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Experimental data and characterization for all suspensions.

Table 1: Physical properties of lipids

Property DPPC DMPC
Spontaneous radius of curvature (A)? 2465 392
Bilayer Thickness (nm)? 3.9 3.67
Area/lipid (A?)3 63 59.9
Bending constant’ 15.8 12.2
Area compressibility (dyn/cm)! 230 210
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Dynamic Light Scattering

The MSD is a statistical measure of time-dependent particle displacements: (Ar?(r)) =
([r(t+7) — r(t)]?) , where r(¢) and r(t + 7) are the positions of a single particle 7 seconds
apart. The angular brackets in the MSD indicate a time average on all such position pairs
in a trajectory.

The mean squared displacements of the polystyrene tracer particles were obtained from

the electric field autocorrelation function:
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where ¢1(0) is the correlation value at zero time (or intercept), q is the magnitude of the
scattering vector, given by ¢ = (47n/X,)(sin(6/2)), n is the refractive index of the solution, A
and 6 the wavelength of the light and the scattering angle, respectively. Using the following
equation:

(Ar(r)) = %[log(gl(o)) — log(g:(7))], (2)
we extract the MSD of the tracers.

Assuming the tracers are able to identify the vesicle suspension as a continuum, the
viscoelastic modulus is obtained with a method based on a power law expansion of the MSD
locally around t = 1/w. Then, by evaluating the Fourier transform of the MSD (I") and
using Euler’s equation results in the G’ elastic (storage) and G” viscous (loss) modulus,* we

get:
G'(w) = G*(w)cos|ra(w)/2],

and

G"(w) = G*(w)sin[ra(w)/2],



where G*(w) is given by:
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In the above equation a is the diameter of the particle, T is the temperature, k; is the
Boltzmann constant, I denotes the gamma function which is a result of the Fourier transform

of the power law behaviour of the MSD and
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Vesicles volume fraction

The volume fraction (¢) is a parameter broadly used to evaluate colloidal suspensions. In
order to estimate this value in our experiments, we need to know how many vesicles are in

the suspension. We calculate this value by:

N = ﬁl’ (5>

where N is the number of vesicles, N, is the number of total lipids and N; is the number
of lipids of one vesicle. Using basic chemical and geometry equations we can obtain both

numbers by:

N = (g ) (Vo) ©)
M= (P, )

where C'is the mass of lipids, M M, is the molar mass of the lipid, N, the Avogadro’s number,
A, the external area of the vesicle, A; the inner area of the vesicle and A; the area needed
for each lipid. Knowing that the surface area of a sphere is A = 47r?, where the external

and inner radii relate as r; = r. — t;, where t; is the lipid bilayer thickness ~ 4 nm, we can



simplify the equation to obtain the total number of vesicles as:

K
N=23 : (8)
r: —4r. +8
where:
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Figure 1: (a) Vesicle number and volume fraction as a function of vesicle size, dot line marks
our experimental conditions. (b) DMPC Vesicle size evolution through 90 min, note that
the size does not change during the DLS measurements.

Now, we can obtain the total volume of the vesicles and therefore the volume fraction
by ¢ = %W%t(!\’)’ where V; is the total volume of the sample. Applying the information of
the table 1, the experimental data for DMPC, and the concentration of 15 mg/ml, we can
obtain N and ¢ as function of r., see Fig. la.

Knowing the number of vesicles and tracer particles (volume concentration divided by
the volume of each particle N, = %), we obtain for DMPC SUVs (at 15 mg/ml) that
there are approximately 1030836 vesicles per tracer particle. In the limiting case where all
nanovesicles are attracted to tracers, it is easy to calculate that within a ~ 0.55 um circlet
around each tracer, the local volume fraction would be ¢ = 0.64, the maximum possible

value. Such crowded environment induces the virtual cage of tracers.

We corroborate that the vesicles size remains stable during the time of an experiment,



see Fig. 1b.
Finally, by visual inspection, we verify that there is no aggregation of tracer particles

during the time of the experiments, see Fig 2.

Figure 2: Representative picture of (a) before and (b) after the rheology experiment. Black
dots are 0.994 pm tracer particles in the suspension of SUVs (which are no visible).
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