively. Incubation started at 0 min; rinses in buffer are indicated (arrowheads). (B) Corresponding 
biomolecular masses as determined by ellipsometry. (C) Parametric plot of the data from (A) and (B). With the 
aid of these calibration curves, the amount of adsorbed HABD can be quantified from QCM-D frequency shifts 
for arbitrary coverages (1,2). (D) QCM-D frequency shifts upon exposure of 10 μg/ml 262 kDa HA to his-HABD 
(blue line with circles) and (HABD)2-Fc (black line with squares) coated surfaces, respectively. (E) 
Corresponding biomolecular masses, measured by ellipsometry. (F) Parametric plot of the data in (D) and (E). A 
linear approximation of the data (solid orange line) was used to estimate the adsorbed amounts of HA from 
QCM-D frequency shifts at arbitrary receptor coverages. The molar surface densities of HABD monomers and 
HA in Fig. 7B were determined from the calibration curves in (C) and (F), respectively, and the molecular 
weights of his-HABD (39 kDa), (HABD)2-Fc (2×58 kDa) and HA (262 kDa). 
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Colloidal probe reflection interference contrast microscopy 

This optical microscopic technique measures the height at which a colloidal probe hovers above a transparent 
planar substrate (3,4). The interference of light that is reflected at the glass-liquid interface and at the colloidal-
probe liquid interface, respectively, gives rise to a characteristic intensity pattern of concentric rings (Fig. S2A), 
from which the height of the bead above the glass substrate can be determined (3,4). 

3W-RICM. For the unambiguous determination of distances in the range of several hundred nanometers, 
simultaneous measurements at several wavelengths are required. We implemented a triple-wavelength RICM (5), 
inspired by the dual-wavelength approach of Schilling et al. (6). 

The setup was based on an inverted microscope (Axio Observer Z1, Zeiss, Oberkochen, Germany). A Xenon 
lamp (XBO 75, Zeiss) was used as light source. Stray light was filtered by the antiflex technique (4,7), using a 
filter cube with crossed polarizers (AHF Analysentechnik, Tübingen. Germany) and an antiflex objective (EC 
Plan Neofluar Antiflex, 63×/1.25, Zeiss). Reflected light was split into three different beams using a custom built 
beam splitter unit with integrated band pass filters (AHF Analysentechnik) of 10 nm width, centered at 490, 546 
and 630 nm, respectively. Images were captured with two cameras (ORCA-ER, Hamamatsu Photonics, Massy, 
France) simultaneously, using the software SimplePCI (Hamamatsu) and exposure times of typically 100 ms. 
Interferographs at 490 and 546 nm were acquired by two halves of the chip of one camera. Images at 630 nm 
were taken with the second camera. 

Sample preparation. Cleaned glass cover slips were glued to a custom built Teflon holder using two 
component silicon glue (Twinsil, Picodent, Wipperfürth, Germany). The assembly defined an open liquid cell 
(~100 µl total volume) in which the cover slip served as the bottom of the cell. 

SLBs, and layers of AnxA5-Z, (HABD)2-Fc and HA were prepared on the glass cover slip, following the same 
incubation steps as those established by QCM-D (Fig. 2). Incubation was performed in still solution, with twofold 
increased concentrations and incubation times. Samples were injected directly into the buffer-filled liquid cell at 
desired concentrations. The liquid volume was maintained at about 50 µl, and homogenized by repeated suction 
and release of a fraction of the liquid by a pipette. To remove samples, the cell’s content was diluted, by repeated 
addition of at least a twofold excess of buffer, pipette assisted homogenization and removal of excess liquid, until 
the concentration of soluble sample was below 10 ng/ml. Care was taken that the glass surface remained wet at 
any time. 

Preparation of colloidal probes. Polystyrene microspheres (Polysciences, Eppelheim, Germany) of ~25 µm 
diameter were coated with poly(ethylene glycol)-block-(polypropylene glycol)-block-(polyethylene glycol) 
(PEG-PPG-PEG) with a number averaged molecular weight, Mn = 8.4 kDa, and containing 80 weight-% PEG 
(Pluronic F-68, Sigma). The average size of each PEG block (3.4 kDa, or N = 76 monomer units) corresponds to 
a radius of gyration of 2.2 nm (8), and a contour length of ~30 nm. The method of Kim et al. (9), based on 
solvent-assisted entrapment of the triblock-copolymer on the particle surface, was adapted for passivation. PEG-
PPG-PEG was dissolved in ultrapure water at a concentration of 10 mg/ml. Polystyrene microspheres were added 
at a concentration of 0.26 mg/ml. This corresponds to a total mass of 160 µg PEG-PPG-PEG per cm2 of 
microsphere surface area. The mixture was stirred for 5 h at room temperature, 45 µl toluol were added under 
continued stirring for 2 h, and toluene was removed by evaporation at 98ºC for about 15 min. The particle 
solution was washed repeatedly, by centrifugation and re-dispersion of the pellet in ultrapure water, until a 
nominal concentration of less than 10 ng/ml PEG-PPG-PEG was reached. 

Colloidal probes were added to the liquid cell at concentrations that ensured sparse coverage 
(~20 microspheres/mm2). 

Height determination. Interferographs (fig. S2A) were analyzed numerically, using custom developed 
algorithms implemented in Matlab. The height of the colloidal probe above the glass support was determined with 
a simple model (parallel plate approximation with incident light parallel to the surface normal) (3), from the radial 
position of the extremum in the radially averaged interferometric intensity profile that was situated closest to but 
not closer than 1 µm from the center. The diameter of the bead was determined from bright field images. 

Based on the estimated accuracy in the determination of the bead diameter (±0.5 µm) and the focus position 
(±0.2 µm), and the noise in the intensity profile, we estimate the setup-specific variations in the apparent height to 
be smaller than ±6 nm. The heights determined from all three wavelengths (λ = 490, 546 and 630 m) were usually 
found to agree within an interval of less than 10 nm. 
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Figure S2. RICM data acquired at different stages (noted on top) of the assembly of model system 1. (A) 
Representative interferographs (λ = 490 nm, image size 20 µm), displaying the characteristic pattern of concentric 
rings (Newtonian rings). The increase in intensity in the center of the pattern, from the leftmost to the rightmost 
image, reflects the increase in distance between the colloidal probe and the glass substrate. (B) Typical traces of 
the in-plane movement of a bead’s center over a period of 10 s (full scales on the x and y axis correspond to 
1 µm). Non-passivated colloidal probes show no significant in-plane movement on SLBs, i.e., they are 
immobilized due to strong adsorption. Passivated probes show increasing diffusive motion on SLBs, and films of 
AnxA5-Z, (HABD)2-Fc and HA250, indicating little or no attractive interaction with the surface adlayer. (C) 
Apparent heights. Error bars represent standard deviations from measurements at λ = 490 nm with 5 to 10 
different beads at various positions on the same sample. We found an apparent height of 15 nm, instead of 0 nm, 
for non-passivated probes adsorbed to glass. Most likely, and as discussed in ref. (3), this discrepancy stems from 
limitations in the accuracy of the simple model. The nanoscale roughness of the probe may though also 
contribute. Addition of the SLB increased the thickness by only few nanometers, as expected. The increase in 
height of 11±4 nm for PEG passivated probes on SLBs is likely to reflect the hydrated PEG layer that now 
separates the bead from the surface. Indeed, a height of around 10 nm would agree with the thickness of a rather 
dense brush of moderately stretched PEG chains. Upon addition of AnxA5-Z and (HABD)2-Fc, the height 
increases by another 16±4 nm. This is similar to the dimensions of the adsorbed biomolecular layer (~13 nm). On 
the HA film, the variations in measured heights were within a range of 15 to 25 nm, which is smaller than the 
thickness of the HA films. This suggests that the HA film was laterally homogeneous on length scales above the 
size of the contact area between the bead and the substrate (~1 µm). 

Influence of interactions between the colloidal probe and the sample on apparent film thickness. Once 
passivated with PEG, our beads retained mobility on all of the employed samples (Fig. S2B). This indicates that 
adhesive interactions between bead and sample are small, and therefore unlikely to perturb the sample 
appreciably. Electrostatic interactions may repel the probe from the surface, but are rather short ranged under the 
employed conditions: the Debye length is below 1 nm at salt concentrations of 150 mM NaCl. Hence we expected 
that electrostatics do not affect the measured thickness appreciably. 

In addition to these interactions, gravitational forces will press the colloidal probe onto the sample. From the 
density difference between polystyrene and water (0.055 g/cm3) and the microsphere’s typical radius 
(R = 12.5 µm), this force can be calculated to be Fg = 4.4 pN, or Fg/R = 0.35 µN/m. For comparison, forces of 
>1 mN/m would be required to compress SLBs or any of the employed protein layers appreciably (10). The HA 
films, however, are likely to be very soft, and may indeed be affected (11,12). The measured HA film thicknesses 
should therefore be considered lower bounds of the real hydrodynamic film thickness. 
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