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Supplementary Fig. 1. Intraction free energy between two DNA-GUVs as a function

of the membrane separation. Note the sharp minimum at h/L=1. The geometry of the GUVs

and DNA coverage are those of a typical experimental system: A = 700 µm2, Ap = 100 µm2,

N=180000, ∆H0 = −68.5 kcal mol−1, ∆S0 = −193.5 cal−1 mol−1 K−1, L = 14.5 nm. Points on

the horizontal axis are spaced by 0.1, the discontinuous derivative in the minimum is due to the

coarse-grained description of the rigid spacer.
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Supplementary Fig. 2. Effect of finite-size sticky ends. a A coarse grained model for free

tethers that accounts for the length of the sticky ends δ. b Hybridised constructs are modelled as

a three segment chains with the middle segment representing the dsDNA that is formed following

the hybridisation of the sticky ends (for simplicity the length of this segment is also taken equal to

δ). c End-to-end distribution function of the hybridised construct.
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Supplementary Fig. 4. Effect of increasing DNA concentration. Theoretical predictions

for a Contact angle θ, b patch area Ap, c bond distance D, and d fraction of hybridised stands

at increasing DNA concentrations: ρDNA = 5 × 102 µm−2 (black), 5 × 103 µm−2 (blue), 5 × 104

µm−2 (green). Red dashed lines in panels a and b indicate the zero stretching contact angle θ̃ and

adhesion patch area Ãp. Stronger adhesion, due to the higher DNA surface coverage ρDNA, causes

the equilibrium contact angle and adhesion patch area to deviate further from the zero-stretching

values. In panel d the solid lines indicate the fraction of bridges xb and the dashed lines the

fraction of loops xl. As expected the temperature of the melting transition increases with ρDNA.

Note that, consistently with the observations presented in the main text, larges changes in ρDNA

have little influence in xl and xb at low temperature. Note also that in experiments we are unable

to probe temperatures higher than 40◦C due to the possible destabilisation of the double stranded

DNA making up the inert spacers.

Model parameters: R0 = 7.35 µm, Ka = 0.24 N m−1, α = 1.3 × 10−3 K−1, ∆H0 = −68.5

kcal mol−1, ∆S0 = −193.5 cal mol−1 K−1, L = 14.5 nm, T0 = −2 ◦C.
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Supplementary Fig. 5. Temperature effect on the DNA-mediated adhesion between

oil droplets. Theoretical prediction for the temperature-dependence of a the contact angle (θ),

b the adhesion patch area (Ap), and c the fraction of DNA-tethers involved in loops (blue) and

bridges (red). Model parameters: R0 = 5 µm, ∆H0 = −68.5 kcal mol−1, ∆S0 = −193.5 cal mol−1

K−1, L = 14.5 nm, γ0 = 12.5 mN m−1, ∂γT = −0.1 mN m−1 K−1, ρDNA = 500 µm−2.
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Supplementary Fig. 6. UV-absorbance spectroscopy on assembling DNA-constructs.

Temperature dependent absorbance of a solution containing equal amounts of strands i and ii

(overall 2.1 µM, see Methods section for the sequences) in TE buffer with 100 mM NaCl. Blue

and red symbols are measured on cooling (hybridisation) and heating (melting) respectively. Cool-

ing/heating rates are ±0.2◦C/min. Dashed lines are linear fits of the high-T (T > 80◦C) and the

low-T plateaus (T < 50◦C). Solid lines indicate the median of the two fits. Stars indicate the

melting temperatures calculates as the intersection between the absorbance curves and the solid

lines. A blank solution (TE + 100mM NaCl) is used as a reference. The samples are enclosed in

quartz cuvettes with 1 cm optical path (Hellma).
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Supplementary Fig. 7. Gel electrophoresis on assembled DNA linkers. In panel a we show

the fluorescence image of a gel in which lanes A and B are loaded with hyrdophobically-modified

a and a′ assembled constructs. Lane C contains a DNA ladder. Each lane is loaded with 20 µl of

DNA solution with an overall concentration of ≈ 15 ng µl−1. In panel b we show the fluorescence

intensity of lanes A-C of panel a, calculated by integrating the image within the regions delimited

by dashed lines (along the direction normal to the applied field). In panel c we show data for

hyrdophobically-modified DNA at decreasing concentration (lanes A, C, and D). Lane B contains

a DNA ladder. In panel d we show a gel in which lanes A and B are loaded with cholesterol-free

a and a′ assembled constructs, lane C with the ladder, and lanes D and E with ssDNA i and

(cholesterol-free) ii. Each lane is loaded with 20 µl of DNA solution with an overall concentration

of ≈ 80 ng µl−1. e Intensity profiles of the 5 lanes in panel d.
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Supplementary Fig. 8. Relaxation of the excess area. a Temperature dependence of the

contact angle of a GUVs in a pair undergoing a cooling/heating cycle for the first time. b Volume

of the same liposome. Blue symbols refer to the cooling ramp, red symbols to the heating ramp.

Light blue regions highlight the correspondence between sudden increases in θ and sudden drops

in V .
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Supplementary Fig. 9. Checking for the specificity of the binding. Snapshot of a sample

with vesicles coated with a′ DNA tethers only (a) , and both a and a′ tethers (b). Both images

are taken at room temperature.
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Supplementary Fig. 10. Quantifying the coating density. a Confocal image of a single GUV

used for estimating the DNA coverage density. The green shaded area highlights the region used to

evaluate the average fluorescent intensity. b Fluorescent intensity of the reference DNA samples,

diminished by the dark intensity and normalised by the pixel area, as a function of the bulk DNA

concentration (symbols). The solid line is a linear fit used to extract C.
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Supplementary Fig. 11. Constant volume and osmotically equilibrated vesicles. a Equi-

librium contact angle θ, b adhesion patch area Ap, c bond distance D, d vesicle radius R, e vesicle

total area A, and f vesicle volume V . In panel g we show the theoretical calculation for the net

pressure across the membranes ∆P = P − Π, where P is the Laplace pressure defined in Supple-

mentary Equation 2 and Π is the osmotic pressure drop defined in Supplementary Equation 1. In

the inset we show the same graph in semi-log scale. In panels a-g, symbols indicate experimental

data, black solid lines indicate theoretical predictions calculated at constant volume, red dashed

lines indicate theoretical predictions calculated at zero pressure. In the insets of panels a-c, we

highlight the difference between the estimates computed with the assumptions of constant volume

(V ) and the osmotically equilibrated (Π) GUVs. h Theoretical prediction for the fraction of teth-

ers involved in bridges (xb, solid line) and loops (xl, dashed line). Symbols indicate experimental

estimates of xb. Model parameters: Ka = 0.24 N m−1, α = 1.3 × 10−3 K−1, ρDNA = 390 µm−1,

∆H0 = −68.5 kcal mol −1, ∆S0 = −193.5 cal mol−1 K−1, L = 14.5 nm, ρin = ρout = 300 mM.

Fitting parameter T0 = −3 ◦C.
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Supplementary Fig. 12. Osmotically-equilibrated vesicles at lower solute concentrations.

a Equilibrium contact angle θ, b adhesion patch area Ap, c centre-to-centre distance D. Black solid

lines indicate theoretical predictions calculated at constant volume, dashed lines indicate theoretical

predictions calculated at constant osmotic pressure and decreasing osmolarity ρin = ρout = 300

mM (red), 10 mM (blue) 1 mM (green). Model parameters: R0 = 7.35 µm, Ka = 0.24 N m−1,

α = 1.3× 10−3 K−1, ρDNA = 390 µm−2, ∆H0 = −68.5 kcal mol−1, ∆S0 = −193.5 cal mol−1 K−1,

L = 14.5 nm, T0 = −2 ◦C.



SUPPLEMENTARY METHODS

Electroformation

GUVs are prepared by electroformation [1, 2]. DOPC is purchased in chloroform (25
mg/ml) from Avanti Polar Lipids (Alabaster, AL) and stored at -20◦C. The stock lipid
solution is diluted to 3.57 mg/ml and a volume of 160 µl is spin-coated onto a Indium Tin
Oxide (ITO) coated microscope slide (Visiontek Systems Ltd.) at 600 rpm for 2 min [3].
The lipid-coated slide is then left to dry under vacuum for at least 1 hour. Together with a
second clean ITO slide, the lipid-coated slide is arranged to form a capacitor cell where the
two conductive surfaces are facing inwards, and are separated by a U-shaped silicone rubber
spacer (thickness 0.5 mm, Altec Products Limited). The chamber is filled with a degassed
and filtered (0.22 µm syringe filter) 300mM sucrose (Sigma Aldrich) solution in double-
distilled water (18.2 MΩcm resistance). The filled chamber is then sealed and connected to
a function generator. For the formation, a sinusoidal potential with 1 V amplitude (peak-
to-peak) is applied with a frequency of 10 Hz for 2 hours and of 2 Hz for 1 hour. Because
of the low melting temperature of DOPC (-17◦C) the process can be carried out at room
temperature. After formation the vesicles are collected from the chamber using a pipette,
stored in an Eppendorf tube at room temperature and used within 3-4 days.



UV absorbance spectroscopy

The hybridisation protocol used to assemble the DNA constructs from the two single-
stranded DNA sequences i and ii (see Methods section) is tested by monitoring absorbance
at 260 nm on a UV-visible absorbance spectrometer (Varian Cary 300 Bio). A sample is
hybridised (cooled down) and melted (heated up) again at the same rate used on the PCR
machine (±0.2◦C min−1). As shown in Supplementary Fig. 6 the hybridisation and melting
curves almost overlap, indicating an equilibrium self-assembly of the constructs. We fit the
high and low-temperature plateaus of the hybridisation/melting profiles with straight lines
(baselines), then measure the melting temperature of the constructs as the intersection be-
tween the median of the two baselines and the absorbance curve (linearly interpolated) [4].
The melting temperatures measured on cooling and heating are compatible within the ex-
perimental error [4].



Gel electrophoresis

The correct assembly of the constructs is further checked using gel electrophoresis. Briefly,
we prepare 100 ml of 3% agarose (Sigma Aldrich) gel in 1× TBE buffer (Tris-Borate-EDTA,
prepared from 10× concentrate solution, Sigma Aldrich) and 10 µl SYBR Safe DNA Gel
Stain (Life Technologies). The samples are loaded using blue loading buffer (Life Tech-
nologies). Electrophoresis is performed in a horizontal tray with 60V applied voltage for
160 minutes. As a reference, one of the lanes is loaded with a DNA ladder (Generuler 50-
1000 bp, Life Technologies). In Supplementary Fig. 7a we show a gel in which lanes A and
B contain assembled linkers carrying a and a′ sticky ends, lane C is loaded with the lad-
der. The quantitative analysis of the fluorescent intensity showed in panel Supplementary
Fig. 7b demonstrates that the assembled linkers tend to aggregate into superstructures with
high molecular weight, corresponding to 800-600 bp on the ladder. This is expected since
hydrophobically modified DNA can assemble into micelles and liposome-like structures [5].
In Supplementary Fig. 7c, we repeat the test at decreasing cholesterol-DNA concentration
in order to identify the critical micellar concentration (CMC) of the superstructures. When
decreasing the concentration at 12.5 ng µl−1 the relatively sharp band observed at higher
concentrations is replaced by a smeared track caused by the non-specific adhesion of the
amphiphiles on the gel, caused in turn by the presence of exposed cholesterols. From this we
can argue that the CMC is &12.5 ng µl−1. In our coating procedure we use an overall DNA
concentration of 0.16 ng µl−1, safely below this value. Therefore we expect the micelles not
to play a role in the coating procedure nor in the DNA-mediated interaction between the
GUVs.
To verify that the superstructures are indeed due to the hydrophobic modification, we re-
peat the electrophoresis with a and a′ linkers assembled from cholesterol-free ii strands (see
Methods). As demonstrated in Supplementary Fig. 7d-e, the cholesterol-free linkers line up
in correspondence of the 50 bp band of the ruler, indicating a correct assembly. The faint
secondary peak appears around 100 bp, indicating a weak non-specific pairing. Lanes D
and E are loaded with single-stranded i and (cholesterol-free) ii DNA. As expected, these
exhibit broad peaks in the low molecular weight (< 50) bp region of the gel.



Osmotically equilibrated vesicles

In this section we compute the relation between R and θ̂ ( analogue to Eq. 26, main text)
in the limit of water-permeable vesicles. This can be done by imposing a balance between
the osmotic pressure across the membrane and the Laplace pressure [6]. The former is given
by

Π = kBT

(
V0
V
ρin − ρout

)
, (1)

where ρin and ρout are the solute density respectively within and outside the GUVs.
The Laplace pressure can be expressed as

P =
2σ

R
, (2)

where the membrane tension σ is

σ = Ka
A− Ã
Ã

. (3)

By equating Supplementary Equations 1 and 2, and using Supplementary Equation 3, we
obtain

R

R0

(
V0ρin
V ρout

− 1

)
= ν

(
A

Ã
− 1

)
, (4)

where we define

ν =
2Ka

kBTρoutR0

. (5)

Finally, by substituting Eqs. 23, 24, and 25 of the main text into Supplementary Equation
4 we obtain

R

R0

 4ρin

ρout

(
1 + cos θ̂

)2 (
2− cos θ̂

) (R0

R

)3

− 1

 = ν


(

1 + cos θ̂
)(

3− cos θ̂
)

4 [1 + α (T − T0)]

(
R

R0

)2

− 1

 .
(6)

By numerically solving the fourth-order equation in Supplementary Equation 6 (using a

built in Matlabr function) we can extract R(θ̂).
In Supplementary Fig. 11 we compare experimental results with predictions calculated in
the constant-volume case (Eq. 26, main text) and in the osmotically-equilibrated case (Sup-
plementary Equation 6). No significant differences are noticed in any of the experimental
observables. The two assumptions give clear differences for ν � 1. This condition is verified
for very low osmotic pressure, as shown in Supplementary Fig. 12, with the osmotically
equilibrated GUVs showing significantly larger contact angles and adhesion patch areas. A
similar scenario would occur for smaller liposomes (R0 ≈ 1 µm).



Effect of varying inter-membrane distance

In the main body of the paper the hybridisation free energy Uhyb (Eq. 10 of the main
text) is derived under the assumption of fixed intermembrane distance h = L. Here we
derive Uhyb for arbitrary 0 ≤ h ≤ 2L and demonstrate that Uhyb(h) displays a very strong
minimum at h = L, which justifies the use of the simplified theory presented in the main
body. We follow the same conceptual steps explained in the main body for the constrained
theory. The only difference is that for h < L loops and unbound tethers have different
chemical potentials depending on their positions on the membrane: within or outside the
patch region. This effect is due to the excluded volume interactions between DNA tethers
and the two opposing flat membrane walls. Consequently, rather than only bridges and
loops, here we have to consider more kinds of possible states, namely: bridges (b), loops
compressed within the patch region, (l,c), loops outside patch region (l,nc), free tethers
compressed within the patch region (f,c), and free tethers outside the patch region (f,nc).

First we generalise the hybridisation free energies. As in Eq. 6 of the main text, we
define ∆GX(h) = ∆G0− T∆Sconf

X (h) (with X=b, X=l,nc, or X=l,c). Since no hybridisation
takes place, the free energy for compressed tethers contains only the entropic term ∆Gf,c =
−T∆Sconf

f,c . For a fixed geometry, the confinement entropy for the specie X is obtained as
(cnf. Eq. 28 of the main text after the introduction of the translational entropy term)

exp[∆Scnf
X /kB] =

ÂX

A2

∫
dt≤2L

fcut(X; dt, h)

ρ0L2

y · dy
dt

, (7)

where Âb = Âl,c = Ap and Al,nc = A − Ap. As in the Methods section, fcut is the planar
angle available to an hybridised constructs divided 2π. For the case of bridges we obtain
(see also Eqs. A1-A3 of [7])

fcut(b; dt, h) = (8)

=

 1− 2
π

arccos
(

tan−1
(
arccos dt

2L

)
tan−1

(
arccos h

dt

))
if arccos

(
h
dt

)
> π

2
− arccos

(
dt
2L

)
1 if arccos

(
h
dt

)
≤ π

2
− arccos

(
dt
2L

)
,

while for loops within the patch region we have

(fcut(l, c; dt, h) =


1
2

if h ≥
√
L2 − d2t

4

1
2
− 1

π
arccos

(
h√

L2−d2t /4

)
if h <

√
L2 − d2t

4
.

(9)

For loops outside the patch region we simply have fcut = 1/2.
Using the expressions for fcut we can integrate Supplementary Equation 7 and derive explicit
expression for the configurational entropy terms

exp[∆Sconf
b (h)/kB] =

Ap

A2

1

ρ0L
·
{
h if h < L
2− h if L < h < 2L

(10)

exp[∆Sconf
l,nc /kB] =

(A− Ap)

A2

1

ρ0L
·
{
h if h < L
1 if L < h < 2L

(11)

exp[∆Sconf
l,c /kB] =

Ap

A2

1

ρ0L
. (12)



For free tethers we obtain

exp[∆Sconf
f,c /kB] =

Ap

A2
·
{

h
L

if h < L
1 if L < h < 2L

exp[∆Sconf
f,nc /kB] =

(A− Ap)

A2
. (13)

Using Supplementary Equations 12 and 13 we can calculate ∆GX, and derive an expres-
sion for Uhyb following the same procedure outlined in the Methods section of the constrained
theory. First we write the partition function of a system featuring N l,c compressed loops,
N l,nc non compressed loops, Nb bridges, and N f,c compressed free strands. This is done
by generalising Eqs. 29 and 30 of the main text but, for practical reasons, assuming equal
number bridges and loops on the two GUVs. This is by no means a limitation in view of
the fact that the solution of the self-consistent equations (Eqs. 35 and 36 of the main text)
is symmetric under permutation of the two GUVs. The partition function then becomes

exp[−βUhyb] =
∑

Ω(N l,c, N l,nc, Nb, N f,c) exp[−2Nbβ∆Gb − 2N l,cβ∆Gl,c − 2N l,ncβ∆Gl,nc

+4∆Sconf
f,c N f,c/kB + 4∆Sconf

f,nc N
f,nc/kB] (14)

Ω(N l,c, N l,nc, Nb, N f,c) =

(
N

N f,c

)4(
N −N f,c

N l,nc

)4

(N l,nc)!2
(
N −N f,c −N l,nc

N l,c

)4

(N l,c)!2(
N −N f,c −N l,nc −N l,c

Nb

)4

(Nb)!2

Note that N f,nc is not a free variable, since N f,nc = N −Nb−N l,nc−N l,c−N f,c. We define
fractions of DNA assemblies and unbound tethers as

xb =
Nb

N
xl,c =

N l,c

N
xl,nc =

N l,nc

N
xf,c =

N f,c

N
(15)

and include the non-extensive combinatorial term into the hybridisation free energy

∆G∗X = ∆GX − kBT logN . (16)

Following the same procedure that led to Eqs. 35 36 and 10 of the main text we find the
following self consistent (SC) equations for the stationary solution

x̄b = (1− x̄b − x̄l,nc − x̄l,c − x̄f,c)2 exp[−β∆G∗b(h)−∆Sconf
f,nc /kB]

x̄l,nc = (1− x̄b − x̄l,nc − x̄l,c − x̄f,c)2 exp[−β∆G∗l,nc(h)−∆Sconf
f,nc /kB]

x̄l,c = (1− x̄b − x̄l,nc − x̄l,c − x̄f,c)2 exp[−β∆G∗l,c(h)−∆Sconf
f,nc /kB]

x̄f,c = (1− x̄b − x̄l,nc − x̄l,c − x̄f,c) exp[∆Sconf
f,c (h)/kB −∆Sconf

f,nc /kB] (17)

It is easy to see that for h = L the solution of Supplementary Equation 17 are equivalent
to the solutions of Eqs. 35 and 36 of the main text. For instance if h = L we have
exp[∆Sconf

f,c (h)/kB−∆Scnf
f,nc/kB] = Ap/(A−Ap) and the last of Supplementary Equations 17

predicts that free tethers in the patch region and outside the patch region are distributed,
as expected, according to x̄f,c/x̄f,nc = Ap/(A− Ap). Similar considerations apply for loops.



We can now calculate Uhyb by substituting the the saddle point solutions (Supplementary
Equations 17) into the free energy Supplementary Equation 14 (expanded as done in Eq.
32 of the main text). We obtain the final expression

Uhyb = kBTN [4 log(1− x̄b − x̄l,nc − x̄l,c − x̄f,c) + 2x̄b + 2x̄l,nc + 2x̄l,c] (18)

In Supplementary Fig. 1 we plot Uhyb at different temperatures for a typical experimental
system. In particular we prove that the minimum of the interaction is reached at h =
1, therefore we can safely use the constrained version of the theory for comparison with
experimental data.
This guarantees a uniform distribution of loops and untethered DNA within and outside the
patch area.



Point-like reactive spot approximation

To derive the configurational entropy term in Eq. 7 of the main text we neglect the
physical size of the sticky ends and map them into point particles. Under this assumption
unbound tethers are modelled as rigid rods of length L, equal to the length of the double
stranded spacers (whose persistence length is ≈ 3L) whereas bound constructs are modelled
as two segments of the same length with a fully flexible connection (see Fig. 3a of the main
text). In this section we quantify systematic errors following from this assumption by con-
sidering an improved model in which free constructs are made of two fully flexible segments
of length L and δ = 9L/43 [Supplementary Fig. 2a], and in which hybridised constructs are
made of two segments of length L chained by a segment of length δ [Supplementary Fig.
2b], where δ accounts for the length of the sticky end (9 bases compared with the 43 bases
of the ds spacer).

The configurational entropy can be evaluated from the partition functions (including both
rotational and translational degrees of freedom) of the free (Zfree) and hybridised (Zl/b,hyb)
constructs and is given by

exp[∆Sconf
l/b /kB] =

4πδ2

ρ0

Zl/b,hyb
Zfree

. (19)

In Supplementary Equation 19 a pre-factor equal to 4πδ2 has been introduced to avoid
double counting the loss in rotational degrees of freedom of the sticky-ends segments that is
already accounted by ∆G0 in the hybridisation free energy of the free segments in solution.
Notice that, as in the main text, we have ∆Gl/b = ∆G0 − T∆Sconf

l/b .
The partition function of the free tethers is given by

Zfree = (4π2LδA)2
[
2Lδ − δ2

2

]2
. (20)

In Supplementary Equation 20 and in what follows, we neglect steric interactions between
DNA tethers and the opposite membranes within the patch area. This is the case if h =
L+ δ ≈ L. The partition function of the hybridised constructs is given by

Zl/b,hyb = f cut
l/b Âl/b(4πL2)2(4πδ2)

∫
|y|<dt

dyPee(dt) , (21)

where, as defined in the main text, dt is the distance between the two tethering points, y
is their lateral displacement (see Fig. 3a of the main text), and f cut

l = 1/2 f cut
b = 1. Pee is

the end-to-end distribution function of a chain made of three segments, two of length L and
one of length δ, which is given by [Supplementary Fig. 2c]

Pee(r) =
1

16πδL2


2 if r < δ
2 δ
r

if δ < r < 2L− δ
δ+2L−r

r
if 2L− δ < r < 2L+ δ

(22)

Using Supplementary Equations 20 and 22 in Supplementary Equation 19 we obtain

∆Gconf
l/b = −kBT log

[ 1

ρ0L

Âl/b

A2

]
+ kBTχl/b (23)



The term χ quantifies the deviation between the current generalised model and the one used
in the main body ( Eq. 7), and is given by

χb = − log
[
4L

∫
dyPee(

√
h2 + y2)(1− σ

4L
)−2
]

(24)

χl = − log
[
2L

∫
dyPee(y)(1− σ

4L
)−2
]

(25)

When h = L we find χb = 0.11 kBT and χl = 0.055 kBT meaning that the influence of the
length of the sticky end is negligible when compared, for instance, with inert tails corrections
[8].



Energy of the reference state

Here we estimate the reference energy U0 in Eq. 5 of the main text, encoding for the
energy of a pair of isolated vesicles

U0 = U stretching
0 + UDNA

0 . (26)

The stretching contribution is only present for pre-stretched vesicles, i.e. if the reduced
volume is v > 1 (i.e. T < T0) [6]

U stretching
0 =

{
0 if T ≥ T0

Ka
(A0−Ã)

2

A0
if T < T0.

(27)

The term UDNA
0 can be calculated as the free energy of the 2N DNA linkers on two isolated

vesicles of total area equal to the unstretched area Ã, which therefore can form only loops.
The hybridisation free energy for the formation of a single loops is:

∆Gi
l = ∆G0 − kBT log

[
1

ρ0LÃ

]
. (28)

The fraction of tethers involved in loops is:

x̄il =
1 + 2qil −

√
1 + 4qil

2qil
, (29)

with
qil = exp

(
−β∆G∗il

)
, (30)

and
∆G∗il = ∆Gi

l − kBT logN (31)

The overall reference free-energy is therefore

UDNA
0 = 2NkBT [log (1− x̄l) + x̄l] . (32)

Note that U0 does not depend on the contact angle θ̂.



DNA-mediated adhesion in emulsion droplets

In this section we extend our theory to the case of DNA-functionalised emulsion droplets.
We demonstrate that the re-entrant shrinking of the adhesion patch is negligible if compared
with the case of GUVs. The calculation of the free energy for the case of droplets can be
done using the same equations developed for vesicles at fixed volume. In particular we
can use Eqs. 23-25 (main text) to compute the radius, the area of the patch, and the

total area of the droplet as a function of the contact angle θ̂ and the total volume as
specified by R0 (V = 4πR3

0/3). Moreover Eq. 13 (main text) provides the DNA mediated
interactions between the patches UDNA with the fraction of bridges and loops (xb and xl)

that can be computed using Eqs. 10-12(main text), paying attention to the dependence in θ̂
of the configurational hybridisation free energy. The key difference is that, for droplets, the
stretching term given by Eq. 5 (main text) is replaced by the surface tension contribution
resulting in the following free energy

U(θ̂) = UDNA(θ̂)− U0
DNA + γ

[
A(θ̂)− A0

]
(33)

where A0 = 4πR2
0 and U0

DNA is given by Supplementary Equation 32. The temperature
dependence of the interfacial tension γ can be parametrised as γ = γ0 + ∂γT (T − 273.15K),
with ∂γT < 0 [9]. For the typical case of silicone oil droplets in water we have γ0 ≈ 12.5
mN m−1 [10]. The parameter ∂γT is in the range of -0.1 mN m−1 K−1 for the most of the
commonly used oils [9]. In Supplementary Fig. 5a-b we report the temperature-dependence
of the contact angle and the patch size obtained by minimising Supplementary Equation
33. Notice that differently from vesicles, the theory for droplets predicts a shrinking of the
adhesion area upon heating above the melting temperature of the DNA-strands. This effect
is absent in vesicles due to the zero-stretching deformation that at high temperatures enables
adhesion with no energy cost. The slight decrease in θ and Ap observed in droplets upon

cooling is partially due to the temperature dependence of γ and partially to the θ̂-dependence
of the configurational contribution to the hybridisation free energies. In the temperature
interval 40 − 0◦C this re-entrance leads to a 20% reduction in θ, as compared with the
80% reduction observed in GUVs. In Supplementary Fig. 5c we show the temperature
dependence of the fraction of tethers involved in loops and bridges. The rigidity of the
droplets allows only the formation of small adhesion patches, leading to a strong entropic
penalty for bridges formation. Consequently x̄l � x̄b.
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