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Supplementary Figures
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Supplementary Fig. 1 Gel-fluid transition and the viscoelasticity of amyloid nanofibril
networks. (a) The fibril suspension (2 wt%) forms a gel after incubation for 1-2 hours. (b) Shaking
the gel yields a liquid suspension. (c) A plot of the dynamic viscosity of the viscoelastic fibril
network suspension at different fibril concentrations as a function of shear rate. The shear rate is
lowered stepwise from 1000 s™! to a near-zero shear rate in intervals of 5 minutes. Error bars
represent standard deviation; each measurement was taken with 3 replicates. (d) When a 2 wt%
fibrils suspension is slowly injected into a 10% dextran solution, the fibril network remains a solid
gel; on the other side, when the 2 wt% fibril suspension is slowly injected into a 8% PEG solution,

a suspension of dispersed fibrils is obtained. Fibrils are stained by Nile red.



Supplementary Fig. 2 Formation of amyloid fibril network in the dextran-rich droplet phase.

(a) Fluorescence microscope images showing the formation of fibril meshes. The fibril mesh is
composed of fibril bundles. Scale bar is 100 pm. (b)-(d) As the fibril concentration increases, the
mesh size of the fibril network decreases. The fibril concentrations are (b) 0.5 wt%, (c) 1.2 wt%
and (d) 2.0 wt%, respectively. Scale bars are 50 pm. The average width of the fibril bundles, is 1-
2 um, and does not vary significantly with the concentration of fibrils preloaded in the mother

droplet.
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Supplementary Fig.3 Interfacial tensions driven dewetting of fibril networks from droplets.
(a) A schematic diagram showing the dewetting of the dextran-rich droplet from the fibril
networks. (b, ¢) Measurement on interfacial tensions between immiscible aqueous phases using a
tensiometer. (b) The inner phase contains 2% fibrils and the outer phase is 15% dextran solution
with 10mM HCI. The measured interfacial tension between the dextran-rich phase and the fibril
network phase is 19 uN m!. (c) The inner phase contains 8% PEG and the outer phase is 15%
dextran solution with 10mM HCI. The measured interfacial tension between the dextran-rich and

the PEG-rich phase is 33 uN m™..
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Supplementary Fig. 4 Lysozyme fibrils have a higher partitioning affinity to the PEG-rich
phase than to the dextran-rich phase. Fibrils are stained with Nile red. Because of their
density difference, the PEG-rich phase floats on the top of the dextran-rich phase. The higher
affinity of fibrils to the PEG-rich phase enables selective stabilization of dextran-in-PEG

emulsion (see Supplementary Reference 1).
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Supplementary Fig. 5 Presence of Osmotic pressure is required to induce the protrusion of
the buds. (a) Droplet buds can grow when an osmotic pressure (40mOsm Kg™!) exists between the
dextran and PEG phases. The concentration of fibrils in the droplet phase is 2%. (b) When no
osmotic pressure is applied, no buds protrude from the surface of the mother droplet. Instead, only

some flat patches are observed on the surface of the mother droplet under the optical microscope.

Scale bars are 100 um.
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Supplementary Fig. 6 A simplified scheme
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Supplementary Fig. 7 Effect of interfacial tension on the budding-like division of w/w
droplets. The diameter of dividing droplets increases with increasing w/w interfacial tension of
the water-in-water emulsion. The applied osmotic pressure is 25 mOsm kg™!. The w/w interfacial

tensions yww are: (a) 4 uN m''; (b) 20 uN m!; and (c) 60 uN m!. The initial concentration of

fibrils in the droplet is 1%. Scale bar is 200 pm.




Supplementary Fig. 8 The final diameter of the stabilized buds is independent of the
volume of the mother droplet. Optical microscope image of dividing mother droplets with
different initial diameters. The boundary lines enclose daughter droplets originating from the
same mother droplet, whose relative size is indicated by a number running from 1 to 5. A larger
number represents a larger volume of the w/w droplet. The concentration of fibrils is 1.5 wt%.
This figure illustrates that the diameter of the stabilized daughter droplets in independent of the

volume of the original mother droplet. Scale bar is 100 pm.
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Supplementary Fig. 9 Size distribution of daughter droplets as a function of initial fibril
concentration in the droplets. The concentration of dextran in the droplet phase was
maintained at 4% and the PEG concentration in the continuous phase is 8%. For each
concentration, 200 daughter droplets were measured. Dayg. represents the average diameter of

these daughter droplets, Dyuds represent the diameter of each daughter droplet.
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Supplementary Fig. 10 Size distribution of daughter droplets as a function of dextran
concentration in the droplets. The initial fibril concentration in the droplet phase was
maintained at 1.5 wt% and the PEG concentration in the continuous phase was 8%. For each
concentration, 200 daughter droplets were measured. Dayg. represents the average diameter of

these daughter buds, Dpuds represent the diameter of each bud.
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Supplementary Fig. 11 Change in the osmotic pressure induced by the condensation of the
dextran-rich phase. When the initial concentration of dextran T500 in the droplet phase increases
from 4 wt% to 13 wt%, the osmotic pressure between the droplet and continuous phase decreases.

The concentration of PEG (Mw=20,000) in the continuous phase is maintained at 8 wt%.
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Supplementary Tables

Supplementary Table 1. A list of experimental parameters for generating w/w emulsion with

different interfacial tension under the same osmotic pressure (induced by dextran). The interfacial

tension between the emulsion and continuous phases are measured using a spinning drop

tensiometer. As the presence of fibrils does not significantly change the phase diagram of dextran-

PEG-H;O0, the osmotic pressure induced by dextran is calculated by measuring the change in the

osmolarity of dextran solution before and after budding without adding fibrils.

Group Concentration of Concentration  of Concentration Interfacial Osmotic
PEG 20,000 in Dextran T500 in of Dextran tension pressure
continuous phase Phase Equilibrium before budding (uN m™) (mOsm kg™

A 6.7 wt% 10.9 wt% 4 wt% 4 25

B 7.6 wt% 13.6 wt% 8.4 wt% 20 25

C 10.4 wt% 16.5 wt% 11.5 wt% 60 25
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Supplementary Notes

Supplementary Note 1-- Dewetting of fibril networks from the droplet phase

To enable the dewetting of the dextran-rich subdroplets (in red color) from the surface of the
fibril networks (in green color), the various interfacial tensions (line tensions) in the system must

meet the following condition.

Gw/w cos 0 + O-dex/net > UPEG/net (1)

Where the interfacial tension o, and o, can be measured using a tensiometer, as shown in SI

Fig.3b. Since the fibrils do not phase separate in the PEG-rich phase, s0 Opgqpe =0 UN/m.

The wetting angle, 6, (Supplementary Fig. 3) increases from 0° to 180° during the dewetting

process.

Since Oy prg > Oyenne » 10 the force equilibrium state, we obtain a wetting angle of
19 0 0
0= acrcos(-g) =125 >90 (2)

which is in agreement with the observed wetting angle in Fig. 2f and Fig. 2g in the main text. The
calculated wetting angle is also close to the contact angle measured directly by sitting a dextran-

in-PEG droplet on a flat film of fibrils (142°), see supplementary reference 1.

When the fibril concentration is varied from 0.5 wt% to 2 wt%, the interfacial tension between

the dextran and the fibril network o, ... remainsunchanged. We found thatboth o ...« and
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O4.wrr Increase with the dextran concentration, and the o s 1s always higher than o, .o

for all experimental conditions tested (dextran=5 wt%, 7.5 wt%, 10 wt%, 12.5 wt%, 15 wt%).

Supplementary Note 2 -- Estimation of the osmotic pressure prevailed in the budding-like

division

In our experiment, water with 8% PEG and 10mM HCI is used as the continuous phase. The
droplet phase is water with 4%-13% dextran and 1% fibrils. After suspending the droplet phase
into a large volume of PEG-rich continuous phase, water is extracted from the droplet phase. Due
to the resultant dehydration, the concentration of dextran in the droplet phase increases to about
15 wt% (46 mOsm kg'), as can be determined from the equilibrium phase diagram of
dextran/PEG/H20 (see Supplementary Reference 2). By measuring the osmolarity of the initial
dextran-rich droplet phase, the change in the osmolarity in the droplet phase, induced by the

condensation of dextran-rich phase, can be calculated.

We emphasize here that the fibril network does not contribute to the osmolarity of the droplet
phase significantly, due to the limited number of fibrils relative to dextran molecules. Small
molecules also do not contribute to the osmotic pressure, because they can migrate across the w/w
interface. With these assumptions, the osmolarity induced by dextran in the droplet phase can be

evaluated.
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Supplementary Note 3 -- The size of stabilized daughter droplets is controlled by fibrils

concentration, shrinkage ratio and w/w interfacial tension.

In this section, we present a simple model for understanding the expected dependence of the
size of daughter droplets on the nanofibril concentration, as described in Equation (2) in the
main text. We consider a ‘mother’ w/w emulsion droplet of volume Viother (prior to dehydration)
initially containing a concentration of fibrils, Crbril (expressed in wt%). The volume of the
mother droplet Vmother 1s related to the total volume of the daughter droplets V after dehydration
through the shrinkage ratio 7 as:

V th
— mother 3
n=— (3)

As the dextran-rich phase is a bad solvent for fibrils, fibrils form bundles in the dextran-rich
phase. Assuming these fibril bundles have cylindrical shape with cross-sectional radius a and

length /, the volume of each fibril bundle is V. = zw’l ; hence, the total number of bundles in

ibrils

the w/w droplet, N, can be estimated as

N _ mﬁbrils _ mmother Cﬁbril _ ,0 mother Vmother Cﬁbril _ IO mothernVCﬁbril ( 4)
fibril - - -

Mote it Pibril Voundie Prioit T4 ’l Privi 774 ’l
where m_,.. & p..... are the mass and density of the mother droplet, respectively;
Cini & Pri are the initial concentration and density of fibrils in the mother droplet, respectively;

USiNg O, ~ Puoa =1.0 mg cm, we arrive at:

77VC1 ri
Nt = — (5)

wa’l
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We now consider the splitting of the w/w emulsion droplet (volume V" after dehydration)
into several daughter droplets with average radius R. The number of daughter droplets Nq that

result from this division is:

K124

N, =—— 6
T 4rR (6)
Hence, the surface area of the w/w interface after division is given by:
3V
Ad :47Z'R2Nd :? (7)

To stabilize the w/w interface, the fibril bundles dewet from the dextran-rich phase and
adsorb onto the w/w interface of daughter droplets. In this process, the adsorption energy per

fibril bundle is:

AG=0,, al[sin(n—0)+Ocos(n—0)] = o, malcosd (8)

(see Supplementary Reference 1, Supplementary Note 4 for the deduction of the above

adsorption energy).

Note that the approximation used in the last step is valid for large contact angles (here =142° ).
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sin(mw — 6) + 0 cos(w — )

weos(m — 6)

The contact angle @ is related to the surface tension o, of the w/w interface as well as the

W

surface tensions O, and Opyg, bEtween the fibrils and the two aqueous phases through the

Young-Dupré equation:

(2 — O
cos 0 — PEG/net dex/net (9)
O

w/wW

Assuming all fibril bundles migrate to the w/w interface and stabilize the daughter droplets,
(w/w surface tension) x (total surface area of stabilized w/w interface) = (total number of fibril

bundles) x (adsorption energy per fibril), combing Supplementary Equation (5), (7), (8) and (9),

we obtain
3V nVCyy VG
wW/W X—= n—fgbnl x O-W/w ”al |COS 0| = M (O-dex/net - O-PEG/net) (10)
R ma’l !

where we also assume the coverage ratio of fibril bundles at the w/w interface, ¢ : 1.

Solving this equation for the diameter of stabilized daughter droplets, we find

D=2R= 3a0 (11)
(O-dex/net ~ ObEGhet )77 Cﬁbril
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Note that, according to Supplementary Equation (11), the average diameter of daughter droplets
is independent of the volume of the mother droplet Vimother, in accordance with what is observed
in Supplementary Fig. 8. Moreover, D is inversely proportional to the combined product of the
concentration of fibrils, C,, ., , and the shrinkage ratio of the mother droplet, 7 (see Fig. 3 in the

main text).

An example for mathematic prediction of the size of the daughter droplets.

When both the concentration of dextran and PEG in the droplet and the continuous phases are

7.5 wt%, the corresponding shrinkage ratio of the droplet

_ c(deXtran)aﬁer dehydration 152% _

77 = = =
o
C(deXtran)before dehydration 75 A’

2.0 (12)

the initial concentration of fibrils in the droplet phase is 1.2%; the w/w interfacial tension, as

well as the interfacial tension between the dextran-rich phase and the network can be measured

from the tensiometer, o,,, =33uN m"' and o, =19uN m'; therefore,

_ 2 _ 3 Wbundle Gw/w

D daughter —

-1
Ruvie = — MR~ 200 (13)
2Udcx/nct77cﬁbri1f(0) 2 X 19!"LN m- X 2 X 12% X 08

Which is approximately equal to the measured diameter of the daughter droplets, 170~180 zim

(see Fig.la in the main text).
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Supplementary Note 4 -- Effect of interfacial tensions on the budding droplet morphology

The w/w interfacial tension contributes to droplet division since it sets the magnitude of the
resistance against formation of surface protrusions and the maximum curvature of the resultant
protrusions. To demonstrate this, we increase the interfacial tension yws from 4 uN m™! to 60 uN
m’! by increasing the PEG concentration in the continuous phase; meanwhile, we also increase the
dextran concentration in the droplets to keep the same shrinkage ratio and the actual fibril
concentration (see Supplementary Table 1). As the interfacial tension increases, merging of the
protrusions was observed to occur more frequently, resulting in protrusions with increased
diameters. When the interfacial tension is higher than 60 uN m™!, nucleation of the protrusion is
constrained or even inhibited. When interfacial tension is less than 4 uN m™!, osmotic flow can

cause fluctuations of the w/w interface and the uncontrolled breakup of the mother droplet.

Supplementary Note 5 --- Effect of fibril concentration on formation of new interfacial

area.

The increased interfacial area of the daughter droplets after division,

4 | 4x1 .
zSdaughter — v — O dex/net Cﬁbnlng mother __ x19 X_écvﬁbnl % 4_7[ x (@ x 10—6 )3 =1.26x% 10—5 Cﬁbril (14)
n Rdaughter Wbundle Gw/w 77 1 5 x 10 x 33 3 2

Since the width of bundles, w, ., does not change with the concentration of fibrils, so the total

surface area of daughter droplets should increase linearly with the concentration of fibrils.
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For a w/w droplet without addition of fibrils, the surface area of this fibril-free droplet after

dehydration is

2 2 -4
= 4nR> R, = 47:(%)3 (%)2 =124x107 m’ (15)
n

dehydration

S

dehydration mother

The ratio of the surface area of the daughter droplets relative to that of the fibril-free droplet

after dehydration is estimated from the following equation,

ZSd ght -5

wehter ] 26x107°Cpy

n = il 102C, 16
1.24x107 fibril (16)

Sdehydration

as shown by the estimated blue plot in Fig. 3b of the main text.

Supplementary Note 6 -- Effect of shrinkage ratio on the number and size of daughter

droplets.

Dehydration condenses the fibril network in the droplet and thus increases the actual

concentration of fibrils. We define a combined parameter,
X =1Cpi (17)

where X represents the concentration of fibrils in the droplet after dehydration.

6 6
R 30,4 =3><33><1.5><10 .i=2.44><10 (m) (18)
20 yexmetwork TCbri 2x2x19%x0.8 X X
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For multiple division, the number of daughter droplets »>2; For single division, the number
of daughter droplets 1<n <2 ; The boundary line separating the single and multiple division can

be estimated by

ne =2 (19)
Since
_ 30,,,a (20)
20 gexined 1Crii
Hence,
o ;ibrils _ 9;:0'3W,W013bundle __ 9mx(33x1.5x 10°)° —76x10° Q1)

3
mothero- dex/net 8 X 4?75 (1 25 X 1074)3 X 193

Plot the critical concentration of fibrils €', against the shrinkage ratio of the w/w emulsions

results in the estimated phase diagram in Fig.3e of the main text.
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