
Supplementary Online Movie Captions
Supplementary Movie 1: Chiral control of edge tension induces a disk to ribbon transition.
A colloidal membrane is prepared in the high temperature achiral phase. Rapidly quenching
the temperature from 60 ◦C to 10 ◦C increases the amplitude of fluctuations of the membrane’s
edge. Eventually the entire edge becomes unstable and transforms into a starfish membrane
composed of 1D twisted ribbons which constitute the equilibrium phase at low temperatures. In
a second step, upon increasing the temperature to 60 ◦C, the chiral twisted ribbons revert back
to a 2D membrane indicating that the disk-to-ribbon transition is reversible. The movie is taken
over 11.9 minutes, and the width of the image is 31.8 µm.

Supplementary Movie 2: Composite phase contrast/fluorescence video of a twisted ribbon
reveals microscopic dynamics of constituent rods. Approximately 1 out of 30 000 virus parti-
cles are fluorescently labeled. DIC and florescence images are acquired simultaneously using a
DualView attachment and are subsequently overlaid with subpixel precision. The fluorescence
images illustrate how the constituent viruses rotate along the axial length of the twisted ribbons.
The length of the ribbon shown is 15 µm and the movie is in real time.

Supplementary Movie 3: Applying external mechanical force induces a disk to ribbon transi-
tion. Using a dual-trap laser tweezers setup, an isolated membrane is trapped at antipode edges
and stretched. As it is being stretched, the membrane first elongates and subsequently twists
into a 1D ribbon. Upon switching off the optical traps, the ribbon relaxes back to a 2D mem-
brane. The width of the image is 40.0 µm.

Supplementary Movie 4: The sample is prepared in the regime where twisted ribbons are the
equilibrium structure. Increasing the temperature of the sample reduces chirality of the con-
stituent viruses and leads to a transition from chiral twisted ribbons to 2D membranes. The
width of the image is 70.0 µm.

Supplementary Movie 5: As in movie 1, rapidly quenching the temperature introduces chi-
rality which lowers interfacial tension and induces the transition of a 2D disk into a starfish
membrane. Upon increasing the temperature the structure reverts back into a 2D disk, except
for two twisted ribbons which coalesce together to form a closed ring like structure. Topolog-
ical constraints suppress melting of this closed ring into a 2D disk. The entire movie is taken
over 14.4 minutes. The width of the image is 34.8 µm.
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Supplementary Figure 1: Temperature dependence of the fd wt cholesteric pitch. (a) Po-
larization micrograph of a cholesteric fd wt sample exhibits a typical fingerprint texture. The
periodicity of the striped pattern is directly related to the cholesteric twist vector. The virus con-
centration is 100 mg/mL and the temperature is 30 ◦C. The scale bar is 30 µm. (b) Image of the
cholesteric phase taken at 55 ◦C. Difference in the fingerprint texture periodicity indicates that
the microscopic chirality is strongly temperature dependent. (c) Temperature dependence of
the microscopic chirality as characterized by the twist wave vector, q0 = 2π/P , where P is the
cholesteric pitch. The samples exhibits classic power law behavior with a critical temperature
for the nematic to cholesteric phase transition located at approximately 60 ◦C.
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Supplementary Figure 2: 2D-LC-PolScope determines the dependence of the twist penetra-
tion length on depletant concentration and sample temperature (a) 2D-LC-Polscope image of a
colloidal membrane. The intensity of each pixel can be quantitatively translated into the local
2D projection of the membrane birefringence. Subsequently, this birefringence can be con-
verted into a quantitative map of the rod orientation as described in a previous publication19.
Scale bar is 2 µm. (b) The retardance profile along the red arrow in (a) is plotted as function of
distance from the edge of a membrane. The twist penetration length is a lengthscale associated
with the decay of the retardance profile. (c) The twist penetration length as measured with 2D-
LC-PolScope does not significantly depend on the sample temperature (molecular chirality) or
osmotic pressure (Dextran concentration).



Supplementary Figure 3: Transmission electron microscopy of membranes illustrates struc-
ture of the edge. (a-c) Electron micrograph showing a transverse section of the membrane edge
in overview (a) and two higher magnification zoom-in images from the regions highlighted by
red (b) and blue (c) boxes in (a); close to the curved edge ((b), red box) the virus rods appear
in cross-sections (dark dots), while in the bulk of the membrane the viruses align longitudinally
((c), blue box), so that the height of the membrane (here along the y-axis) is one virus length.
(d-f) Another example of a membrane edge shown in overview (d) by a 2D projection image
of a tomographic tilt series at zero degree tilt, and as zoom-in tomographic slices (e, f) from
regions of the 3D reconstruction calculated from the tilt series shown in (d) that correspond
to the regions highlighted by a red (e) and blue (f) box in (d). In the tomographic slices the
virus rods are even better visible in cross-sectional (e) and longitudinal (f) views than in the 2D
projection images. Note that the two and seven intensely dark spots in (a) and (b), respectively,
are colloidal gold markers used for tomographic tilt series alignment. Scale bars: (a, d) 200nm,
(b-c, and e-f) 100 nm.
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Supplementary Figure 4: 3D-LC-PolScope determines the handedness of virus twist at the
membrane’s edge. (a) Schematic of the 3D-LC-PolScope setup. (b) 3D-LC-PolScope image of
a membrane composed of an achiral mixture of fd wt and fd-Y21M. The green and red arrows
indicates that the viruses twist respectively to the right and to the left at the membranes edges.
Scale bar, 5 µm. (c,d) Zoomed in images of the regions delimited by the dotted boxes. The
anisotropy in the signal of each conoscopic image determines the local tilting direction. (e) The
retardance obtained from the radial average of intensity of 3D-LC-PolScope conoscopic images
taken in the membrane bulk yield the concentration of virus. (f) The concentration of viruses in
the membrane bulk shows no significant variation with dextran concentration.



b

c

a

Supplementary Figure 5: Computer simulations of an achiral hard rod/polymer mixture in-
dicate that the membranes edge adopts a curved profile. (a,b) The membranes edge adopts a
curved profile to minimize surface tension, forcing rods to locally twist. (c) Cross-sectional
view of a twisted edge.
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Supplementary Figure 6: Experiments on fd Y21M viruses confirm chiral control of line
tension. (a) Temperature dependence of fd wt and fd Y21M chirality and line tension for mem-
brane. In contrast to fd wt, the cholesteric pitch of fd Y21M is temperature independent. The
samples were prepared at c=60 mg/mL. (b) The line tension of the fd Y21M membranes is
independent of temperature, in contrast to fd wt membranes, where γeff is highly temperature
dependent. These measurements confirm that changes in the line tensions of fd wt are due to
changing chirality of constituent rods and not to other factors. fd wt membranes and fd-Y21M
membranes are assembled at cdextran=45mg/mL and 35mg/mL, respectively.
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Supplementary Figure 7: Images illustrating large scale assemblages of 1D twisted ribbons
with various architectures. (a) DIC image of a sample prepared in the region of the phase dia-
gram where twisted ribbons are the equilibrium phase (T=22 ◦C, cdextran=36mg/mL). Branch-
ing points are frequently observed. (b) Twisted ribbons with ring topologies are infrequently
observed in native samples. However, they can easily be artificially engineered using laser
tweezers as illustrated in Fig. 4d in the main text. (c) At high enough density and after sufficient
equilibration time, twisted ribbons spontaneously assemble into arrays of parallel filaments. (d)
Time sequence illustrating the formation of a toroid-like structure. Scale bar, 5 µm.
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Supplementary Figure 8: Optical microscopy images illustrating multiple architectures of
doubly twisted structures. (a) Twisted ribbons frequently twist around each other to form dou-
bly twisted structures. (b, c and d) Z-stack sequences of 3 different doubly twsited ribbons
with varying phase difference between the two constituent ribbons. The red and green sinu-
soids follow the outer edges of each of the two ribbons comprising the double twisted ribbon,
respectively. The two twisted ribbons can vary from being out of phase (b) to being in phase
(d). (e) Doubly twisted ribbon with a varying phase shift between the two strands. Scale bars,
2 µm.
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Supplementary Figure 9: Gel electrophoresis shows the polydispersity of fd virus suspensions.
(a) Ethidium Bromide stained gel viewed under UV illumination. The bottom bright band
consists of 880 nm long fd wt monomers, while the middle and top bands contain fd dimers and
trimers, respectively. (b) Virus polydispersity is quantified by plotting the normalized intensity
profile of the gel.


