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Figure S1: Membrane to cortex attachment and membrane tension are decreased during early 

differentiation (related to Figure 1). A, Representative SEM images of ES and T48 cells. Scale bars, 10 μm. B, 

Left: time-lapse of representative ES cells expressing LifeAct-GFP and exiting naïve pluripotency. White arrows: 

cellular blebs. Red dotted line indicates approximate time of cell spreading. Right: quantification of the number of 

blebs in the cell marked with a white star. C, Quantification of cell blebbing during exit from naïve pluripotency. Time 

is normalised to the time of spreading (mean ± SD, n = 20, N=2). D, Quantification of blebbing in six different ES 

cells expressing LifeAct-GFP during exiting naïve pluripotency. Red dotted line indicates approximate time of cell 

spreading. Bleb numbers per cell significantly decrease once the cell is spread (pink shaded area). E, Time lapse of a 

membrane tension measurement in a colony of ES cell. Time is in minutes:seconds. A red target is placed at the centre 

of the trap to help visualize bead displacement. F, Representative western blot for ERM, pERM and GAPDH in ES 



 

 
 

cells and T24 cells and corresponding quantification (N=4, lines connect data points from individual experiments) G, 

Images of a single z-plane in fixed T16 cells. Three different cell morphologies are observed at T16: round, spread 

and blebbing.  Cells were immunostained for pERM, and stained with DAPI and phalloidin. H, Similar as D with 

ERM instead of pERM. I, J, Estimated pERM and ERM and density in round, spread and blebbing T16 cells. Protein 

density was estimated from the mean intensity of sum z projections, corrected for background, and normalised to the 

mean of T16 round cells. (Means ± SD, N=3). For all panels, unless otherwise indicated, p-values established by 

Welch’s unpaired student t-test. 

 

 

 

 

 

 

 



 

 
 

 
Figure S2: pERM activity and membrane tension during early differentiation are regulated by b-

catenin and RhoA (related to Figure 2). A, Fluorescent Western Blot and associated quantification for pERM 

and Histone 3 (his 3) of cells cultured in 2i+L or from 2i and replated with PD03 or CHIR only for various timepoints 

(N=5). P values are calculated using a two-way analysis of variance (ANOVA), using experiment repeats and medium 

condition as variables, and indicated in the figure. B, Trap force measurements of WT ES, T24S (from Figure 1E) and 

cells cultured in medium lacking Chir (from 2i) (N=3). C, Top, representative fluorescent western blots for phospho-

ERM and His3 of ES cells and T24 cells cultured in differentiation medium from 2i+L with either CHIR (annotated -

PD03) or PD03 (annotated -CHIR). Bottom, associated quantification (N=3). D, Left, representative images of WT 

ES, T24, b-catenin KO cells and cells from 2i+L cultured for 24h in differentiation medium (N2B27) containing either 

PD03 (annotated -CHIR) or CHIR (annotated -PD03). Right, associated quantification (N=3). Graphical data 

represents mean ± SD. P values are calculated by Welch's unpaired student t-test (unless otherwise indicated). Scale 

bars = 10μm. 



 

 
 

 

 
Figure S3: Increasing membrane tension inhibits early differentiation (related to Figure 3). A, 

Proliferation curves of WT and iEZR_CA ES cells (N=3). B, Quantification of phospho-ERM normalised to total 

protein levels in WT and iEZR_CA ES and T16 cells. Data are normalised to the mean of WT ES cells (N=4). C, 

Representative images of two z plane of a mix of WT and iRhoA_CA T24 cells immunostained for Otx2 and Nanog. 

D, Quantification of Nanog and Otx2 expression in WT and iRhoA_CA T24 cells, normalised to WT mean levels 

(N=3). E, Left, schematic of clonogenicity assay used as a measure of naïve pluripotency. Right: quantification of the 

percentage of surviving replated cells in a clonogenicity assay using WT and iRhoA_CA cells. Cells replated directly 

from 2i+L are used as a positive control (N=3). F, Representative single z-planes of a mix of control and EZR_CA 

transfected (positive for the EZR_CA _GFP) T24 cells immunostained for Otx2 and Nanog. G, Quantification of 

Nanog and Otx2 expression in T24 cells transfected or not with EZR_CA_GFP, normalised to T24 control mean 



 

 
 

(N=2). H, Quantification of surviving replated cells in a clonogenicity assay using T48 cells transfected with either 

GFP (control), EZR, EZR_CA. (N=4) I, Top 5 KEGG pathways terms and Cellular Components terms that are 

enriched in the differentially regulated genes (n = 1165 genes at T24 and n = 1922 genes at T48). A threshold of > 5 

was used for mean log2 expression, of >= 2.0 for fold enrichment, and of > 1% for proportion of regulated in each 

annotation.  Adjusted p-value threshold was set at 0.1. The enriched annotations were sorted on increasing p-value 

and the top 5 were selected. J, Representative images of T48 cells treated with DMSO, NSC23766 or MβCD. MβCD 

was used at 1 mM for 1 h every 24 h. NSC23766 was used at 25 μM for 1 h every 24 h (N=3). K, Trap force  

measurements of T48 cells treated with DMSO, NSC23766 or MβCD at similar concentrations as in J. (N=2). L, 

Clonogenicity assay used to measure efficiency of exit from naïve pluripotency using T48 cells and different 

treatments to affect membrane tension. T48 cells replated from N2B27+DMSO were used as control for drug 

treatment. (N=3). Graphical data represents mean ± SD unless specified otherwise. Each condition is normalised to 

their respective control. P values are calculated by Welch's unpaired student t-test. Scale bars = 10μm. 

 

  



 

 
 

 



 

 
 

Figure S4: Maintaining a high membrane tension impairs exit from naïve pluripotency independently 

of cell shape (related to Figure 4). A, B, Representative images  and associated quantification of morula injection 

experiment in which either control cells (H2B-mCherry) or iEZR_CA were injected at the 8 cells stage into the mouse 

embryo, which was then maintained in culture for 48 or 72h (see methods for details) (N=2). C, Same Nanog 

expression as in Figure 4C plotted in function of estimated cell density. Cell density was estimated by counting the 

number of cells and dividing by the pattern area. Data are colored based on size of pattern (red for 100 μm diameter 

and grey for 25-50 μm diameter). D, Schematic of the micropatterning assay combined with transfection of plasmids 

or siRNA. E, Fluorescent Western blot (inverted contrast) for ERM and Histone 3 in cells transfected with siSCR and 

siERM showing the efficiency of the knockdown. F, Trap force measurement of cells cultured on micropatterns and 

transfected or not with siRNA against ERM proteins. (N=2). G, Representative images of single z-planes in fixed T24 

cells treated with either SCR or ERM siRNA and cultured on micropatterns. H, Quantification of Myo1b and Myo1c 

RNA by qPCR assay in ES cells treated with either SCR, siMyo1b, siMyo1c and siMyo1b+siMyo1c. Data were 

normalised to Actb expression. I, Boxes and whiskers with 10-90 percentile plot of Nanog expression of T24 cells 

either transfected with siMyo1b, siMyo1c or siMyo1b+siMyo1c. Only data for cells constrained on small 

micropatterns are shown. P values are calculated by Mann-Whitney U here. Graphical data represents mean ± SD 

unless specified otherwise. P values are calculated by Welch's unpaired student t-test unless specidied otherwise. Scale 

bars = 10μm.  

 

 

 

 

 



 

 
 

 
Figure S5: Endocytosis levels regulate exit from naïve pluripotency (related to Figure 5).  A, 

Representative images of sum z-projections in round and spread T24 cells during a liquid phase uptake assay using 

fluorescent dextran or pH-sensitive fluorescent dextran. B, Left, quantification of liquid phase uptake using fluorescent 

dextran or pH-sensitive fluorescent dextran in T24 cells. Data are separated based on cell shape (round or spread). 

(Mean ± 95% Confidence Interval, N=2). C, Quantification of fluid phase uptake assay of WT & b-catenin KO ES 

cells. Data are normalised to WT ES cells average (N=3). D, Proliferation curves of WT and WT+Rab5a cells (N=2). 

E, Trap force measurements of iEZR_CA cells transfected with Rab5a, iEZR_CA trap force data are from Figure 3B. 

(N=2). F, Quantification of the percentage of surviving replated cells in a clonogenicity assay using ES and T48 cells, 

WT or iEZR_CA, transfected or not with Rab5a. Data for iEZR_CA T48 cells are from Figure 3E. (N=3). 

G, Quantification of Nanog expression of fixed T24 cells transfected with GFP as control or Rab5a, cultured on 

micropatterns. This shows that Rab5a transfection can also rescue exit defects in constrained cells cultured on 

micropatterns. Data are normalised to cells cultured on 100 μm diameter patterns (Unconstrained) (P values in this 

panel are calculated by Mann-Whitney U test; N=3).  Graphical data represents mean ± SD unless specified otherwise. 

P values are calculated by Welch's unpaired student t-test (unless specified otherwise) and are indicated in the figure. 

Scale bars = 10μm. 

 



 

 
 

 



 

 
 

Figure S6: ERK signalling and FGFR1 expression in exit from naïve pluripotency (related to Figure 

6). A, Quantification of phospho-ERK normalised to Histone 3 levels across several fluorescent Western blots 

(including Figure 6A) done on WT and iEZR_CA cells at different timepoints during exit from naïve pluripotency. 

The first peak of ERK activation is likely a direct effect of the removal of the inhibitors. The timing of the second 

peak approximately coincides with the timing of the decrease in membrane tension and cell spreading (N=5). Inset, 

data for T16 and T20 cells where values for WT and iEZR_CA in individual experiments are connected by a line 

(N=5). B, Similar as panel a, for phospho-ERK normalised to total ERK levels. C, Left, bar plot showing the average 

log2 fold change over all ERK-activated (n = 1879) or ERK-suppressed (n = 2169) at each of the three time-points. 

P-values indicate if these averages are significantly different to averages over randomly selected genes (computed 

using permutation test with replacement). Right, heatmap of ERK-target genes, either suppressed or activated during 

exit from naïve pluripotency (see methods for details). Colormap indicates the log2 fold change between expression 

in iEZR_CA compared to wild-type cells. For both subsets (suppressed or activated), the top 50 genes are shown 

(sorted based on magnitude of Erk-regulation in wild-type cells at T24). D, Quantification of the percentage of 

surviving replated cells in a clonogenicity assay using WT T48 and iEZR_CA T48 cells treated with 3μM BI-D1870. 

Cells replated directly from 2i+L are used as a positive control (N=6). E, Representative single z-plane images of a 

mixed population of WT and iERC_CA (positive in the mCherry channel) T24 cells, immunostained for Fgfr1. F, 

Quantification of average intracellular Fgfr1 levels in T24 cells across different conditions (N=3). G, Fluorescent 

Western blot (inverted contrast) for Fgfr1 and GAPDH in WT and iEZR_CA ES and T24 cells, and corresponding 

quantification (data are normalised to GAPDH). (N=3). H, Top, representative images of z projections of fixed ES 

cells in different conditions. Bottom, associated quantification of FRET ratio for each condition. P values are 

calculated by Welch's unpaired student t-test using ES cells as reference. PD03 was used at 1 μM. Dynasore was used 

at 10 μM. Displayed pictures have been smoothed (Gaussian blur). P-values are calculated by Welch's unpaired 

student t-test (unless specified otherwise). Graphical data represents mean ± SD unless specified otherwise. Scale bars 

= 10 μm. 
 

 

 

 

 

 

 

 

 

 

 

 


