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SUPPORTING METHODS
Quantification of mass transport limited FG domain adsorption rates. In our experimental
in situ ellipsometry setup, i.e. a flat surface opposite a rotating stirrer, transport of molecules to
the film can be adequately described by diffusion through an unstirred layer next to the surface
(1). The mass transport limited adsorption rate of FG domains can be estimated from a reference
measurement of an adsorption process that is limited by mass transport and that occurs under
identical stirring conditions (1):
.
We chose the adsorption of avidin with a concentration of 0.1 μM to a biotinylat d SLB (2) as
the reference and measured an adsorption rate of
ol
(mean  standard deviation from three measurements). The Stokes radius for avidin is
, and we estimate
to be between 3.5 and 8.7 nm, based on reported values for other
FG domains (3,4) and other intrinsically disordered or chemically denatured proteins (5,6).
These considerations lead to a mass transport limited adsorption rate for FG domains between
7.6 and 21.5 pmol/cm2/min at a bulk concentration of 0.9  0.1 μM. This ang is
s nt d as
a gray-shaded area in Fig. 2 a.
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SUPPORTING FIGURES

FIGURE S1: Quality of purified recombinant FG domains used in this study. FG domains with
His-tag were dissolved in 30% formamide and diluted 1:10 in SDS sample buffer. 2.5 µg of each
protein was resolved by SDS-PAGE and stained with Coomassie G250. All preparations contain
more than 90% full length protein.
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FIGURE S2: FG domains are anchored specifically and stably through their terminal Histags to NTA-functionalized SLBs. (a) SLB formation monitored by QCM-D. Silica surfaces in
working buffer were exposed to 50 μg/ml SUVs made of 90 mol-% DOPC and 10 mol-% bisNTA-functionalized lipids. Start and duration of the incubation is indicated by an arrow. The
two-phase behavior together with the final changes in frequency and dissipation of Δf = -28 Hz
and ΔD < 0.3·10-6, respectively, characterizes the formation of an SLB of good quality (7). The
minor shifts in Δf and ΔD at about 44 min are due to the removal of NiCl2 from the solution
during rinsing in working buffer. (b) Formation of FG domain films was monitored by QCM-D
on SLBs formed from SUVs containing either a mixture of 90 mol-% DOPC and 10 mol-% bisNTA-functionalized lipids (solid lines), or only DOPC (dotted lines). Baselines (i.e.
Δf = ΔD = 0) correspond to the responses for bare SLBs. Start and duration of incubation steps
with different samples are indicated with solid arrows on top of the plot. After each incubation
step, the solution phase was replaced by working buffer. Strong changes in frequency and
dissipation upon incubation with different His-tagged FG domain species (listed in the legend) at
45 μg/ml (i.e. 0.7 μM Nsp1-FILVS, Nsp1-FS and Nsp1-WT and 0.8 μM Nup98-glyco) on
NTA-functionalized SLBs reflect the formation of soft and hydrated films. No changes in Δf and
ΔD for Nsp1-derived FG domains and minor changes for Nup98-glyco upon rinsing in buffer
(rinsing of Nup98-glyco was performed at 25 min, i.e. earlier than for the other species; orange
arrowhead) indicate stable grafting. After exposure to 500 mM imidazole at pH 7.4, Δf and ΔD
return to baseline levels, demonstrating specificity of binding. Changes in Δf and ΔD upon
exchange from imidazole containing solution to pure working buffer do not reflect any changes
on the surface but result from a change in the viscosity and/or density of the surrounding solution
owing to the presence of imidazole. When exposed at 90 μg/ml (i.e. 1.5 μM Nsp1-FILVS,
Nsp1-FS, and Nup98-glyco and 1.4 μM Nsp1-WT) to SLBs made of pure DOPC, none of the
His-tagged FG domains induced appreciable QCM-D responses, confirming that the FG domains
do not bind to SLBs that lack NTA functionality.
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FIGURE S3: All FG domains in the films are anchored to the SLB. SLBs with 10 mol-%
bis-NTA functionalized lipids were formed and incubated with His-tagged FG domains at a
concentration of 23 μg/ml (0.4 μM). Incubation was interrupted, by rinsing in working buffer,
when frequency shifts reached between 50 and 70 % of the maximal frequency shifts observed in
Fig. S1 b. No changes in Δf and ΔD were observed when the films were subsequently incubated
with the same FG domain types lacking the His-tags at identical concentration. We conclude that
homophilic interactions or entanglements are not sufficient to entrap individual FG domains
stably in the films. All stably bound FG domain molecules must hence be anchored to the SLB.
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FIGURE S4: Tuning FG domain surface density. FG domain films with defined and
reproducible grafting densities (indicated on top of each plot) were obtained by tuning the
valency (bis or tris) and fraction (in mol-%) of NTA-functionalized lipids in the SUVs from
which the SLBs were formed (indicated in each plot). FG domains were incubated at
concentrations of 56 μg/ml (1.0 μM) for Nup98-glyco and 113 μg/ml (1.8 μM) for Nsp1-WT and
(1.9 μM) Nsp1-FILVS.
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FIGURE S5: FG domain film thickness determination from QCM-D data. Film thickness
was estimated by fitting the QCM-D data for all overtones to a continuum viscoelastic model (8)
with the software QTM (D. Johannsmann, Technical University of Clausthal, Germany (9);
option “small load approximation”), as described in detail elsewhere (10). The model relates the
measured QCM-D responses, Δf and ΔD as a function of the overtone number, to the viscoelastic
properties and the thickness of the surface-confined film (10,11). The figure shows the final
QCM-D responses (symbols) for the formation of FG domain films of about 5 pmol/cm2 (see Fig.
S3 b for film formation conditions; FG domain type is indicated in the plot) together with the
best fits (lines) as a function of overtone i. Resulting film thicknesses are shown in Fig. 3 b,
where error bars correspond to joint confidence regions with a confidence level of one standard
deviation, and were determined as described in ref. (10).
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