
Until now, autophagy was the only process 
known to degrade whole organelles. How-
ever, in autophagy, degradation occurs by 
the delivery of organelles to lysosomes, which 
use enzymes called hydrolases to digest the 
organelle’s various components, such as pro-
tein, DNA and lipids. The authors postulate 
that a phospholipase-dependent pathway 
could be more efficient than autophagy in 
circumstances such as lens development. 
This is because lens development requires the 
elimination of many types of organelle, includ-
ing lysosomes, as opposed to the selective 
elimination of specific organelles, as occurs 
in autophagy. Indeed, this is the first report 
to describe the fate of lysosomes during lens 
development.

Lens differentiation is a spatio-temporally 
controlled process, in which organelles in 
the centre of the lens are degraded first, with 
degradation then continuing outwards to the 
lens periphery. Among the many transcrip-
tion-factor proteins involved in this process, 
Hsf4 has a prominent role, and mutations 
in the gene encoding Hsf4 are associated 
with congenital cataracts8. Morishita and 
co-workers show that the development of 
small pores in the membranes of mitochon-
dria and lysosomes in zebrafish occurs in an 
Hsf4-dependent manner, and that this acts 
as a signal for HRASLS-family phospholipases 
to relocate to these organelles. The authors 
report that pore formation in the lysosomal 
membrane triggers the partial release of its 
contents, including some DNA-degrading 
enzymes, into the cytosol. This occurs before 
phospholipase translocation to the lysosome 
results in the release of the entire contents 
of the organelle. Importantly, the authors 
demonstrate that lysosomal damage by 
pore-forming agents is sufficient to trigger 
phospholipase translocation to lysosomes. 

This result underscores the key role of lyso-
somal-membrane permeabilization in physi-
ological and developmental contexts, such as 
during cell division9 or in the shrinkage of the 
mammary gland after lactation10. The authors 
further show that Hsf4-mediated permeabili-
zation of the mitochondrial membrane is also 
required for HRASLS translocation to mito-
chondria in zebrafish, and that mitochondrial 
degradation is suppressed in Hsf4-deficient 
zebrafish. 

Together, these observations suggest that 
the Hsf4-dependent partial permeabiliza-
tion of organelle membranes is the signal 
required to trigger HRASLS translocation to 
target organelles in the lens. However, the per-
meabilization process seems to be cell-type 
dependent, because overexpression of Hsf4 
and HRASLS3 in human HeLa cervical cancer 
cells does not induce HRASLS3 translocation 
to organelles (with the exception of organelles 
called peroxisomes) in those cells. There-
fore, the precise mechanism by which Hsf4 

specifically promotes the formation of pores 
in organelle membranes of lens cells remains 
to be determined. Hsf4 regulates lysosomal 
activity and lysosomal pH in lens cells11. It is 
therefore tempting to speculate that orga-
nelle degradation in the lens is mediated 
by an Hsf4-dependent connection between 
lyso somal pH and lysosomal pore formation, 
because pH alterations affect the membrane 
stability of lysosomes12. 

Further studies will be needed to explain 
the authors’ observation that overexpression 
of HRASLS3 in HeLa cells results in the degra-
dation of only one type of organelle — the per-
oxisome. Such selectivity might be mediated 
by protein–protein interactions, providing 
an extra control step, or perhaps it is due to 
differences between organelles, such as the 
composition or stability of their membranes. 
Yet another puzzle is why HRASLS proteins 
degrade the intracellular membranes of orga-
nelles in lens cells, but do not target the mem-
brane lipids of the cell’s outer boundary — the 
plasma membrane. 

Given the high levels of expression of 
HRASLS3 in adipose tissue (which aids fat 
storage)13, it will be interesting to learn 
whether HRASLS3 participates in organelle 
degradation during differentiation of the 
adipocyte cells in this tissue. Future studies 
could investigate whether these phospho-
lipases can be engineered to degrade other 
membrane-bound structures of interest, such 
as those of harmful intracellular bacteria. It will 
also be worth investigating whether related 
forms of HRASLS proteins, of which there are 

five in humans and three in mice, also partici-
pate in organelle dismantling. 

Morishita and colleagues’ findings provide 
a wonderful example of how developmental 
processes are harnessed to solve complex 
problems. In this case, cell transparency for 
vision arises as a result of regulated organelle 
removal. Whether this process is involved in 
other developmental events, and whether 
abnormalities in it contribute to disease, 
remains to be determined. 
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It might seem surprising that origami, the 
ancient Japanese art of paper folding, is an 
integral part of engineering. However, ori-
gami structures can be folded up compactly 
and deployed at the nano- and macroscales 
seemingly without effort. They are therefore 
well suited for a wide range of applications, 
including robotics1, arrays of solar panels2 
and engineered structures known as meta-
materials3. On page 545 Melancon et al.4 report 
triangular origami facets that snap into 3D 

shapes when filled with a pressurized fluid. 
The authors’ work provides a new method for 
designing large origami enclosures that can 
be deployed and locked into shape through 
inflation. 

In engineering, a deployable structure is 
one that can change shape in a way that greatly 
alters its size — large-scale examples include 
scissor lifts and bouncy castles. Conventional 
deployable structures are transformed into a 
larger shape through the extension of linkages 
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Large-scale origami locks 
into place under pressure 
Sigrid Adriaenssens

Inflatable, metre-scale origami structures have been designed to 
transform from flat structures into expanded forms and then to 
lock into their new shape. This technology opens the way to the 
use of large origami structures for engineering. See p.545 
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Figure 1 | An inflatable origami archway. Melancon et al.4 report the design of inflatable, metre-scale origami structures, such as this archway, that transform from 
a compact shape into an expanded one when inflated. Moreover, the structure retains its expanded shape without the need for constant air pressurization.

(as in scissor lifts) or by inflation (bouncy 
castles). Both types of structure are then 
secured into their new shape by an external 
agent: a lock and the sustained application of 
air pressure, respectively. However, neither 
can secure themselves. 

To address this problem, Melancon et al. 
draw inspiration from origami. The authors 
first define geometric parameters enabling the 
deployment of origami structures that enclose 
a space using fluidic pressure. Their innovative 
approach is then to design enclosed origami 
shapes that have two or more stable equi-
librium states (conformations in which the 
energy of the system is minimized). Because 
they are at equilibrium, these states stay in 
place without the use of an external agent — 
in the same way that a ball comes to rest when 
it rolls to the bottom of a valley. 

However, to switch between the stable 
states as they are inflated, the authors’ ori-
gami shapes must overcome an energy barrier. 
This is because the facets that make up the ori-
gami shape cannot bend or stretch, and so are 
geometrically incompatible with each other 
during the deployment process. To overcome 
this problem, Melancon et al. connect the rigid 
facets with stretchable hinges. These hinges 
deform to resolve the geometric incompati-
bility, and thus allow the system to shift from 
one local minimum-energy state to another.

Melancon and colleagues demonstrate 
that their approach can be used to deploy and 
lock into place an inflatable archway 60 centi-
metres tall and 150 cm wide (Fig. 1), and a 
prototype for a tent-like shelter that has an 
expanded shape 2.5 × 2.6 × 2.6 m in size. These 
are remarkable achievements, because the 
deployment and locking of origami structures 
at such large scales is challenging. The authors 
show that the secret to success is to integrate 
multistability with inflation and the use of 
flexible hinges to resolve geometric incom-
patibility of the facets. The findings therefore 
pave the way to an unexplored realm of deploy-
able, stable origami structures at large scales. 

Moreover, because these origami structures 
can embody two or more mutually exclusive 
stable states, it should be possible to design 
structures that can be switched between a vari-
ety of shapes — a desirable property for one-
shape-fits-all emergency shelters, especially 
in situations in which the enclosures are to be 
deployed in an unknown context.

However, scaling issues might limit the 
potential of these origami systems for engi-
neering applications at very large scales 
(10–100 m). The authors’ understanding of the 
processes needed to fold flat sheets of mater-
ials to produce self-locking, inflatable struc-
tures derives from numerical simulations and 
physical prototypes constructed at the metre 
scale, deployed in the controlled environment 
of a laboratory. The material is assumed to be 
(practically) massless — and thus lacking inter-
nal stresses — and infinitely rigid. But these 
assumptions do not hold for very large objects. 
For example, a previously reported numerical 
analysis of an origami footbridge5 that spans 
56 m reveals that its substantial self-weight 
produces both compressive and tensile stress 
variations and deformations across its hinges 
and facets. 

Large-span structures also need to be strong 
and stiff at all phases of deployment to satisfy 
building regulations. This means that they 
must be able to resist extreme loading, such 
as asymmetrical wind suction and pressures 
produced by hurricanes. This is particularly 
true for emergency shelters in disaster areas. 
The effects of combinations of extreme load-
ing on the structural behaviour of Melancon 
and colleagues’ origami systems remain to be 
determined. 

Scaling issues can also arise because ori-
gami processes that work for sheets of paper, 
which have essentially zero thickness, might 
not work at larger scales for other, thicker 
materials. Materials used for architectural 
or structural applications not only need to 
be strong, but must also have a long lifespan 
and fulfil other functions, such as regulating 

heat transfer into an enclosure. The facets of 
such structures will therefore be much thicker 
than paper. This challenge could be addressed 
by using systems of facets that have variable 
thickness (variable within one facet, or hav-
ing different facets of variable thicknesses). 
Because hinges are often the most costly and 
weakest elements in any engineering design, 
minimizing the number of creases would help 
to lower manufacturing costs and strengthen 
the origami structure. 

The use of Melancon and co-workers’ ori-
gami structures in engineering could save 
on storage space, transportation costs and 
setting-up times, and the self-locking infla-
tion system would enable easy and robust 
deployment, a win–win situation for deploy-
able structures. As noted earlier, several issues 
will need to be addressed before the structures 
can be used at large scales on Earth. But having 
the ability to transport large objects in com-
pact forms is also highly desirable for space 
missions. Moreover, the reduction of gravi-
tational force — and the absence of building 
regulations — in space would also facilitate the 
use of the new origami technology.
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