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Supplementary Fig. 1 Statistics of the BIC and Bayesian parameter fit for ligand-free wtEGFR.

The figure shows the error estimate in the location of an individual isolated peak (dashed), the bootstrap-
estimated error in the decomposition (dotted) and the combination of the two (solid). Means and errors
together with the number of separations accumulated under each peak component are shown in the inset.
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Supplementary Fig. 2 Affibody binding to EGFR on cells.

Median anti-EGFR Alexa 488-Affibody fluorescence in the membranes of intact CHO cells expressing
WtEGFR at 4 x 10° receptors/cell measured by confocal microscopy, as a function of increasing Alexa 488-
Affibody concentration. The error bars represent the standard deviation of the pixel values across the
membranes of ~150 cells for a given Alexa 488-Affibody concentration. Data is taken from two biological
replicates. The 4 nM Affibody concentration used labels ~20% of receptors.
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Supplementary Fig. 3 Example of pbICS data and analysis.

(a) Fluorescence confocal laser-scanning microscopy images of WtEGFR 100 nM Alexa 488-Affibody labelled
CHO cells focussing on the apical membrane surface. Left image is before photobleaching and right image is
after partial photobleaching. (b) pbICS data from region in (a). Vertical axis represents apparent cluster
density and horizontal axis represents fractional fluorescence remaining. Solid line represents a model-free
fit to the data using a monomer, dimer, trimer, tetramer, pentamer, hexamer, heptamer, octamer model.
Parameters extracted from fit were:
{c1,c2,c3,c4,c5,c6,c7,c8}:{0.518,0.291,0.190,<0.001,<0.001,<0.001,<0.001,<0.001}, where C1 is the
normalised density of monomers, c2 is the normalised density of dimers etc. pblCS curve was obtained
from ROI 2.
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Supplementary Fig. 4 Single particle tracking screen of EGF-bound EGFR mutants.

Top panel: Fraction of tracks where two different-colour particles labelled with a mixture of CF640R-EGF/
Alexa 488-EGF spend =5 frames (250 ms) together (colocalised) within <1 pixel (denoted fraction of
pairwise particle colocalisation events). Bottom panel: distribution of the duration of these pairwise
interactions (zon). Horizontal spreads separate data points (~5,000) within each condition. Horizontal white
lines mark the mean and SD. Coincidental colocalisation statistics were accounted for’. The results show
that ligand-bound 1942E-EGFR forms much fewer de novo complexes.



Supplementary Fig. 5 Lateral and vertical distances in the head-to-head dimer model.

Distance measurements between selected amino-acids of adjacent protomers in: (a) the naked head-to-
head dimer without 9G8-NB bound and (b) the head-to-head dimer bound to 9G8-NB (cyan). Selected
amino acids from which the measurements in Supplementary Tables 1-2 were derived are highlighted (red,
yellow, green, magenta or blue). (c-f) Views of the extracellular domain highlighting selected amino acids
from which vertical separations to the plasma membrane were measured (see Supplementary Table 3). In
all panels: Dl is represented in green, DIl in red, DIl in blue and DIV in grey, while the membrane is depicted
in pink.



residue

DIl (blue) distances (nm)

+9G8 -9G8

P362 (red) 4.27 6.67
Q3 (yellow) 4.24 6.94
H%° (green) 5.04 6.93
N3 (magenta) 5.90 8.03

Supplementary Table 1

Summary of the intra-dimer distances measured between the amino acids highlighted in Supplementary

Fig. 5a.
. DI (green) distances (nm)
residue 79G8 568
S% (blue) 5.09 4.37
S*3 (magenta) 4.74 4.14
Supplementary Table 2
Summary of the intra-dimer distances measured between the amino acids highlighted in Supplementary
Fig. 5b.
Domain Distances (nm)
-9G8 +9G8
I (E%) 3.93 1.87
I (N228) 6.48 4.44
1 (F37) 5.73 2.99
11 (K*3) 5.46 6.25
Supplementary Table 3

Summary of the distances measured between the amino acids highlighted in Supplementary Fig. 5¢c-f and

the plasma membrane.
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Supplementary Fig. 6 EgB4 Nanobody (NB) specificity for domain | of the ectodomain of wtEGFR.
Differential binding of the indicated NBs to biotinylated DI of the wtEGFR ectodomain analysed by ELISA.
The 7D12 anti-EGFR NB specific for DIll is used as control (Schmitz et al. 2013)2. The EgB4-NB binds EGFR
without having an effect on EGF binding®.



2500 E T T T T T o
— r1=6.3 (-1.1+2.8) nm, 13.5 meas.

2000 — 0T —e— O | ;=150 (22+45)nm, 137 meas. [ 4
- e — e 1 ——— — r3=26.5 (-4.7+4.7) nm, 6.3 meas.
ey - —— _
c 1500 | — 14=42.3 (-5.6+4.5) nm, 6.6 meas. _
[
& AC-EGFR .
£ 1000 |- DINI-DIIl separations 6 nm resolution a -

56.3 nm (1 measurement)
500 / o
0 |
0 10 20 30 40 50 60
Separation (nm)
3500 | | | | | |
——y ¢ .
3000 |9 TRR— 1 7 nm resolution -
=

-, 2500 |- e . —
)
c — r11=4.1(-3.3413.4) nm, 45.5 meas.
% 2000 - AC-EGFR — [2=23.4 (-3.2+10.0) nm, 21.1 meas. B
® 1500 |- DIlI-Dlll separations | __ ;=402 (-3.0+14.3) nm, 2.1 meas. )
L — 14=44.9 (-7.0+6.2) nm, 13.2 meas.

1000 |- .

500 b —
0 | |
0 10 20 30 40 50 60

Separation (nm)

Supplementary Fig. 7 Statistics of the BIC and Bayesian parameter fit for ligand-free AC-EGFR.

(a) and (b): FLImP distributions of DIII-DIll separations from AC-EGFR showing the error estimate in the
location of individual isolated peaks (dashed), the bootstrap-estimated error in the decomposition (dotted)
and the combination of the two (solid). Means and errors together with the number of separations
accumulated under each peak component are shown in the inset. The number of separations, although an
integer at source, is returned by the calculations as a fraction because of errors. FLImP is stochastic and can
therefore report stoichiometric separations and ad hoc separations, the latter from receptors randomly
near each other. In this context, note in (a) that the data retained at 6 nm resolution displays one FLImP
separation measurement at 56.3 nm, which is larger than the longest predicted by the curved polymer
chain model in Fig. 4a (main text). Given that in (a) the 4" component of the FLImP distribution (42 nm) is
separated from the 56 nm position by 14 nm, we reasoned that, when ~2-fold more data are retained at 7
nm resolution (b), if the isolated 56 nm separation detected was stoichiometric and significant, we should
still resolve peak components at ~¥42 nm and ~56 nm. The absence of any evidence for a peak component
longer than the ~45 nm predicted by the model at 7 nm resolution in (b) suggests that the isolated 56.3 nm
separation observed at 6 nm resolution is a random receptor-receptor colocalisation event. Note that all
the separations resolved at 7 nm are predicted by the head-to-head polymer model. The lower resolution
of the 7 nm distribution in (b) means that not all short separations (separated by 7 nm) can be resolved.
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Supplementary Fig. 8 Statistics of the BIC and Bayesian parameter fit of DI-DI separations for ligand-free

AC-EGFR.
(a-e): FLImP distributions of DI-DI separations from AC-EGFR showing the error estimate in the location of

individual isolated peaks (dashed), the bootstrap-estimated error in the decomposition (dotted) and the
combination of the two (solid). Means and errors together with the number of separations accumulated
under each peak component are shown in the inset. The number of separations, although an integer at
source, becomes a fraction because of errors in the calculations. Note in (a) that data retained at 7 nm
resolution displays two DI-DI FLImP separation measurements consistent with 38 nm, which is longer than
that predicted by the curved polymer chain model (31 nm) (Fig. 4a). Given that 38 nm is separated from the
adjacent 16 nm component by 22 nm, it should still be resolved by FLImP distributions with resolutions
between 7 nm and 9 nm (a-e). If the 38 nm position was stoichiometric and significant, when more data
are retained at 7-9 nm resolutions, we would expect the 38 nm component to accumulate additional
separations. Contrary to this, the 38 nm component becomes less significant as more data are
accumulated. This is consistent with the two separations detected at 38 nm corresponding to random
colocalisation events.
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Supplementary Fig. 9 Fraction of separations consistent with a given hypothesis determined by FLImP
experiments.
(a-c) Number of measurements consistent with the distances expected for dimers (<15 nm) and oligomers

(20-60 nm). Errors were assesed with bootstrap-resampling®. The ratio of the number of measurements
whose 69% Cl overlap the range (0-15 nm) (pink) or (20-60 nm) (blue) to the total number of all FLImP
measurements is shown. Note that the number of DI-DI separations longer than 20 nm are significantly
fewer than DIII-DIII. (d-f) The distributions (green, yellow, blue, red, magenta) compiled from the FLImP
measurements whose 69% Cls contain the DIII-DIIl separations 5 nm, 13 nm, 21 nm, 30 nm or 46 nm. The
ratio of the number of measurements whose 69% Cl contain that distance to the total number of all FLImP
measurements is shown. Error bars were calculated by bootstrap-resampling the data 1000 times with
replacement and repeating the analysis®
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Supplementary Fig. 10 Distance of closest approach (DOCA) from DI and DIl to the cell surface.

FRET efficiency as a function of increasing membrane probe acceptor density for donor labelled (a) CHO
cells expressing wtEGFR, (b) CHO cells expressing wtEGFR treated with 9G8-NB, (c) CHO cells expressing
WtEGFR treated with erlotinib, (d) CHO cells expressing L6BON-EGFR or (e) CHO cells expressing L834R-



EGFR. The donor was either Alexa 488-Affibody (DIII) (black) or Alexa 488-EgB4-NB (DI) (red). Each data
point represents the mean acceptor density vs the mean FRET efficiency derived from the membrane pixels
of a single cell. The error bars represent the standard deviation of the measured FRET efficiencies. The
number of data points (each point from an individual cell) for wtEGFR + Affibody, wtEGFR + EgB4-NB,
WEEGFR + 9G8-NB + Affibody, wtEGFR + 9G8-NB + EgB4-NB, WtEGFR + erlotinib + Affibody, wWtEGFR +
erlotinib + EgB4-NB, L680ON-EGFR + Affibody, L6S8ON-EGFR + EgB4-NB, L834R-EGFR + Affibody, and L834R-
EGFR + EgB4-NB are: 54, 63, 97, 30, 119, 170, 40, 47, 30, and 11, respectively. Data is taken from at least
two independent biological replicates. The distributions shown on the right of each panel represent the
result of bootstrap regression analysis comparing the data to a model generated by simulating a donor
above a plane of acceptors of increasing density with a Monte-Carlo simulation, as described in Tynan et
al.*. Each bootstrap distribution was generated by random sampling of the original data with replacement
before fitting to the FRET response model. For each condition 3000 bootstrap resamples were used. The
model fit corresponding to the mean DOCA is plotted as a solid line. Dashed lines correspond to the upper
and lower quartile of the corresponding bootstrap distributions.

DI DOCA (nm) DIl DOCA (nm) test statistic P-Value
wild type EGFR 6.73+0.68 6.41+0.65 0.32 0.2800
wild type EGFR + 9G8 NB 4.69 £ 0.89 8.22 +0.68 3.53 <0.0010
wild type EGFR + erlotinib 7.72 £0.62 8.65+0.94 0.93 0.0057
L680ON-EGFR 8.50+0.72 6.02 £ 0.45 2.48 <0.0010
L834R-EGFR 7.48 £0.77 8.38+1.03 0.88 0.1253

Supplementary Table 4 Numerical FRET results and error estimations

Mean bootstrap DOCA values and standard deviations for EGFR receptors labelled at DI with Alexa 488-
EgB4-NB or DIl with Alexa 488-Affibody. P values represent the result of bootstrap hypothesis testing
comparing the observed difference between the mean DI and DIl DOCA values in each experiment (the test
statistic) with the null hypothesis that DI DOCA — DIlIl DOCA = 0. The null hypothesis can be rejected to the
0.01 significance level for all except wtEGFR and L834R-EGFR.
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Supplementary Fig. 11 9G8-NB bound wtEGFR forms oligomers and analysis of A973 and T766M-EGFR.
(a) FLImP distribution (grey) of DIlI-Dlll separations between CF640R-Affibody molecules bound to wtEGFR
on CHO cells in the presence of 200 nM 9G8-NB compiled from 34 FLImP measurements with CI<7nm,
decomposed into a sum of six Rician components. The inset shows positions and error estimates?. (b)
Number of measurements consistent with the distances expected for dimers (<15 nm) and oligomers (20-
60 nm). Errors were assesed with bootstrap-resampling. The ratio of the number of measurements whose
69% Cl overlap the range (0-15 nm) (pink) or (20-60 nm) (blue) to the total number of all FLImP
measurements is shown. Error bars were calculated by bootstrap-resampling the data 1000 times with
replacement and repeating the analysis®. (c) As (a) for A973-EGFR compiled from 29 FLImP measurements
with CI<7nm decomposed into a sum of four Rician components. (d) As (a) for T766M-EGFR compiled from
27 FLImP measurements with CI<6.5nm decomposed into a sum of five Rician components.
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Supplementary Fig. 12 Significance of differences between compared conditions in two-colour SPT.
The plots show tables from the Kolmogorov-Smirnov test P-value for the null hypothesis that particular
pairs of measurement samples come from the same distribution. We cannot reject the hypothesis that
pairs marked green are consistent with one another, while for pairs marked red we can say the
measurements differ. (a) Results when comparing the colocalisation fractions displayed by the different
receptors. (b) Results when comparing the duration (zon) of the interactions.
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Supplementary Fig. 13 Fraction of separations consistent with the mean value of peak components.

resolved in ligand-free wtEGFR.

(a) The FLImP distribution (grey) of ligand-free wtEGFR on CHO cells labelled with 4 nM CF640R-Affibody
shown in Fig. 2b (main text) and the distributions (green, yellow, blue, red, magenta) compiled from the
FLImP measurements whose 69% Cls contain the DIII-DIll separations 5 nm, 13 nm, 21 nm, 30 nm or 46 nm.
The ratio of the number of measurements whose 69% Cl contain that distance to the total number of all
FLImP measurements is shown. Error bars were calculated by bootstrap-resampling the data 1000 times
with replacement and repeating the analysis®. As (a) but on cells treated with (b) 1 um erlotinib, (c) 10 mM
MPBCD. (d) The FLImP distribution (grey) of ligand-free I11V/KKRE-EGFR mutant expressed on CHO cells. (e)

As (d) but for the L68ON-EGFR mutant.
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Supplementary Fig. 14 Phosphorylation of wtEGFR and IlIV/KKRE-EGFR in the presence and absence of
cholesterol and EGF.

(a) Representative images of Western Blots used for the histogram in (c) showing CHO cells expressing
WtEGFR treated with MBCD and other inhibitors (not discussed in this paper) in presence or absence of 10
nM EGF probed with anti-EGFR pY1173 antibody. b) Same blot re-probed after stripping with an anti-EGFR
cocktail. (c) Box-and-whisker plot of C-terminal pTyr1173 auto-phosphorylation in CHO cells expressing
WtEGFR calculated over n=3 replicates. The line represents the median (inclusive), the edges of the box the
25™ and 75" quartile and the whiskers the fist and last quartile. (d) Representative images of Western
Blots used for the histogram in (f) showing CHO cells expressing 1IV/KKRE-EGFR treated with MBCD in
presence or absence of 10 nM EGF probed with anti-EGFR pY1173 antibody. (e) Same blot re-probed after
stripping with an anti-EGFR cocktail. (f) Box-and-whisker plot of C-terminal pTyr1173 auto-phosphorylation
in CHO cells expressing IlIV/KKRE-EGFR, as in panel (c), calculated over n=3 replicates.
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Supplementary Fig.15 Investigation of the tethered status of EGFR using 9G8-NB as a probe.

(a) Representative images from erlotinib treated wtEGFR expressing cells (left panel) and cells expressing
L6BON-EGFR (right panel). Top images show labelling with Alexa 488-EgB4-NB (cyan), which was used to
probe the expression of the receptor, and bottom images show CF640R-9G8-NB binding (magenta). Scale
bars = 10 um. (b- c) Intensity histograms derived from the representative images in (a). (b), Intensity
histograms of Alexa 488-EgB4-NB binding to wtEGFR + erlotinib (black) and L68ON EGFR (blue) are shown.
The corresponding histograms from CF640R-9G8-NB labelling are shown in (c). (d) Scatter plot of the ratio
between mean CF640R-9G8-NB and Alexa 488-EgB4-NB intensity of each cell, for all conditions investigated
(WtEGFR, blue; wtEGFR + erlotinib, green; L680ON-EGFR, red).
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Supplementary Fig. 16 Low resolution (Cl = 8 nm) FLImP histograms showing the conservation of the
distribution profile and the fraction of separations consistent with dimers and oligomers.

(a) The FLImP distribution (grey) of ligand-free wtEGFR on CHO cells labelled with 4 nM CF640R-Affibody at
lower (8 nm) resolution with ~1.5-2-fold more data. The ratio of the number of measurements whose 69%
Cl overlap the range 0-15 nm (pink) or 20-60 nm (blue) to the total number of all FLImP measurements is
shown. Error bars were calculated by bootstrap-resampling the data 1000 times with replacement and
repeating the analysis®. As (a) but on cells treated with (b) 1 um erlotinib and (c) 10 mM MBCD. (d) On cells
expressing the L6BON-EGFR mutant. Results from the same conditions are shown in Fig. 2b, Fig. 5a, Fig. 5d,
and Fig. 5| of the main text at 6-7 nm resolution.



Supplementary Fig. 17 Basal phosphorylation of wtEGFR, T766M-EGFR and L834R-EGFR.

(a) Representative Western Blot images of CHO cells transfected with wtEGFR, T766M-EGFR or L834R-
EGFR. Blots of pY1173 EGFR and total EGFR (T-EGFR) are shown in the figure. (b) Quantification of the
Western blots shown in (a). Ratios were normalized using the value of wtEGFR as a baseline. Average + SD
calculated over n=3 replicates. Statistical analysis performed unpaired, two-tailed T-test: wtEGFR vs T766M-
EGFR Pvalue = 0.0021, t= 7.062, df=4; wtEGFR vs L834R-EGFR Pvalue = 0.0013, t= 7.967, df=4.



a
1400 37+10% of all Cls overlap 20-60nm 1000 b 35+11% of all Cls overlap 20-60nm

1200 i
WwtEGFR + erlotinib 800 wtEGFR + M3CD
-, 1000 &
2 S 600
S 800 o
g. o
o 600 2 400
w t !
200
10 20 . 30 40 50 60 70 00 10 20 30 40 50 60 70
Separation (nm) Separation {(nm)
2000, C 49+6% of all Cls overlap 20-60nm 1600 d 38+8% of all Cls overlap 20-60nm
& 1400
L] L834R
%, 1500 AC =5 1200
o o
c c
g g
o 1000 o
L 2
- L
500
20 30 40 50 60 70 20 30 40 50
Separation (nm) Separation (nm)
1600 f
1400 e 48+7% of all Cls overlap 20-60nm 32+7% of all Cls overlap 20-60nm
1500 "ty
1200 , AB98 ] L68ON
> = >
Q [&] i
c { ==
g $ 1000 !
o o |
o o
e [
500
20 30 40 00 10 20 30 40 50 60 70
Separation (nm) Separation (nm)
1400 g i 33+9% of all CIs overlap 20-60nm 1600 h 2648% of all Cls overlap 20-60nm
1200 | 1400
> 1000 A973 1200 ! T766M
& 1000
| = L
2 800
o
© 600
[
400
200
10 20 30 40 50 60 70 00 10 20 30 40 50 60 70
Separation (nm) Separation (nm)

Supplementary Fig. 18 FLImP histograms showing the distribution profile and the fraction of separations
consistent with dimers and oligomers.

Each condition (a-h) shows the FLImP distribution (grey) of ligand-free receptors labelled with 4 nM
CF640R-Affibody at 6-7 nm resolution. The ratio of the number of measurements whose 69% Cl overlap the
range 0-15 nm (pink) or 20-60 nm (blue) to the total number of all FLImP measurements is shown. Error
bars were calculated by bootstrap-resampling the data 1000 times with replacement and repeating the
analysis®. The corresponding bar chart is shown in Fig. 6b, main text.
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Supplementary Fig. 19 MD simulations of the T766M kinase domain.

(a) RMSF profiles for the WT (green) and T766M mutant sTKD (magenta). Interface residues are marked by
grey circles. (b) Rolling average of selected distances at the dimer interface. The smoothing window is 5 ns.
(c) The symmetric EGFR dimer shown from both sides to highlight the interface residues.
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Supplementary Fig. 20 Significance of differences between compared conditions.

The plots show tables from the Kolmogorov-Smirnov test P-value for the null hypothesis that particular
pairs of measurement samples come from the same distribution. We cannot reject the hypothesis that
pairs marked green are consistent with one another, while for pairs marked red we can say the
measurements differ. (a) and (c) Results when comparing the colocalisation fractions displayed by the
different receptor mutants. (b) and (d) Results when comparing the duration (zon) of the interactions in
absence or presence of MBCD treatment, respectively.



Primer

Sequence

L843R SDM Fw

GTC AAG ATC ACA GAT TTT GGG cgg GCC AAA CTG
CTG GGT GCG

L834R SDM Rev

CGCACCCAG CAG TTT GGC ccg CCCAAAATCTGT
GAT CTT GAC

T766M SDM Fw

CCTCC ACC GTG CAG CTC ATC atg CAG CTC ATG CCC
TTC GGC

T766M SDM Rev

GCC GAA GGG CAT GAG CTG cat GAT GAG CTG CAC
GGT GGA GG

I11V/KKRE sub-cloning Fw

agg aga tat acc atg CGA CCC TCC GGG ACG

I1IV/KKRE sub-cloning Rev

gtg atg gtg atg ttt TCA TGC TCC AAT AAATTC ACT GC

Supplementary Table 5

Sequences of the primers used in the manuscript. Mutation sites are shown in lowercase and underlined
for L834R-EGFR and T766M-EGFR SDM plasmids. Infusion tags are shown in lowercase and doubly

underlined for llIV/KKRE sub-cloning plasmids.

Supplementary Fig. 21 MD simulation after 13.8 ys, starting from the asymmetric dimer seen in the crystal
packing of 4KRP, after removing 9G8-NB and adding the TM helix and the lipid bilayer.



Supplementary Fig. 22 MD simulation after 20 us, starting from the asymmetric dimer seen in the crystal

packing of 4KRP, after removing 9G8-NB and adding the TM helix and the lipid bilayer.




Supplementary Fig. 23 MD simulation after 20 us, starting from the asymmetric dimer seen in the crystal
packing of 4KRP, after adding the 9G8-NBs to the starting ECM dimer.

Supplementary Methods
Energy Calculations from the Simulations of the T766M Kinase Domain

For the unbiased MD simulations the energy of the simulated systems was initially minimized in 2 cycles of
steepest-descent energy minimization. Each system was equilibrated using the following protocol: the
initial velocities for the atoms were taken from Maxwell distribution at 310 K and the system was simulated
for 10 ns at constant volume using velocity rescale thermostat® and position restraints on heavy atoms
(1000 kJ mol'* nm), followed by 10 ns under the same conditions with position restraints only on Ca atoms
(500 kJ mol nm). The system was equilibrated for additional 20 ns under constant pressure using
Berendsen barostat’, followed by 20 ns using Parrinello-Rahman barostat®. The production simulations
were generated using GROMACS 5.1.4 biomolecular simulation package® with a 2-fs integration step,
constant temperature of 310 K using velocity rescale thermostat1, and constant pressure of 1 bar using
Parrinello-Rahman barostat®. Bond lengths were constrained using LINCS'?, while van der Waals
interactions were treated with a cutoff of 10 A. Electrostatic interactions were computed using the particle
mesh Ewald method!! with the direct sum cutoff of 10 A and the Fourier spacing of 1.2 A. Each production
run was 4 ps long with the coordinate output every 100 ps. Trajectories were analysed using standard
GROMACS tools. The analysis of the free-energy basins was performed as follows: all the structures that fell
within basins selected for further analysis were clustered using the gromos algorithm?? by using the RMSD
of Ca atoms as the distance between the structures and the cutoff value of 2 A. The central structure of the
most populated cluster of each basin (i.e., the structure with the smallest distance to all the other members
of the cluster) was chosen as the representative of the basin.
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