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ABSTRACT
Plasma membrane tension strongly affects cell surface processes, such as migration, endocytosis
15

and signalling. However, it is not known whether membrane tension of organelles regulates their
functions, notably intracellular traffic. The ESCRT-III complex is the major membrane
remodelling complex that drives Intra-Lumenal Vesicle (ILV) formation on endosomal
membranes. Here, we made use of a new fluorescent membrane tension probe to show that
ESCRT-III subunits are recruited onto endosomal membranes when membrane tension is reduced.
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We find that tension-dependent recruitment is associated with ESCRT-III polymerization and
membrane deformation in vitro, and correlates with increased ILVs formation in ESCRT-III
decorated endosomes in vivo. Finally, we find that endosomal membrane tension decreases when
ILV formation is triggered by EGF under physiological conditions. These results indicate that
membrane tension is a major regulator of ILV formation and of endosome trafficking, leading us
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to conclude that membrane tension can control organelle functions.

One Sentence Summary: Membrane tension decrease facilitates membrane remodeling by
ESCRT-III polymerization during intra-lumenal vesicle formation.
30
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Basic cellular functions are controlled by plasma membrane tension (1). We wondered whether
membrane tension could also regulate the remodelling of endosomal membranes. The ESCRT-III
complex functions as a general membrane deformation and fission machinery in an orientation
opposite to endocytosis, away from the cytoplasm. It plays essential roles in cytokinetic abscission,
5

viral budding, nuclear envelope reformation (2-5), as well as plasma membrane (6) and lysosome
membrane repair (7). As it drives ILV formation in endosomes (7), we wondered whether ESCRTIII function could be controlled by endosomal membrane tension.
To test this, we used HeLa-Kyoto cells stably expressing the ESCRT-III subunit CHMP4B-GFP
at low, near-endogenous levels. In these cells, CHMP4B-GFP showed mostly a diffuse, nuclear
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and cytosolic pattern, with few dots presumably corresponding to endosomes (Fig 1A). This
distribution changed dramatically after hyperosmotic shock (+0.5M sucrose, final osmolarity
~830mOsm): CHMP4B-GFP relocalized to cytoplasmic punctae (Fig 1A, Movie S1), as did
endogenous CHMP4B in HeLa MZ cells (Fig S1E). The redistribution was both rapid (Fig 1B-C)
and transient (Fig 1D): CHMP4B punctae appeared within minutes after hypertonic shock (Fig
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1A-B,D,F), with a maximum at ≈20 min (Fig 1D), and then disappeared with slower kinetics (Fig
1D-E, Movie S2). The number of CHMP4B punctae increased with increasing osmolarity above
the physiological level (Fig S1F). By contrast, neither hypotonic nor isotonic medium addition
triggered CHMP4B relocalization (Fig 1B and Fig S1C). Relocalization was not dependent on the
chemical nature of the osmolyte, as it could be recapitulated with the addition of 250mM NaCl to
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a final osmolarity ~830mOsm (Fig S1B). Furthermore, the disappearance of CHMP4B punctae
could be accelerated by replacing the hypertonic medium with isotonic medium (Fig S1J) or even
more so with hypotonic medium (Fig 1F-G).
These punctae were not CHMP4B aggregates, as after photobleaching CHMP4B fluorescence
recovered to ≈ 80% of the initial value with a t1/2 ≈ 1 min (Fig 1H-I), showing that subunits were
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readily exchanged with cytosolic CHMP4B. Moreover, this fast turnover was inhibited by
overexpression of the dominant negative mutant K173Q of VPS4 (Figure S1D). Because Vps4dependent high-turnover of ESCRT-III subunits is associated with functionality of the ESCRT-III
assemblies (8), our results support the view that CHMP4B punctae observed after hypertonic shock
are functional assemblies of ESCRT-III. We conclude that hypertonic conditions stimulated the
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rapid and transient recruitment of ESCRT-III onto cytoplasmic structures.
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We next wondered whether these structures were endosomes. Indeed, CHMP4B after hypertonic
shock colocalized with the early endosomal marker EEA1 (Figure 1J), and to a lesser extent with
the late endosomal markers LAMP1 and lysobisphosphatidic acid (LBPA) (Fig 1J). Similarly,
CHMP4B colocalized with internalized transferrin (Fig S1H-I) or EGF (Fig S1G) labelling early
5

endosomes — but to a lesser extent with chased EGF labelling late endosomes (Fig S1G).
Consistently, subcellular fractionation showed that CHMP4B was increased in endosomal
membrane fractions after hypertonic shock (Fig S1A). Among other ESCRT-III subunits,
CHMP1B and the triple A ATPase VPS4 showed an enhanced punctate distribution, but not
CHMP3 (Fig 1K-L; Fig S2A, Fig S3A). Altogether, these observations show that most ESCRT-
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III subunits were recruited onto endosomes after hypertonic shock.
The major components of ESCRT-0 and ESCRT-I, STAM and TSG101 respectively, were not
recruited suggesting that those complexes remained unaffected upon hypertonic shock (Fig 1L,
Fig S2A, Fig S3A). As ESCRT-0, -I and -II promote ESCRT-III nucleation, we wondered if the
ESCRT-III relocalization depended on its known nucleators, ESCRTs and ALIX. ALIX was
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efficiently recruited onto endosomes after hypertonic shock (Figure 1K-L, Fig S2A, Fig S3A).
Remarkably, ALIX depletion with siRNAs partially inhibited CHMP4B membrane recruitment
(Fig 1M-N; Fig S4), showing that the process depends on ALIX at least in part. While TSG101
depletion only slightly reduced CHMP4B recruitment, the double ALIX-TSG101 knock-down
was the most efficient in inhibiting CHMP4B membrane recruitment (Fig 1N; Fig S4), consistent
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with the view that ALIX and TSG101 function in parallel pathways (9). Altogether, these data
indicate that hypertonic conditions cause the selective recruitment of ESCRT-III subunits onto
endosomal membranes through its nucleators.
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Figure 1: Hypertonic shock triggers fast and transient CHMP4B recruitment on endosomes.
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Figure 1: Hypertonic shock triggers fast and transient CHMP4B recruitment on endosomes.
A) Confocal projections of HeLacells stably expressing CHMP4B-GFP before and after a 5min incubation with a
hypertonic solution (800 mOsm). Bar: 10 µm. B) Average number of CHMP4B punctae per cell with time after
hypertonic (~800 mOsm), isotonic (~330 mOsm) or hypotonic (~250 mOsm) shocks. Shaded areas: mean ± SEM
5

(N=27-31 cells from 3 independent replicates). C) Mean intensity of CHMP4B-GFP punctae over time. Shaded areas:
mean ± SD (N=821 punctae from 19 cells from 3 independent replicates). D) Mean intensity of CHMP4B punctae
(Red curve, red shaded area: SEM) and average number of CHMP4B punctae per cell (green curve, green shaded area:
SD) over 100 min. (N=27 cells, 3 independents replicates). E) Confocal projections of CHMP4B-GFP HeLacells for
later time points (15 and 90 min) after hypertonic shock. Bar: 10 µm. F) Average number of CHMP4B-GFP punctae
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per cell during a 15min hypertonic shock (~800 mOsm, Blue) followed by 15min of hypotonic shock (~250 mOsm,
grey). Shaded area: SD (N=47 cells from 3 independent replicates). G) Representative confocal projections of one
experiment quantified in (F). Bar: 10 µm. H) Mean fluorescence recovery curve after photobleaching of CHMP4BGFP punctae, fitted with a double exponential (dotted line). Shaded area: SEM (N=33 punctae from 3 independent
replicates). I) Representative confocal images of one experiment quantified in (H). Bar: 5 µm. J) and K) Confocal
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images of immunofluorescences showing colocalization (arrows) of several endosomal (J) and ESCRT markers (K)
with CHMP4B punctae after 10min hypertonic shock. Bars: J), 5 µm, K) 4 µm. L) Quantification of punctae number
per cell from confocal images of immunofluorescence before (black) and after 30min hypertonic shock (red) for
various markers. Bars are mean±SEM. One dot corresponds to the average number of punctae per cell in one field of
view (few tens of cells per field) normalized to the average number before shock (black). M) Confocal images of
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CHMP4B-GFP HeLacells before and after 10min hypertonic shock, pre-treated with anti-ALIX siRNAs or control
siRNAs against VSV-G. Bar: 15 µm. N) Mean number of CHMP4B punctae per cell, for cells treated with control
siRNAs or siRNAs against ALIX, TSG101 or both, before and after hypertonic shocks of various duration. (N>2000
cells, from 3 independent replicates).
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Hypertonicity of the extracellular medium causes cytoplasmic volume reduction through water
expulsion, which results in a decrease of plasma membrane tension (10). We reasoned that, after
hypertonic shock, the endosome volume and in turn membrane tension should also be reduced. In
order to measure the volume of individual endosomes, cells were transfected with the
constitutively active RAB5 mutant RAB5Q79L, to generate enlarged early endosomes amenable
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to software-based segmentation. Upon hypertonic shock, CHMP4B was rapidly recruited onto
defined regions of these large endosomes (Fig 2A-B), corresponding to ESCRT domains (11, 12).
Strikingly, hypertonic conditions decreased the volume of RAB5Q79L endosomes by more than
50% (Fig 2B-C). Endosomal volume also decreased by almost 40% after hypertonic shock applied
to non-transfected MDA-MB-231 cells, which have intrinsically large endosomes (Fig 2D).
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We then investigated whether the decrease in endosomal volume observed after hypertonic shock
was correlated with a decrease in membrane tension. To this end, we used a modified version of
FliptR (Fluorescent lipid tension Reporter, also called Flipper-TR), a probe that reports changes in
membrane tension by changes in fluorescence lifetime (10), called Lyso Flipper which selectively
5

targets acidic compartments (13). After hypertonic shock, the fluorescence lifetime of Lyso Flipper
decreased, showing that hypertonicity reduced membrane tension of endosomes (HeLa MZ cells:
Fig 2E-F; MDA-MD-231 cells: Fig S5A). This decrease in membrane tension correlated with
endosomal volume change in cells expressing RAB5Q79L incubated for 2h at 37°C with FliptR
in order to label endosomes (Lyso Flipper did not stain well mildly acidic RAB5Q79L endosomes).
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After hypertonic shock, the lifetime of FliptR decreased (Fig 2G-H), suggesting that hypertonicity
reduced membrane tension of endosomes by deflating them (Fig 2A-C). Thus, hypertonic
conditions decrease endosomal membrane tension, which in turn may trigger ESCRT-III
recruitment. Alternatively, hypertonic conditions may also trigger ESCRT-III recruitment by
increasing the cytosolic concentration of its subunits. We thus investigated conditions in which
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membrane tension could be decreased without changing cytosolic concentrations.
We reasoned that tension may also decrease upon membrane damage. To this end, we used the
small

peptide

LLOMe

(L-Leucyl-L-Leucine

methyl

ester),

which

causes

transient

permeabilization of late endosomes and lysosomes (14) as illustrated by the rapid neutralization
of the endo-lysosomal pH followed by a slower recovery, almost complete after 2h (Fig 2I-J, Fig
20

S6A,C,F-G, Movie S3). Treatment with LLOMe caused fast and transient recruitment of
CHMP4B-GFP (Fig2I, K-L, Fig S6B-D,F, Movie S3, S4) onto late endocytic compartments prior
to re-acidification (Fig2I and Fig S6C), in good agreement with reports (7, 15) that ESCRT-IIImediated lysosome repair precedes lysophagy and promotes cell survival (15).
As observed under hypertonic conditions, CHMP1B, ALIX and VPS4B are recruited onto
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endosomal membranes by LLOMe. However, other subunits of ESCRT-0, ESCRT-I or ESCRTIII (CHMP3) were also recruited to varying extents by LLOMe (Fig 2M-N vs Fig 1L and Fig S2B,
S3). Much like after hypertonic shock, Lyso Flipper lifetime decreased after LLOMe treatment,
indicating that endosomal membrane tension decreased (Fig 2O, Fig S5C). By contrast, the
membrane tension of RAB5Q79L early endosomes was not affected by LLOMe (Fig 2P, Fig S5B),
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consistent with the fact that LLOMe selectively targets late and acidic endosomal compartments
(14).
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Depletion of TSG101 by RNAi prevented both membrane recruitment of CHMP4B (Fig 2Q, Fig
S4, Fig S6F) and re-acidification (Fig 2J, Fig S6E) in LLOMe-treated cells, confirming that
ESCRT-III membrane recruitment is required to repair membrane damage. Altogether, these data
indicate that ESCRT-III is recruited onto late endocytic compartments after membrane damage,
5

presumably because membrane tension was relaxed. However, it is also possible that the
membrane pores generated by LLOMe directly recruit ESCRT-III rather than decreased tension.
We thus searched for a direct approach to show that a decrease in membrane tension promotes
assembly of ESCRT-III molecules to the membrane.
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Figure 2: Hypertonic shock and LLOMe decrease membrane tension of endosomes.
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Figure 2: Hypertonic shock and LLOMe decrease membrane tension of endosomes.
A) Confocal images of HeLaCHMP4B-GFP cells expressing mCherry-Rab5Q79L before and after a 20min hypertonic
shock. Bar: 5 µm. B) Average volume of Rab5Q79L endosomes (red curve, shaded area is SD) and average intensity
of CHMP4B-GFP (green curve, shaded area is SD) after hypertonic shock (time 0), and normalized to initial value.
5

(N=12 RAB5Q79L endosomes). C) Volumes of single RAB5Q79L endosomes before (black) and after a 10min
hypertonic shock (red) (N=31 endosomes from 3 independent replicates). D) Volumes of single MDA-MB-231
endosomes labeled with FM4-64 before (black) and after (red) a 10min hypertonic shock. (N=34 endosomes from 3
independent replicates). E) FLIM images of HeLaendosomes labelled with Lyso Flipper before and after 10min
hypertonic shock. Bar: 10 µm. F) Lyso Flipper lifetime measurements from (E) before and after hypertonic shock.
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Thin coloured lines: 4 independents experiments; thick red line: mean with SEM. G) FLIM images of FliptR-labelled
mCherry-RAB5Q79L endosomes in live HeLa MZ cells before and after a 20min hypertonic shock. Bar: 5 µm. H)
FliptR lifetime measurements from 3 independent experiments as shown in (G). Thin coloured lines: single
experiments; thick red line: mean±SEM of the 3 experiments; I) Confocal images of live HeLaCHMP4B-GFP cells
labelled with LysoTracker before and after a 10min incubation with 0.5mM LLOMe. Bar: 10 µm. J) Average number
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of LysoTracker punctae per cell (from 3 independent replicates), and for cells treated with control siRNAs (VSV,
blue) or siRNAs against TSG101 (green). Error bars: SEM. K) Average number of CHMP4B-GFP punctae per cell
with time, during and after LLOMe treatment. Shaded area: SEM (N=33 cells from 3 independent replicates). L)
Recovery after photobleaching of individual CHMP4B-GFP punctae induced by LLOMe treatment. Shaded area:
SEM. (N=14 endosomes from 3 independent replicates). M) Confocal images of immuno-fluorescence against several
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markers after 10min incubation with LLOMe treatment. Bar: 4 µm. N) Number of punctae per cell for different
ESCRT subunits before (black) and after LLOMe treatment (red). Each dot represents the mean number of ESCRT
punctae/cell in one field of view, with several tens of cells per field (mean ± SEM). O) Lyso Flipper lifetime
measurements before and 5min after LLOMe addition (quantification as in F). Thin coloured lines: independent
experiments; thick red line: mean with SEM. P) FliptR lifetime measurements of RAB5Q79L endosomes before and
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10min after LLOMe treatment (lifetime was measured as in F). Thin coloured lines: independents experiments; thick
red line: mean with SEM. Q) Average number of CHMP4B-GFP punctae per cell before (control) and after treatment
with LLOMe in cells transfected with control siRNAs (siVSV) or siRNAs against TSG101. Error bars are SEM. In F,
H, O and P, for each experiment, average fluorescent lifetimes were calculated from >500 endosomes taken from at
least 3 different cells. Asterisks accounts for ***P<0.0001 (Wilcoxon test).

30

To this end, we used purified, recombinant human CHMP4B labelled with Alexa 488 and, as
model membranes, giant unilamellar vesicles (GUVs). The GUV lipid composition was dioleoylphosphatidylcholine (DOPC):dioleoyl-phosphatidylserine (DOPS) [60:40 Mol%], negatively
charged lipid DOPS being required for CHMP4B association to the bilayer (16). Upon incubation
35

with 1µM CHMP4B under isotonic conditions (250mOsm), CHMP4B was detected on the bilayer
after 30min, consistent with the relatively slow kinetics of nucleation and filament growth (16)
9
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(Fig 3A-C). Replacement of isotonic with hypertonic solution (500mOsm) caused a three-fold
increase in the binding rate of CHMP4B to the GUV (Fig 3A-E, Movie S5) — binding rates can
be extracted from exponential fits (Fig 3E). By contrast, almost no CHMP4B binding was observed
under hypotonic conditions (Fig 3F). Moreover, following the hypertonic treatment, a hypotonic
5

solution essentially stopped CHMP4B binding (Fig 3C, and see kymograph in Fig 3B), further
demonstrating the role of osmotic pressure in the recruitment process. Similar results were
obtained with Snf7, the yeast CHMP4 homologue (Fig S7H-I). These data show that hyperosmotic
conditions stimulate CHMP4B binding to artificial membranes in vitro, much like on endosomes
in vivo.
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To change membrane tension without changing osmolarity, we controlled tension by aspirating
GUVs with micropipettes and monitored CHMP4B membrane binding rates (see outline in Fig
S7A), while an isotonic solution containing CHMP4B was injected. Then, the aspiration pressure
was decreased (Fig S7A), as evidenced by the disappearance of the membrane tongue in the pipette
(Fig S7F). The decrease in membrane tension nicely correlated with an almost two-fold increase
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in CHMP4B binding rate (Fig.S7G). Finally, the dependence of CHMP4B binding rate on tension
was quantified directly. Membrane tension was measured by pulling membrane tubes from GUVs
(16) using optical tweezers (17) (Fig 3G). CHMP4B binding rate inversely correlated with
membrane tension. An exponential-fit revealed that above a threshold tension of 0.1 mN.m-1,
CHMP4B binding rate was severely reduced (Fig 3H). Interestingly, this threshold value is similar
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to Chmp4B/Snf7 polymerization energy (16), suggesting that tension could directly compete with
CHMP4B polymerization (18).
To visualize CHMP4B oligomers onto the membrane under varying osmotic conditions, large
unilamellar vesicles (LUVs) were incubated with 1µM CHMP4B, negatively stained and analysed
by electron microscopy. Under hypertonic conditions, CHMP4B formed spirals (Fig 3I; Fig S8D),
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resembling the spirals formed by Snf7 in vitro (16), and observed with CHMP4B in vivo (19) (Fig
3I; Fig S8D). Such spirals were rarely observed under isotonic conditions and almost never under
hypotonic conditions (Fig 3I; Fig S8C). These data further confirmed that CHMP4B membrane
polymerization is facilitated by a decrease in membrane tension. We hypothesized that membrane
deformation coupled to ESCRT-III polymerization is energetically more favourable when

30

membrane tension is low (16). In this case, one would expect CHMP4B polymerization to cause
membrane deformation.
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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 CHMP4BAlexa488 (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
5

switched to a hypotonic solution (200 mOsm) for 10min. B) shows a kymograph, C) mean intensity of CHMP4B on
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) CHMP4BAlexa488 mean intensity on GUVs under hypotonic (N=10 GUVs) and hypertonic conditions (N=8 GUVs). Binding
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rates are: hypotonic, 1/τ=0.0053 (±0.009150) s-1; hypertonic, 1/τ=0.05067 (±0.004313) s-1. G) The membrane tension
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
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per dot) as in G). A single exponential decay (black curve) was fitted (R2=0.76). I) Negative stain electron micrographs
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 pseudocoloured 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.
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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
25

observed in hypertonic solutions, while essentially absent under hypotonic conditions (Fig 3J, Fig
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
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tension could trigger ILV formation. First, we analysed the ultrastructure of endosomes after
hypertonic shock by Correlative Light-Focused Ion Beam-Scanning Electron Microscopy (FIBCLEM). CHMP4B-labeled endosomes (Fig 4A) appeared more electron-dense after hypertonic
shock when compared to untreated controls. Moreover, the density of endosomes containing BSAgold endocytosed for 15min (early endosomes) was increased after hypertonic shock when
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compared to controls (Fig 4B-C). Late endosomes containing endocytosed BSA gold chased for
12
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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.
5

In FIB-SEM samples, the number of ILVs indeed seemed to increase in endosomes after
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
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space resolution (12, 20). Cells were incubated with fluorescent EGF for 10min, and then EGF
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
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causes the recruitment of CHMP4B on endosomal membranes, which in turn drives the formation
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
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membrane tension of endosomes using Lyso Flipper after EGF treatment. Interestingly, 20min
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

25

receptor with endosomes increases the endosome membrane surface area, which in turn decreases
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
5

under isotonic condition (bar: 1 µm). B-C) From FIB-SEM micrographs (B) of cells loaded with BSA-gold, electron
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-
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lapse confocal images of Hela-CHMP4B-GFP cells overexpressing RAB5Q79L-mcherry incubated 10 minutes with
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

15

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

20

ESCRT-III machinery (see text).

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
25

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

30

respectively, perhaps reflecting subtle changes in membrane organization — hence in the capacity
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
15
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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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