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Supporting information

Molecular structures
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Figure S1: Structures of DPPC (A) and ds,-DPPC (B).
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Figure S2: Structures of caprylic acid (C8:0 FA), monocaprylin (C8:0 MAG), tricaprylin (C8:0 TAG), oleic acid (C18:1 FA),
monoolein (C18:1 MAG) and triolein (C18:1 TAG).



Micro-differential scanning calorimetry measurements:

temperature
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Figure S3: Micro-differential scanning calorimetry thermograms (cooling curves, 0.5 K/min cooling rate) showing the gel-

to-fluid transition of liposomes: DPPC, DPPC/TC, DPPC/TO. The liposomes phase transition temperature is taken here as

the temperature value at which the peak maximum is reached. Each measurement was reproduced three times, and each

of them is shown for each liposome.



Quartz-crystal microbalance measurements: protocol of SLB formation
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Figure S4: Time-dependent evolution of the (®) resonance frequency (Af) and (@) energy dissipation factor (AD) measured
by quartz-crystal microbalance with dissipation monitoring [1], upon formation of a SLB: DPPC, DPPC/TC, DPPC/TO, in
ultrapure water, through liposomes fusion (at 50 £ 2°C). Liposomes, followed by salt (0.5 M NaCl), were injected into the
chamber, which was finally rinsed with ultrapure water to remove the lipid vesicles remaining intact at the interface and
in the bulk. For readability purposes, resonance frequencies and energy dissipation factors obtained for the 3 and 5th
harmonics only are shown here. A frequency shift of around -25 Hz typically denotes the effective formation of a stable

lipid membrane [2]. Each experiment was reproduced twice, and a representative measurement was selected for each

SLB.



Quartz-crystal microbalance with dissipation monitoring measurements [1] were performed
prior to NR experiments in order to define the protocol of formation of the SLB described in
the “neutron reflectometry” section. Changes in resonance frequency (Af), which correlates
with the adsorbed mass [3], and in energy dissipation factor (AD) were recorded
simultaneously over time. For each composition, the injection of liposomes leads to a first
decrease in resonance frequency (Af) (and, to a lower extent, to an increase in energy
dissipation factor (AD)), indicating lipid vesicles adsorption onto the silica-coated support
(Figure S4). The addition of salt results in a second, much higher decrease in resonance
frequency (and in an increase in energy dissipation factor), which implies the formation of the
SLB. Upon rinsing, surface-adsorbed liposomes are removed, thus leading to a rise to around
-25 Hz and to a drop to less than 1x10°° for, respectively, the resonance frequency and energy
dissipation factor — which are values characteristic of the formation of a homogeneous and

rigid SLB [2].



Scattering measurements: instrument configurations

Neutron reflectometry (NR). The INTER time-of-flight reflectometer employed in this study
(ISIS pulsed neutron source, STFC Rutherford Appleton Laboratory, Didcot, UK) [4] uses an
incoming polychromatic neutron beam with wavelengths (1) ranging from 1.8 to 17 A, with a

3% Ag./q. resolution, where g, is the scattering vector perpendicular to the surface (with g, =
47" sin ). Two different incident angles (&, with 61 = 0.7° and 6, = 2.3°) were employed to

obtain g, values ranging from 0.01 to 0.3 A’ and, for the two angles, the illuminated area
(footprint) was kept constant, within the area of the liquid cell. Reflectivity (R), which is the
ratio between the reflected and incident intensities, was measured as a function of g; in this
range. NR data were converted to reflectivity curves R(qg;) using the manipulation and analysis

toolkit for instrument data (MANTID) [5].

Small-angle X-ray scattering (SAXS). The ID02 instrument employed in this study (ESRF,
Grenoble, France) [6] was equipped with a charge-coupled device-based Rayonix MX-170HS
detector, and configured with an incoming monochromatic X-ray beam of wavelength A =1 A

(12.46 keV X-ray energy) and resolution AA/A = 0.015%. Two fixed sample-to-detector

41

distances (1 and 2 m) were used, thus allowing values of the scattering vector (g, with g = -

sin 9, with 28 the scattering angle) ranging from 0.015 to 0.8 A to be obtained.

Data were corrected for dark current, flat field, incoming flux and transmitted beam measured
simultaneously with the scattering. Ten measurements were averaged after verifying that no
change due to radiation damage occurred. Contribution of the solvent-filled capillary was
subtracted. The absolute scale was determined using the plateau intensity level of water (at

1.63x1072 cm™, at 298 K).

Small-angle neutron scattering (SANS). The SANS2D data obtained in this study for BS
micelles and mixed micelles (ISIS pulsed neutron source, STFC Rutherford Appleton
Laboratory, Didcot, UK) [7] were acquired with a polychromatic incident beam of wavelength
(A) ranging between 1.75 and 16.5 A and with a fixed instrument setup of L1 = L2 =4 m (where
L1 is the collimation length and L2 the sample-to-detector distance); a simultaneous g-range
of 0.004 to 1 A was achieved using two 1 m? detectors at 2.4 and 4 m from the sample, with
a g-resolution varying from ca. 2% at the highest g-values to ca. 19% with decreasing g-values,
calculated using the Mildner Carpenter equation [8]. The D33 data obtained in this study for
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BS micelles and TAG-incorporating liposomes (ILL, Grenoble, France) [9] were recorded with
a monochromatic neutron beam with an incident wavelength of A = 6 A (with a 10% AA/A
resolution) and three fixed sample-to-detector distances (D = 2, 5 and 12 m), as well as with A
=13 A and D = 12 m, thus obtaining g values ranging from 1.5x103 to 0.47 A

Detector images were radially averaged and corrected from the scattering of the empty cell
and D;0 background. Detector efficiency corrections and data normalisation to an appropriate
standard were done using MANTID (for SANS2D data) [5] and the large array manipulation
program (LAMP) (for D33 data) [10].



Scattering measurements: data analysis

Calculation of the electron and neutron SLD. The electron and neutron SLD of a molecule are

defined as follows:

LxiZi (gy) neutron SLD = Z;‘—b (52)

m m

electron SLD =re

where x; is the number of atom i in the molecule, v, the molecular volume of the molecule, re
the classical radius of the electron, Z; the atomic number of the atom i, and b/ the coherent

scattering length of the atom i (values of coherent scattering lengths are tabulated [11,12]).

Neutron reflectometry (NR). Data analysis was performed with the Aurore software [13] and
a global fitting procedure was applied for compatible data sets. Briefly, the SLB was divided
into four layers, each characterised by a specific thickness (t), SLD, amount of water (fwater)
and interfacial roughness (o). Because of the instrumental geometry used, the first two
(upper) layers in the SLB model correspond to the head groups (in contact with silicon oxide
(SiOyx)) and the tails regions of the inner leaflet, while the second two (lower) ones are ascribed
to the tails and head groups (in contact with the aqueous phase) of the outer leaflet (see
Supporting Information in reference [14]). An additional layer was used to model the native
SiOx layer present on the substrate surface. The result of the NR data analysis is a SLD profile
along the direction perpendicular to the surface (z), which is directly related to the distribution

of each molecular component in this direction.

Small-angle X-ray and neutron scattering (SAXS, SANS)

BS neat and mixed micelles (SAXS, SANS). Data analysis was performed with the SasView
software [15]. The intensity I(g) scattered from BS micelles and mixed micelles was fitted to

an oblate ellipsoid model combined with a Hayter-Penfold structure factor:

|(C{) = Qwiicelles (SLDMice//e - SLDWm‘er)2 PEIIipsoid(Q) SH—P(Q) (33)

where Quiicelles is the micellar volume fraction, SLDwjicele and SLDwater the SLD of the BS micelle
or mixed micelle and water, respectively, Priipsoid(q) the form factor for ellipsoids, and Sw-p(q)

the Hayter-Penfold structure factor, which describes the interactions between charged



micelles [16,17]. The polydispersity of micellar radii was fixed at 0.2, assuming a lognormal

distribution.

TAG-incorporating lipid vesicles (SANS). The intensity I(q) scattered from pure liposomes was
fitted to a model that takes into account two vesicle populations of uni- and multi-lamellar
vesicles (further detail can be found in [18]). The uni-lamellar lipid vesicles contribution is
described by a core/shell structure, with a Schultz distribution for the size, while the multi-
lamellar lipid vesicles are described by a core surrounded by multiple lipid bilayer shells, each
spaced by an aqueous solvent layer; in the case of multi-lamellar liposomes, the polydispersity
is attributed to the variable number of bilayers (or shells) and polydispersity of the solvent
layer thickness, also described by a Schultz distribution. The features of the individual bilayers
(SLD, thickness and hydration) were described by the same set of parameters for uni- and

multi-lamellar vesicles.

For the analysis of BS micelles, knowing that:

Qwiicetles = s + Dwater = Ji (54)

—XWater

and:
SLDwicelte - SLDwater = (1 - Xwater) SLDps + Xwater SLDwater - SLDwater
= (1 - XWater) (SLDBS - SLDWater) (55)

where @gs and Qwater are the volume fractions of, respectively, BS and water in micelles, xwater,

or M, the proportion of water in micelles, and SLDgs the SLD of BS, Equation (S3) can be

PMicelles

rewritten as follows:

I(q) = @ss (1 — Xwater) (SLDss — SLDwater)? Peilipsoid(Q) Sh-p(q)  (S6)

where @ps (1 — Xwater) corresponds to the volume fraction parameter returned by the software
(referred to as @software), When fixing the SLD of BS and water in the software to their calculated

value (Table 1). @ss is calculated by considering the presence of free unimers in the solution:

Dps = ([BSltotal — CMCps) Mps (57)
PBS
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where [BS]:otar is the total BS concentration in the solution, CMCss the BS critical micellar
concentration, Mgs the BS molecular weight, and pgs the BS density. The degree of hydration
of BS micelles (Xwater) is then estimated from the volume fraction fitted. It is worth noting that
for the measurement of BS micelles and mixed micelles with SANS, xwaqter actually corresponds
to the extent of hydration of the micellar core, as this technique was found to resolve this part

of the aggregate only.

The volume of each BS micelle or mixed micelle (Vwmicere) was calculated as follows:
Vmicelle = %T[ Rpy; Rf;q (S8)

where Rpos and Req are the polar and equatorial radii of the oblate ellipsoid micelle.

The aggregation number (Nggg) of the micelles was determined from SAXS by:

vgieette Micelle 4 2
Nagg = » , with Vg = 3T Rpot Req” (1 — xyqrer)  (S9)
mBS
where V}icelle is the volume occupied by BS in the hydrated micelle and vim ss the molecular

volume of each BS (Vm natc = 0.680 nm?3 [19] and Vm natoc = 0.658 nm? [20]).

The eccentricity of each BS micelle was calculated as follows:

2
Eccentricity= |1 — @ (S10)
RZ,

Therefore, the eccentricity of an ellipsoid varies between 0 and 1, and that of a sphere is 0.

For the analysis of mixed micelles, making the hypothesis that all the additives (FA or MAG)

molecules contribute to the formation of mixed aggregates, the volume fractions of the
additive (Qra and @umac) were calculated considering the absence of free unimers, and the SLD

of the objects measured with SANS was fixed to SLDgs/ra or 8s/mac, With SLDgs/ra or Bs/maG =

1
——— (®ss SLDss + ®ra or mac SLDra or mac), Where @ss and @ra or mac are the volume
®BS/FA or BS/MAG

fractions of, respectively, BS and FA or MAG, SLDgs and SLDra or mac the SLD of, respectively, BS
and FA or MAG, @ss/ra or Bs/mac and SLDgs/ea or s/mac the total volume fraction and total SLD,

respectively (Table S2).
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The composition of the BS mixed micelles formed upon addition of BS to liposomes being
unknown, the SLD of the objects probed by SANS was fixed to the SLD of BS; this assumption
is reasonable since in the ‘ideal’ case where all the lipids, TAG and BS are incorporated into
the mixed aggregates (which is not the case here as the systems contain other structures than
mixed micelles), the minimum value of SLD obtained would be 0.69x10¢ A2, which is relatively

similar to that of BS (0.95x10® A2 for NaTC, and 0.90x10° A2 for NaTDC).

For the analysis of both BS neat and mixed micelles, all the known parameters (i.e., SLD of

the objects measured and solvent, salt concentration) were fixed to minimise the variation on
the fitted parameters; an error of + 2 A on the fitted radii parameters (Rro;, Reg) Was found.
The error on the objects volume (Vwicelle core, Vimicelle, Vimixed micelle core) and Nagg Was estimated

based on the radii error values.

Type and quantity of FA and MAG used in BS mixed aggregates

Table S1: Type and quantity of additives used in BS mixed micelles

Additive [Additive] (% w/w)
0.25
Capryli id (C8:0
prylic acid ( ) 50
FA 0.10
Oleic acid (C18:1) '
0.25
Monocaprylin (C8:0) 0.25
Pryiin t-e: 1.30
MAG
. 0.10
Monoolein (C18:1)
0.25

12



Parameters obtained from the analysis of scattering data from BS mixed micelles (with FA or MAG)

Table S2: Concentration of FA (C8:0 or C18:1) or MAG (C8:0 or C18:1) in the sample ([Additive]), volume fraction of each component in the micelles (®gs, @ra, Pmac), total volume fraction
1

PBS/FA or BS/MAG

(Dss/ea or 8s/mac = Das + Dka or mac), SLD of each component (SLDgs, SLDfa, SLDyag), total SLD (SLDgs/ra or Bs/mac = (@ss SLDgs + Dra or mac SLDka or mac)), for each BS studied: NaTC,

NaTDC, with and without 0.15 M NaCl. These parameters were used to fit SANS2D data. While the density of both FA was known (0.91 for C8:0 FA and 0.89 for C18:1 FA), the density of both

MAG was assumed to be of similar value and was fixed at 0.90 for the calculation of the volume fractions.

SLDegs/ra or Bs/
NaTC [Additive] (0I5 Oes Orane Des/ra or BS/MAG ("’15072) (;S_Z“)MG
(% w/w)
No salt Salt No salt Salt No salt Salt
s :0 0.25 0.0392 0.0400 0.0031 - 0.0422 0.0431 0.89 0.90
EA ) 1.50 0.0386  0.0395 0.0160 - 0.0546  0.0555 0.73 0.73
c18:1 0.10 0.0393 0.0401 0.0011 - 0.0404 0.0412 0.93 0.93
) 0.25 0.0392 0.0400 0.0031 - 0.0423 0.0431 0.89 0.89
8 :0 0.25 0.0392 0.0400 - 0.0029 0.0421 0.0429 0.91 0.91
MAG ) 1.30 0.0387 0.0395 - 0.0142 0.0530 0.0538 0.79 0.79
c18:1 0.10 0.0393 0.0401 - 0.0011 0.0404 0.0412 0.93 0.93
) 0.25 0.0392 0.0400 - 0.0027 0.0418 0.0427 0.90 0.90
SLDgs/Fa or Bs/MAG
NaTDC [Additive] (OF Des/ra or BS/MAG 6 (R-2
(017 (OTVING (.10°) (A7)
(% w/w)
No salt Salt No salt Salt No salt Salt
80 0.25 0.0387 0.0391 | 0.0033 - 0.0420 0.0424 @ 0.84 0.84
EA ) 1.50 0.0382 0.0386 | 0.0166 - 0.0548 0.0552 0.68 0.69
181 0.10 0.0388 0.0392 | 0.0013 - 0.0401 0.0405 0.87 0.87
) 0.25 0.0387 0.0391 | 0.0029 - 0.0416 0.0420  0.84 0.84
80 0.25 0.0387 0.0391 - 0.0027 | 0.0414 0.0418 0.86 0.86
MAG ) 1.30 0.0382 0.0386 - 0.0145 | 0.0527 0.0531  0.75 0.75
c18:1 0.10 0.0388 0.0392 - 0.0011 | 0.0399 0.0403 0.88 0.88
) 0.25 0.0387 0.0391 - 0.0027 | 0.0414 0.0418 0.86 0.86

13



Parameters obtained from the analysis of scattering data from BS micelles

Table S3: Concentration of BS in the sample ([BS]), volume fraction of BS in the micelles (@ss), amount of charges in BS micelle, volume fraction fitted by the software (@sofiware, also equal
to @ss (1 — Xwater)), polar (Rpo1) and equatorial (Re,) radii values of the (oblate) ellipsoid BS micelle, volumes of the BS micelle core (Vuicelte core) and micelle (Viviicere), proportion of water in BS
micelle core (Xwater in micelles core) aNd micelle (Xwater in micettes), €Ccentricity, volume fraction of BS micelles in solution (@iceres), and BS micelle aggregation number (Ng4), for each BS studied:
NaTC, NaTDC, with and without 0.15 M NaCl. These parameters were obtained from SANS2D (SANS) and ID02 (SAXS) data fitting. In the absence of salt, only SANS data could be fitted and,
therefore, only the parameters obtained from the SANS measurements are shown in this table; in the presence of salt, both SANS and SAXS data could be fitted, except the ones obtained
at high BS concentrations (i.e., 100 and 200 mM), where strong peaks of interaction are present. To note: below the CMC and where N,g ~ 1, the objects probed are unimers rather than

micelles but the same terminology (referring to “micelles”) was kept.

Without salt

NaTC
[BS] Charges 2 2 Vicelle core Xwater in . -
(0] Dsoftware |~ Rpol (A Req (A Eccentricit
(mM) BS (e) Soft pol (A) £q (A) (nm?) e core v}
25 0.0086 - 0.0080 4+2 10+2 2+1 0.1 0.92 £ 0.09
50 0.0189 4 0.0181 32 142 32 0.04 0.98 £0.03
100 0.0394 7 0.0351 52 142 4+2 0.1 0.93 £ 0.06
200 0.0804 10 0.0614 5+2 162 63 0.2 0.95 +0.04
NaTDC
[BS] Charges 2 2 VMicelle core | Xwater in . .
(0] Dsoftware | Rpol (A Req (A Eccentricit
(mM) BS (e) Soft pol (A) £q (A) (nm?) e core Y
10 0.0032 3 0.0027 52 142 4+2 0.2 0.93 £ 0.06
25 0.0091 7 0.0076 62 162 63 0.2 0.93 £0.05
30 0.0111 7 0.0093 7+2 162 7+3 0.2 0.90 £ 0.07
50 0.0190 10 0.0154 7+2 172 8+3 0.2 0.91 £ 0.06
100 0.0387 15 0.0310 8+2 18+2 11+4 0.2 0.90 £ 0.06
200 0.0783 19 0.0626 8+2 21+2 14+5 0.2 0.92 £0.04
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Scattering data obtained for BS micelles at 37°C

NaTC NaTDC

200 mM
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Figure S5: Scattered intensity (/) as a function of the scattering vector (q) for aqueous solutions of BS (NaTC, NaTDC),

prepared at different concentrations (10, 30, 50, 100 and 200 mM) and measured at two different temperatures: (O) 25°C,

(@) 37°C, without salt, with SANS. For readability purposes, curves are staggered vertically.
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MD simulations data obtained for BS micelles
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Figure S6: Number of BS clusters containing two or more BS molecules (—), number of free BS unimers in solution (=) and

maximum number of BS molecules in one cluster (i.e., cluster size) (=) as a function of time, for the two BS (NaTC, NaTDC)

at different concentrations (10, 20 and 50 mM), in the presence of 0.15 M NaCl.
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Table S4: Average eccentricity (excluding and including unimers), radius of gyration (excluding and including unimers),
number of isolated unimers, number of clusters (excluding unimers), average cluster size (excluding and including unimers)
for aggregates containing more than one BS molecule (NaTC, NaTDC) in each of the simulated concentrations (10, 20 and

50 mM) of the BS in solution, in the presence of 0.15 M NaCl.

NaTC 10 mM 20 mM 50 mM
HIEAE 0.30+0.13 0.28 £0.12 0.34+0.13
(excl. unimers)

E.ccentrl'CItv 0.68+0.23 0.59 +0.27 0.55+0.25
(incl. unimers)

Radius of gyration (A) 86+19 96+16 10.9+2.2
(excl. unimers) o o o
Radius of gyration (A) 64+14 73+21 8.4+3.0
(incl. unimers) S o B

# isolated unimers 55+1.7 43+15 21+13
# cIuster_s 1.3+0.6 3.0+0.7 2.3+0.6
(excl. unimers)

Avg. clus_ter size 48+21 7.0+29 10.0+4.5
(excl. unimers)

/-}vg. clu§ter size 1.8+1.8 34+35 5.7+5.5
(incl. unimers)

NaTDC 10 mM 20 mM 20 mM
Eccentrlc_lty 022 +0.10 0.27 + 0.09 0.25+0.10
(excl. unimers)

Eccentricity 0.48 £0.22 0.37+0.18 0.32+0.18
(incl. unimers)

Radius of gyration (A) 98+11 10.7 + 1.8 11.1+1.0
(excl. unimers) S R o
Radius of gyration (A) 6.6+24 86+3.2 99+25
(incl. unimers) S o .

# isolated unimers 25+1.1 1.3+0.9 0.5+0.7
# cIuster_s 1.1+0.4 22+04 2.1+04
(excl. unimers)

Avg. clus_ter size 85+24 109 + 4.8 11.5+2.7
(excl. unimers)

Avg. cluster size 33+3.7 73+6.1 9.6+4.8

(incl. unimers)
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Figure S7: Definition of the atoms labels used in the interaction maps between molecules: A. NaTC, B. NaTDC.

In order to present the intermolecular interactions occurring between BS molecules in their micelles

in a tractable manner, atom names were used in the manuscript for the heavy atoms in each BS. In

Figure S7, we show the definition of these atom labels in terms of the chemical structure of each

molecule.

Table S5: Radial distribution functions of water molecules around the various polar atoms in each BS molecule (NaTC,

NaTDC). The first neighbour distance (r) and the coordination number of water molecules within the first hydration shell

(nc) are shown for each interaction at each of the three different concentrations (10, 20 and 50 mM), in the presence of

0.15 M NaCl. The atom labels used on the two axes are defined in Figure S7. O,, corresponds to the oxygen atom of the

water molecule.

NaTC

S-Ow
01'0w
OZ'Ow
03'0w
O4'0w

NaTDC

S-Ow
01'0w
OZ'OW
03'0w

10 mM 20 mM
r (A) ne r (A) nc
4.5 8.4 4.5 8.0
3.6 3.8 3.6 3.5
3.6 4.0 3.6 3.6
3.6 4.4 3.6 4.0
3.6 5.6 3.6 5.2

10 mM 20 mM
r (A) ne r (A) nc
4.5 8.0 4.5 8.1
3.6 4.1 3.6 4.1
3.6 4.4 3.6 4.4
3.6 5.2 3.6 5.3

50 mM
r (A) ne
4.5 7.8
3.6 3.4
3.6 3.4
3.6 3.9
3.6 5.1

50 mM
r (A) ne
4.5 8.1
3.6 4.1
3.6 4.5
3.6 54

For both BS, the amide oxygen (Oa for NaTC and O3 for NaTDC) and sulfur (S) atoms of the

ionic chain are the most hydrated polar atoms (more so than the oxygen atoms of the hydroxyl

groups (Table S5)). Additionally, an increase in BS concentration results in a lower extent of
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hydration around NaTC polar atoms, a 10% decrease being observed when comparing BS
micelles formed at 10 and 50 mM; in contrast, the polar atoms of NaTDC remain equally
hydrated at all concentrations. The dehydration phenomenon observed with NaTC is
attributed to the increasing number of interactions occurring between BS molecules as they
further assemble with each other; as all the polar atoms are dehydrated by the same amount,
there does not seem to be any region of the NaTC molecule that is preferably shielded during
the self-aggregation process. The lack of change in hydration content in NaTDC micelles
suggests that the NaTDC polar oxygen atoms are not particularly involved in the interactions
responsible for self-assembly; contrary to NaTC, there does not seem to be any competition

for interaction with BS molecules between water and other BS molecules.
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Scattering data obtained for BS mixed micelles (with FA or MAG)
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Figure S8: Scattered intensity (/) as a function of the scattering vector (g) for 100 mM BS aqueous solutions of either NaTC
(A, C, E, G) or NaTDC (B, D, F, H), mixed with different amounts (from 0.10% to 1.50% w/w) of either FA (A, B, C, D) or MAG
(E, F, G, H) and measured at 25°C, by SANS. Solutions were prepared without salt. Two types of FA: (A, B) C8:0, (C, D) C18:1,
and MAG: (E, F) C8:0, (G, H) C18:1, were employed in this study. Solid lines correspond to fits to the data as described in

the text (Equation (S3)).
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Figure S9: Scattered intensity (/) as a function of the scattering vector (g) for 100 mM BS aqueous solutions of either NaTC
(A, C, E, G) or NaTDC (B, D, F, H), mixed with different amounts (from 0.10% to 1.50% w/w) of either FA (A, B, C, D) or MAG
(E, F, G, H) and measured at 25°C, by SANS. Solutions were prepared with 0.15 M NaCl. Two types of FA: (A, B) C8:0, (C, D)
C18:1, and MAG: (E, F) C8:0, (G, H) C18:1, were employed in this study. Solid lines correspond to fits to the data as described

in the text (Equation (S3)).
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Table S6: Concentration of FA (C8:0 or C18:1) or MAG (C8:0 or C18:1) in the sample ([Additive]), amount of charges in BS mixed micelle, volume fraction fitted by the software (@software),
polar (Rp.) and equatorial (Rgg) radii values of the (oblate) ellipsoid BS mixed micelle, volume of the BS mixed micelle core (Viixed micelie core), for each BS studied: NaTC, NaTDC, with and

without 0.15 M NaCl. These parameters were obtained from SANS2D data fitting.

NaTC [Additive] Charges (e) Dsoftware Rrol (A) Req (A) VMixed micelle core (NM?)
(% w/w) No salt Salt No salt Salt No salt Salt No salt Salt No salt Salt
No additive 0 7 - 0.0351 - 5+2 - 14+2 - 4+2
8:0 0.25 8 12 0.0321 0.0347 612 5+2 152 162 5+2 6%3
FA 1.50 13 23 0.0456 | 0.0471 8+2 10+2 | 202 | 31%2 145 41+11
c18:1 0.10 8 12 0.0290 @ 0.0327 612 5+2 142 162 5+2 t
0.25 9 16 0.0322 | 0.0332 7+2 7+2 152 162 7+3 8+3
8:0 0.25 8 12 0.0309 @ 0.0319 612 612 142 152 5+2 6%3
MAG 1.30 9 15 0.0422 | 0.0418 7+2 7+2 162 172 8+3 914
c18:1 0.10 8 12 0.0286 @ 0.0314 612 5+2 142 162 5+2 6%3
0.25 8 14 0.0305 | 0.0312 7+2 7+2 152 162 6+3 7+3
NaTDC [Additive] Charges (e) Dsoftware Rrol (A) Req (A) VMixed micelle core (NM?)
(% w/w) Nosalt | Salt Nosalt Salt No salt Salt No salt Salt No salt Salt
No additive 0 15 - 0.0310 - 812 - 18+2 - 1114 -
c8:0 0.25 17 30 0.0356 0.0359 812 8+2 202 242 135 186
FA 1.50 23 36 0.0473 | 0.0510 | 102 102 242 31+2 267 41+11
) 0.10 16 22 0.0331 0.0351 812 8+2 18+2 232 12+4 186
cis:1 0.25 17 26 0.0356 | 0.0377 9+2 812 19+2 232 1314 186
c8:0 0.25 16 23 0.0294 0.0339 812 8+2 18+2 232 11+4 176
MAG 1.30 15 13 0.0445 | 0.0435 812 812 212 252 155 217
c18:1 0.10 16 24 0.0334 0.0327 812 8+2 19+2 22+2 11+4 165
0.25 16 22 0.0370 | 0.0369 9+2 812 19+2 232 1314 186
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NR data obtained from TAG-incorporating liposomes bilayer

d62-DPPCIT C
0.0 0.1 012 013
q, (A7)

| dg,-DPPCI/TO
10 o 02 o3
qa, (A1)

Figure S10: NR signal (R.q.? representation) of the TAG-incorporating SLB: ds;-DPPC, ds,-DPPC/TC, de-DPPC/TO, in different

aqueous phases: (0) D;0, (©) SIMW, (o) H,0, as a function of the scattering vector (g,).
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de2-DPPC | de2-DPPC/TC | ds-DPPC/TO
o (A) 2.0 2.0 2.0
t (A) 8 8 8
SiO, SLD (x10°) (A?2) 3.41 3.41 3.41
fuater 0 0 0
o (A) 3.0 2.1 2.0
t (A) 4 5 4
Water | SLD (x10°) (A?) 0
fwater 1 1 1
o (A) 2.5 4.4 3.8
t (A) 5 5 10
Head group |SLD (x10°) (A?) 1.88 1.88 1.88
fuater 0.06 0.06 0.4
o (A) 2.5 4.4 3.8
t (A) 15 15 16
Tails SLD (x10°) (A?) 6.71 6.41 5.77
fuater 0.02 0 0.06
o (A) 1.0 4.4 1.0
Additional tA) . 2 .
TAG layer SLD (x10°) (A?2) - -0.35 -
water - 0 -
o (A) - 4.4 .
t (A) 15 15 16
Tails SLD (x10°) (A?) 6.71 6.41 5.77
fuater 0.02 0 0.06
o (A) 2.5 4.4 3.8
t (A) 5 5 10
Head group |SLD (x10°) (A?) 1.88 1.88 1.88
fuater 0.06 0.06 0.4
o (A) 2.5 4.4 3.8

Table S7: NR parameters of each upper and lower (tails and head group) layer of the lipid (ds;-DPPC, ds,-DPPC/TC, de>-
DPPC/TO) bilayer: o, the roughness, t, the thickness, SLD, the scattering length density and fyater, the amount of water. The
parameters of the silicon oxide (SiOx) layer and water layer between the block and the upper head group region are also
given. For dg;-DPPC/TC, an additional layer — corresponding to the incorporation of tricaprylin between de,-DPPC tails — is
present. For such a thin layer, the values of thickness (t) and roughness (o) are strongly coupled and therefore, individual

values are affected by a large error; however, the presence of this region in the midplane of the bilayer is unambiguous.

ds2-DPPC was found to form a symmetric SLB, with one homogeneous tails region and two
hydrophilic head group layers. The latter were described by exactly the same structural
parameters (t, SLD, fwater), While the interfacial roughness (o) was allowed to be decoupled,
because of differences likely to occur due to the different media faced by each hydrophilic

layer (the solid silicon substrate for the upper layer, the aqueous phase for the lower one).
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Several models were tested in order to reproduce the experimental reflectivity curves
obtained for the ds;-DPPC/TC system: (i) the symmetric SLB model commonly used for pure
lipids; (ii) a model in which tricaprylin would be partitioned between the hydrophobic and
hydrophilic regions of the bilayer, and oriented parallel to the phospholipid acyl chains; and
(iii) a model in which tricaprylin would exhibit a T shape and be localised at the centre of the
bilayer, with two branches located between the two lipid tails regions (perpendicular to them)
and one inserted among the tails (parallel to them). The model (iii) was the only one able to
accurately fit the experimental data. It was possible to constrain the parameters of the head
group layers to those of the pure de,-DPPC SLB, while those of the tails regions and of the
additional tricaprylin layer were allowed to vary during the fitting procedure. The
incorporation of tricaprylin increased the interfacial roughness (o) with respect to the one
characterising the pristine de,-DPPC SLB. The presence of the tricaprylin layer is particularly
evident from the inspection of the SLD profiles reported in Figure 10A.

Considering the insertion of triolein into both lipid tails layers only (i.e., not into their head
groups), data obtained for the de,-DPPC/TO system were fitted with a traditional SLB model,
with the parameters of the tails regions, as well as those of the head group layers, being let

free to vary, and taking into account the presence of triolein molecules within the bilayer.
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SANS data from TAG-incorporating liposomes

—=- Uni-lamellar vesicles
1024 e e Multi-lamellar vesicles
g 100- — Uni- and multi-lamellar vesicles
10-2_
10 T T
0.001 0.01 0.1

q (A

Figure S11: Scattered intensity (/) as a function of the scattering vector (q) for the pure DPPC vesicles (), measured at
25°C, by SANS. The connecting lines are the trend lines that best fit the data set using the vesicular model described in

[18]; the contributions of both the uni- and multi-lamellar lipid vesicles are shown in this figure.

The structural organisation of DPPC liposomes was characterised using SANS (Figure S11). The
change in slope observed at around 0.090 A! is characteristic of the presence of a bilayer,
thereby indicating a core/shell (or vesicle) structure. The presence of two oscillations in the
scattering intensity, at ca. 0.009 At and 0.040 A%, could not be reproduced using either a uni-

or multi-lamellar model alone. These features give an estimate of the size of the objects in

2 o o
solution (following this relation: d ~ f): ca. 700 A and ca. 160 A, respectively. For this reason,

we assumed two contributions: uni-lamellar vesicles (with a core radius of 6.70 nm (0.3
polydispersity) and an outer bilayer (or shell) thickness of 4.40 nm) and larger multi-lamellar
liposomes (with an inner core radius of 17.5 nm (0.5 polydispersity) and 4 shells of 4.40 nm

thickness each (0.7 polydispersity), separated by a 2.30 nm-thick gap of water).
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Table S8: Amount of charges in BS mixed micelle, volume fraction fitted by the software (@sotware), polar (Rpo) and

equatorial (Rg,) radii values of the (oblate) ellipsoid BS mixed micelle, volume of the BS mixed micelle core (Viixed micete core),

for the BS mixed micelles formed upon adding either 100 mM NaTC or 50 mM NaTDC, to the three different liposomes:

DPPC, DPPC/TC, DPPC/TO. These parameters were obtained from the fits to D33 data obtained at 25°C.

Liposomes
type

DPPC
DPPC/TC
DPPC/TO

Charges (e)
NaTC NaTDC
8 13
8 13
8 11

q)Software RPOl (A)
NaTC NaTDC NaTC NaTDC
0.0374 0.0241 8+2 11+2
0.0365 0.0245 7+2 102
0.0361 0.0239 8+2 102
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Figure S12: Evolution of (A) the volume of the BS mixed micelles obtained from SANS data (Viixed micelie core), (B) the polar

radius of the BS mixed micelles (Rpo;) and (C) the equatorial radius of the BS mixed micelles (Rg;), for various liposomes,

with either (' ) 100 mM NaTC or () 50 mM NaTDC. Results obtained with pristine BS micelles, in the absence of liposomes,

are also indicated for comparison.
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Figure S13: Scattered intensity (/) as a function of the scattering vector (q) for each TAG-incorporating lipid (DPPC, DPPC/TC,
DPPC/TO) vesicle, mixed with different amounts (10, 30, 50 and 100 mM) of BS (NaTC, NaTDC), measured at 37°C, by SANS.

The scattering curve of the pure liposomes (@) is also shown for comparison.
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