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Cell membranes are resilient materials 



Antonny et al. (2015) Trends Cell Biol.

The hydrophobic effect ensures resilience

organization [43]. Second, many ER chaperones are depen-
dent on calcium [44], the homeostasis of which is altered
under palmitate accumulation.

Intriguingly, recent studies suggest that lipid disequi-
librium could induce UPR by a direct effect on IRE1 and
PERK [45,46]. Mutants of these proteins lacking the lumi-
nal unfolded protein-sensing domain still respond to in-
creased lipid saturation [45]. Moreover, increasing PL
saturation in reconstituted liposomes that are devoid of
unfolded ER client proteins enhanced the activity of a
PERK variant devoid of its luminal domain [45]. Even
though the mechanism for saturated PL-induced PERK
clustering is a matter of debate [47], these observations
suggest that misfolded protein accumulation may not be
the only signal for UPR induction under SFA accumula-
tion. Dimerization of IRE1 and PERK upon overload of the
ER membrane with saturated-PLs might allow the cell to
anticipate future protein misfolding problems induced by
these lipids. Conversely, the fact that a component of the
ERAD machinery, Ubx2p, has been identified as a key
activator of yeast D9 desaturase [48] suggests a feedback
loop whereby ER stress induced by misfolded proteins
promotes correction of the ER unsaturation level.

PL monounsaturation, membrane curvature, and
protein adsorption
How the ratio between saturated and monounsaturated
PLs controls transmembrane helices oligomerization at
the ER remains elusive, although several mechanisms
have been proposed [49]. By contrast, the monounsaturat-
ed/saturated PL ratio has another impact that is more

straightforward to rationalize. Introducing monounsatu-
rated PLs at the expense of saturated ones facilitates the
membrane adsorption of several cytosolic proteins acting
on the ER or ER-derived organelles such as autophago-
somes or Golgi [2]. In general, these proteins contain large
amphipathic membrane anchors, and their preference for
monounsaturated PLs correlates with an acute sensitivity
to membrane curvature [2,50,51].

The motifs that allow peripheral proteins to sense the
combinatory effects of monounsaturated PLs ratio and
membrane curvature have been reviewed elsewhere
[50]. We recall here the underlying mechanism, which
revolves around the idea of ‘voids’ or lipid-packing defects
(Figure 2A). In this simple geometrical model, lipids are
considered as rather stiff objects. When membrane curva-
ture increases, or when monounsaturated PLs are substi-
tuted for saturated ones, the lipid geometrical
arrangement is perturbed and packing defects gradually
appear, which could host hydrophobic anchors from pro-
teins [52,53].

Combining the effect of curvature and lipid monounsa-
turation in vitro can change protein adsorption by two
orders of magnitude, suggesting a potent regulatory mech-
anism [50–52,54]. Testing the relevance of this mechanism
in vivo is challenging because it requires mastering both
the geometry and lipid composition of cellular membranes.
However, recent data are in agreement with the model.
Excess levels of saturated PLs hamper processes as diverse
as ER-to-Golgi trafficking or autophagosome formation,
and promote the membrane dissociation of some key asso-
ciated proteins [54–57].
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Figure 2. Cooperation between monounsaturated phospholipids (PLs) and curvature for protein insertion. (A) Elementary view of the effects of membrane curvature and
lipid monounsaturation on the formation of lipid-packing defects. This naive model considers the gross shape of lipids as well as their relative tilting due to curvature. It
accounts, at least qualitatively, for the cumulative effects of membrane curvature and lipid monounsaturation on the adsorption of model amphipathic motifs at the
membrane-water interface [50,52,53]. (B) Molecular dynamics simulations give a more realistic view of the effect of lipid composition and membrane shape on the
formation of lipid-packing defects [54,58–60]. The example shown here considers a membrane tube made of a single lipid (C16:0-C18:1-PC) that has been ‘coarse-grained’ to
minimize calculations. Scanning the membrane surface allows identifying ‘voids’ (i.e., lipid-packing defects). The statistical distribution of these voids confirms the
cumulative effects of membrane curvature and monounsaturation on lipid-packing defects.
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How then are organelles formed ?

Xu & Esko (2009) Nature Chemical Biology
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Figure 3
Lipid domain–driven curvature generation and fission. (a) Domain-driven membrane budding and curvature generation. Budding of a
membrane domain ( green) and formation of a narrow neck are consequences of line tension and the need to reduce the length of the
energetically unfavorable domain boundary (red ). Deformation of the lipid molecules in opposing monolayers in the curved bud and at
the narrow neck is shown for comparison. Lipids in the outer monolayer adopt extended conformations, whereas those in the inner
monolayer, especially in areas of high curvature, become compressed and splayed. (b) Factors augmenting local thinning at the neck
include the formation of lipid microdomains ( green) with a circular boundary (red ), which tends to squeeze, and/or the accumulation of
lipids with negative spontaneous curvature ( gold ) in the most deformed (i.e., thinnest) parts of the tube. These factors, in turn, decrease
the barrier for transformation into a hemifission intermediate. (c) At high curvatures the lipid tails in the inner monolayer of the neck
are severely splayed in the radial direction (black arrow) so that their effective length is much shorter than in the planar state. Tilting in
the axial direction (red arrow) remains the only option to stretch the tails ( purple). (d ) Simulations of membrane fusion events
demonstrate that accumulation of tilted lipids in the contact zone results in formation of a stable stalk-like structure. Adapted with
permission from Smirnova et al. (2010); copyright c⃝ 2010 American Chemical Society.
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Through membrane fission

Thus, the critical intermediates can reached by more than one mechanisms
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Figure 3
Lipid domain–driven curvature generation and fission. (a) Domain-driven membrane budding and curvature generation. Budding of a
membrane domain ( green) and formation of a narrow neck are consequences of line tension and the need to reduce the length of the
energetically unfavorable domain boundary (red ). Deformation of the lipid molecules in opposing monolayers in the curved bud and at
the narrow neck is shown for comparison. Lipids in the outer monolayer adopt extended conformations, whereas those in the inner
monolayer, especially in areas of high curvature, become compressed and splayed. (b) Factors augmenting local thinning at the neck
include the formation of lipid microdomains ( green) with a circular boundary (red ), which tends to squeeze, and/or the accumulation of
lipids with negative spontaneous curvature ( gold ) in the most deformed (i.e., thinnest) parts of the tube. These factors, in turn, decrease
the barrier for transformation into a hemifission intermediate. (c) At high curvatures the lipid tails in the inner monolayer of the neck
are severely splayed in the radial direction (black arrow) so that their effective length is much shorter than in the planar state. Tilting in
the axial direction (red arrow) remains the only option to stretch the tails ( purple). (d ) Simulations of membrane fusion events
demonstrate that accumulation of tilted lipids in the contact zone results in formation of a stable stalk-like structure. Adapted with
permission from Smirnova et al. (2010); copyright c⃝ 2010 American Chemical Society.
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Figure 3
Lipid domain–driven curvature generation and fission. (a) Domain-driven membrane budding and curvature generation. Budding of a
membrane domain ( green) and formation of a narrow neck are consequences of line tension and the need to reduce the length of the
energetically unfavorable domain boundary (red ). Deformation of the lipid molecules in opposing monolayers in the curved bud and at
the narrow neck is shown for comparison. Lipids in the outer monolayer adopt extended conformations, whereas those in the inner
monolayer, especially in areas of high curvature, become compressed and splayed. (b) Factors augmenting local thinning at the neck
include the formation of lipid microdomains ( green) with a circular boundary (red ), which tends to squeeze, and/or the accumulation of
lipids with negative spontaneous curvature ( gold ) in the most deformed (i.e., thinnest) parts of the tube. These factors, in turn, decrease
the barrier for transformation into a hemifission intermediate. (c) At high curvatures the lipid tails in the inner monolayer of the neck
are severely splayed in the radial direction (black arrow) so that their effective length is much shorter than in the planar state. Tilting in
the axial direction (red arrow) remains the only option to stretch the tails ( purple). (d ) Simulations of membrane fusion events
demonstrate that accumulation of tilted lipids in the contact zone results in formation of a stable stalk-like structure. Adapted with
permission from Smirnova et al. (2010); copyright c⃝ 2010 American Chemical Society.
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Figure 3
Lipid domain–driven curvature generation and fission. (a) Domain-driven membrane budding and curvature generation. Budding of a
membrane domain ( green) and formation of a narrow neck are consequences of line tension and the need to reduce the length of the
energetically unfavorable domain boundary (red ). Deformation of the lipid molecules in opposing monolayers in the curved bud and at
the narrow neck is shown for comparison. Lipids in the outer monolayer adopt extended conformations, whereas those in the inner
monolayer, especially in areas of high curvature, become compressed and splayed. (b) Factors augmenting local thinning at the neck
include the formation of lipid microdomains ( green) with a circular boundary (red ), which tends to squeeze, and/or the accumulation of
lipids with negative spontaneous curvature ( gold ) in the most deformed (i.e., thinnest) parts of the tube. These factors, in turn, decrease
the barrier for transformation into a hemifission intermediate. (c) At high curvatures the lipid tails in the inner monolayer of the neck
are severely splayed in the radial direction (black arrow) so that their effective length is much shorter than in the planar state. Tilting in
the axial direction (red arrow) remains the only option to stretch the tails ( purple). (d ) Simulations of membrane fusion events
demonstrate that accumulation of tilted lipids in the contact zone results in formation of a stable stalk-like structure. Adapted with
permission from Smirnova et al. (2010); copyright c⃝ 2010 American Chemical Society.
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Neck can be approximated as a membrane tube

A bottom-up approach  
to analyze membrane fission
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‘Clean’ substrates for fission

SEM

Dar et al. (2017) Nat. Protoc.
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Typical workflow
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After fission

Clean substrates give clean read-outs



Dynamin added in presence of GTP
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