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Figure 3: A decrease in membrane tension increases CHMP4B polymerisation rate in vitro 
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Figure 3: A decrease in membrane tension increases CHMP4B polymerisation rate in vitro 

A) Time-lapse confocal images rhodamine-PE labelled GUVs (red) were mixed (0min) with 1 µM CHMP4B-

Alexa488 (green), and incubated first in isotonic (250mOsm, 0-30min, white captions) and then in hypertonic (500 

mOsm, 0-30min, blue captions) solutions. Bar: 20 µm. B-D) Following experiment shown in (A), GUVs were 

switched to a hypotonic solution (200 mOsm) for 10min. B) shows a kymograph, C) mean intensity of CHMP4B on 5 

the bilayer over time; shaded area: SEM (N=13 GUVs), and D)  CHMP4B-Alexa488 mean intensity with time on the 

GUV during isotonic and hypertonic phases. E) Binding rates extracted from single exponential fits to data as shown 

in D) (N=6). Each point represents a single experiment, for which 3-13 GUVs were analysed. P=0.0021. F) CHMP4B-

Alexa488 mean intensity on GUVs under hypotonic (N=10 GUVs) and hypertonic conditions (N=8 GUVs). Binding 

rates are: hypotonic, 1/τ=0.0053 (±0.009150) s-1; hypertonic, 1/τ=0.05067 (±0.004313) s-1. G) The membrane tension 10 

of Rhod-PE GUVs (red) was adjusted using a micropipette, and measured by pulling a membrane tube with optical 

tweezers, while an isotonic solution containing CHMP4B (green) was injected (see diagram in Fig S6A). Time-lapse 

confocal images show CHMP4B membrane association at low (upper panel), and high membrane tension (lower 

panel). H) CHMP4B binding rates (1/τ) plotted against membrane tension, as obtained from several experiments (one 

per dot) as in G). A single exponential decay (black curve) was fitted (R2=0.76). I) Negative stain electron micrographs 15 

of LUVs incubated with 1µM CHMP4B for 2h in a hypotonic (upper panels) or hypertonic solution (lower panels) at 

low (left panels, bar: 100 nm) and high (right panels, bar: 200 nm) magnification. CHMP4B filaments are pseudo-

coloured in blue. J) Cryo-electron micrographs of LUVs in hypotonic and hypertonic conditions: CHMP4B filaments 

can be observed under hypertonic conditions (black arrowheads). Bars: left panels, 50 nm; right panels: 25 nm.  

 20 

To test this possibility, CHMP4B-decorated LUVs were analysed by cryo-electron microscopy. In 

these samples, regularly spaced filaments were clearly visible on the bilayer after incubation under 

hypertonic conditions, but almost never observed under hypotonic conditions (Fig 3J). 

Importantly, tubular and vesicular deformations, covered with CHMP4B filaments could be 

observed in hypertonic solutions, while essentially absent under hypotonic conditions (Fig 3J, Fig 25 

S8A-B). Furthermore, LUVs that were not decorated by filaments – even in hypertonic conditions 

– were not deformed (Fig 3J, Fig S6A-B). This strongly support the view that a decrease in 

membrane tension facilitates membrane deformation by ESCRT-III polymerization. 

Given the role of ESCRT-III in ILV formation, we wondered if a decrease of endosomal membrane 

tension could trigger ILV formation. First, we analysed the ultrastructure of endosomes after 30 

hypertonic shock by Correlative Light-Focused Ion Beam-Scanning Electron Microscopy (FIB-

CLEM). CHMP4B-labeled endosomes (Fig 4A) appeared more electron-dense after hypertonic 

shock when compared to untreated controls. Moreover, the density of endosomes containing BSA-

gold endocytosed for 15min (early endosomes) was increased after hypertonic shock when 

compared to controls (Fig 4B-C). Late endosomes containing endocytosed BSA gold chased for 35 
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2h were more electron-dense than early endosomes even without treatment, and yet the treatment 

also increased their density (Fig 4B-C). While this increase may be due to volume reduction (Fig 

2A-D), we reasoned that it may also result from an increased number of ILVs formed upon 

hypertonic shock. 

In FIB-SEM samples, the number of ILVs indeed seemed to increase in endosomes after 5 

hypertonic shock (Fig 4 A), supporting the view that ESCRT-III recruitment under hypertonic 

conditions triggers ILV formation. Furthermore, CHMP4B co-clustered with EGF on endosomes 

(Fig 4D) – presumably ILV buds – as seen by STED. To test whether ILVs formed upon hypertonic 

shock, we monitored EGF receptor sorting into RAB5Q79L endosomes that provide sufficient 

space resolution (12, 20). Cells were incubated with fluorescent EGF for 10min, and then EGF 10 

fluorescence intensity on the limiting membrane of enlarged endosomes was measured before and 

after hypertonic shock. Upon shock, the fluorescence intensity of CHMP4B increased (Fig 4 E,G), 

as expected (Fig 2A), concomitant with a decrease of EGF signal on the endosomes limiting 

membrane (Fig 4 E-F). Altogether, these observations show that a decrease in membrane tension 

causes the recruitment of CHMP4B on endosomal membranes, which in turn drives the formation 15 

of intralumenal vesicles containing the EGF receptor. 

These results suggested that membrane tension regulation may be at play during physiological 

trafficking of the EGF receptor. Indeed, EGF induces massive endocytosis of EGF receptor and 

stimulates ESCRT-dependent ILV formation in endosomes (21). Therefore, we measured 

membrane tension of endosomes using Lyso Flipper after EGF treatment. Interestingly, 20min 20 

after 200ng/ml EGF addition, the endosomal volume increased almost two fold (Fig 4H), as 

previously shown (22). More importantly, endosomal membrane tension was significantly reduced 

(Fig 4I, Fig S8E) showing that it is negatively regulated upon EGF-dependent ILV formation under 

physiological conditions. We propose that the fusion of endocytic vesicles containing the EGF 

receptor with endosomes increases the endosome membrane surface area, which in turn decreases 25 

membrane tension and promotes ILV formation by the ESCRT machinery (Fig 4J). 
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Figure 4: Tension-induced CHMP4B recruitment on endosomes triggers ILV formation  
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Figure 4: Tension-induced CHMP4B recruitment on endosomes triggers ILV formation  

A) CLEM-FIB-SEM micrographs of cells expressing CHMP4B-GFP treated with hypertonic medium (800 mOsm) 

for 10min. A whole cell section (upper panel, bar: 5 µm) shows CHMP4B-GFP decorated endosomes (left panel) in 

boxed areas 1 and 2 (high magnification in lower panels, bar 1 µm). Lower control panel shows a typical endosome 

under isotonic condition (bar: 1 µm). B-C) From FIB-SEM micrographs (B) of cells loaded with BSA-gold, electron 5 

density of BSA-gold labelled early endosomes (EE), or of late endosomes (LE) was measured before (blue) and after 

(red) a 10min hypertonic shock (C). Error bar is SD (≥100 endosomes in 2 independent replicates, ***P<0.0001). D) 

STED microscopy images of cells expressing CHMP4B-GFP (green), incubated 10 minutes with far red EGF (red) 

and then subjected to 10min hypertonic shock. Bar: 2 μm High magnification (right panels) bars: 500 nm. E) Time-

lapse confocal images of Hela-CHMP4B-GFP cells overexpressing RAB5Q79L-mcherry incubated 10 minutes with 10 

EGF-Alexa647, and subjected to hypertonic shock. F) Ratio of EGF fluorescence colocalizing with RAB5Q79L 

membrane over total EGF signal, normalized by the initial value. G) Intensity of CHMP4B-GFP on Rab5Q79L 

membrane. For G) and F), shaded areas are SEM (N=21 endosomes from 3 independent replicates (hypertonic shock) 

and N=16 endosomes from 3 independent replicates (control condition, isotonic). H) Volumes of endosomes stained 

with Lyso Flipper before and 20min after 200 ng/ml EGF treatment. Dots correspond to single endosomes. Black line: 15 

Mean±SD (N=266 endosomes from 3 independent replicates (before) and N=308 from 3 independent replicates 

(after). ***P<0.0001. I) Lyso Flipper lifetime measurements before and 20min after 200 ng/ml EGF treatment. Thin 

lines: 5 independent replicates (a few hundreds of endosomes from more than 3 cells each); thick red line: mean±SEM, 

*P<0.05 (Wilcoxon test). J) Schematic of a putative mechanism for membrane tension dependent ILV formation by 

ESCRT-III machinery (see text). 20 

In conclusion, our in vitro data unambiguously demonstrate that CHMP4B can polymerize on the 

membrane only when membrane tension is lowered. The precise role of lipid organization and 

packing in CHMP4B membrane association remains unclear. However, it is tempting to speculate 

that decreased tension, which influences lipid packing and lateral mobility (23), directly facilitates 

membrane interactions with CHMP4B. Clearly, it can be expected that in vivo such interactions 25 

are stabilized by the coincident detection of multiple binding partners (24) and protein-protein 

interactions. Indeed, we find that both ALIX and TSG101, which interact physically with each 

other (25), act as ESCRT-III nucleator in vivo. Our data indicate that CHMP4B recruitment under 

hypertonic conditions and LLOMe treatment exhibit some preference for ALIX and TSG101, 

respectively, perhaps reflecting subtle changes in membrane organization — hence in the capacity 30 

to interact with ALIX or TSG101 — after either treatment.  

As CHMP4B uses membranes as a substrate to polymerize, a lower tension likely facilitates 

ESCRT polymerisation in its preferred curvature radius. Conversely, high tension may inhibit 

CHMP4B binding as the polymerisation energy will not be sufficient to allow membrane 
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deformation. It is tempting to speculate that this mechanism is shared by all ESCRT-III mediated 

reactions, and that membrane tension drives all ESCRT-III dependent processes. 
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