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Figure S1. Characterization of POPC/Chol binary mixtures by electrophoretic and
dynamic light scattering measurements.

(A)

Average size of POPC/Chol LUVs at neutral (solid symbols) and acidic (open

symbols) pH. (B, C) Normalized scattered light intensity of LUVs composed by POPC with
10 (=), 20 (—), 30 (---) and 40 (-.-.-) mol % of Chol at (B) pH 7.4 and (C) 5.5. Inset shows
vesicle population with sizes in the order of microns. These liposomes represent a very small
population of the sample. This was confirmed by the disappearance of the very high size
band, when the number of the vesicles was considered instead of the scattering intensity (data
not shown). (D) Polidispersity index (Pdl) and (E) {-potential of POPC/Chol LUVs at neutral
(solid symbols) and acidic (open symbols) pH. Values are means = SD of at least 3

independent experiments.
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Figure S2. Confocal fluorescence microscopy of POPC/Chol mixtures.

3D projection images from confocal slices (0.4 um) of POPC/Chol GUVs labelled with NBD-
DPPE and Rho-DOPE at neutral and acidic pH. Scale bar, 5 um
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Figure S3. Lifetime components of t-PnA fluorescence intensity decay in mixtures of
POPC/Chol/C16-GlcCer with different C16-GlcCer/Chol ratios.

Variation of the lifetime components of t-PnA fluorescence intensity decay in
POPC/Chol/C16-GlcCer. The mixtures contain 40 and 70 mol % of POPC. Measurements

were performed at (A) pH 7.4 and (B) pH 5.5.Values are means of at least 3 independent
experiments.
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Figure S4. Morphological alterations of POPC/Chol/C16-GlcCer mixtures at acidic pH.

3D projection images from 0.4 um confocal slices of POPC/Chol/C16-GlcCer GUVs labelled
with NBD-DPPE and Rho-DOPE. Tubules are highlighted with white arrows. Scale bar, 5

pm.
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Figure S5. Characterization of POPC/Chol/C16-GlcCer mixtures by electrophoretic and
dynamic light scattering measurements.

(A) Average size of POPC/Chol/GlcCer LUV containing 40 (triangles) and 70 (circles) mol%
of POPC at pH 7.4 (solid symbols) and 5.5 (open symbols). (B, C) Normalized scattered light
intensity of LUVs containing 40/40/20 (—), 40/20/40 (---), 70/20/10 (—), and 70/10/20 (-.-.-)
of POPC/Chol/GlcCer, respectively, at (B) pH 7.4 and (C) pH 5.5. Inset shows vesicle
population with sizes in the order of microns. (D) Pdl and (E) {-potential of POPC/Chol/C16-
GlcCer mixtures. Symbols are the same as in (A).
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Figure S6. Characterization of POPC/C16-GlcCer binary mixtures by electrophoretic
and dynamic light scattering measurements.

(A) Vesicle average size of POPC/C16-GlcCer LUVs at neutral (solid symbols) and acidic
(open symbols) pH. (B, C) normalized scattered light intensity of LUVs composed by POPC
10 (—), 20 (—), 30 (---), 40 (-.-.-) and 58 (—) mol% of C16-GlcCer, at (B) pH 7.4 and (C)
5.5. Inset shows vesicle population with sizes in the order of microns. (D) Pdl and (E) (-
potential of POPC/C16-GlcCer LUVs at neutral (solid symbols) and acidic (open symbols)
pH. Values are means = SD of at least 3 independent experiments.
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Figure S7. Analysis of t-PnA fluorescence intensity decay in POPC/Chol/C16-GlcCer
mixtures with constant POPC/Chol ratio.

Variation of the pre-exponential factors and lifetime components of t-PnA fluorescence
intensity decay, in POPC/Chol/C16-GlcCer ternary mixtures with a POPC/Chol ratio
mimicking 25 (A, B, E, F) and 75 (C, D, G, H) mol % of |, and increasing molar fractions of
C16-GlcCer. Measurements were performed at (A-D) pH 7.4 and (E-H) pH 5.5. Values are
means of at least 3 independent experiments.
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Figure S8. pH influence in the biophysical behavior of POPC/Chol/GlcCer membranes
containing different |, fractions.

t-PnA (A, D) fluorescence anisotropy, (B, E) mean fluorescence lifetime and (C, F) long
lifetime component of the intensity decay in ternary POPC/Chol/C16-GlcCer mixtures
containing POPC/Chol ratios mimicking (A-C) 25 and (D-F) 75 mol % of |, phase.
Measurements were performed at neutral (solid symbols) and acidic (open symbols) pH.
Values are means + SD of at least 3 independent experiments.
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Figure S9. Characterization of POPC/Chol/C16-GlcCer LUVs containing constant POPC/Chol
ratio by electrophoretic and dynamic light scattering measurements.

(A) Vesicle average size and (B) Pdl of POPC/Chol/C16-GlcCer LUVs with POPC/Chol
ratios mimicking 25 (circles) and 75 (triangles) mol % of |, at neutral (solid symbols) and
acidic (open symbols) pH. (C-F) Normalized scattered light intensity of LUVs containing a
POPC/Chol ratio mimicking (C, E) 25 and (D, F) 75 mol % of I, with 0 (—), 10 (—), 20 (---)
and 30 (-.-.-) mol% of C16-GlcCer at (C,D) neutral or (E, F) acidic pH. Inset shows vesicle
population with sizes in the order of microns. (G) (-potential of POPC/Chol/C16-GlcCer
LUVs with POPC/Chol ratios mimicking 25 (circles) and 75 (triangles) mol % of |, at neutral
(solid symbols) and acidic (open symbols) pH. Values are means = SD of at least 3
independent experiments.
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Figure S10. Influence of pH in the biophysical properties of POPC/C16-GlcCer lipid
mixtures

Variation of t-PnA fluorescence anisotropy in mixtures containing POPC (black), and POPC
with 5 (grey) and 30 (blue) mol % of GlcCer. The lipid mixtures are in citrate-phosphate
buffers at different pH (solid circles) or in PBS (open circles). See supplementary Table 1 for
more information on buffer composition. Values are means £ SD of at least 3 independent
experiments.
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Supplementary Tables

Table S1- lons concentrations and ionic strength of the different buffers used in the

study.

The ions concentration was calculated taking into account the concentration of the
components of each buffer. The lonic strength was directly determined in the buffers, using

an osmometer.

. . Total Anion lonic Strength
pH Total Cation concentration (M) concentration (M) (mOsm)
Citrate-Phosphate buffer

Na+ H+ Po43—
5.40 0.22 0.11 0.11 286.00
6.00 0.25 0.13 0.13 283.00
6.80 0.31 0.15 0.15 326.00
7.00 0.33 0.16 0.16 333.00
7.40 0.36 0.18 0.18 350.00

PBS buffer

Na* H* PO +CI

7.40 0.17 0.01 0.16 291.00
0.18

12



Table S2. Molar fractions of POPC-rich, Chol-rich and GlcCer-rich phases (4, |, and
gel, respectively) in ternary POPC/Chol/C16-GlcCer mixtures.

The 14, |, and gel fractions were obtained from
measurements (Fig. 3B, 3E, 5C and 5D), using the formalisms described in the

Supplementary Information below.

t-PnA mean fluorescence

pH 7.4 pH 55
XClG-GIcCer
Xid Xio Xgt Xy Xio Xgel
0.1 058 042 0.00 054 0.46 0.00
0.25 0.2 055 040 0.05 051 044 0.05
Xlo 0.3 047 034 020 044 039 0.17
0.1 032 068 0.00 033 0.67 0.00
0.75 0.2 030 067 004 031 065 0.04
0.3 027 061 012 029 0.61 0.10
0.1 059 042 0.00 054 0.46 0.00
0.70
Xpopc 02 069 022 008 066 024 010
0.2 0.12 086 0.02 013 0.84 0.03
0.40
0.4 040 029 030 047 041 0.13

lifetime

13



Supplementary information

1. Determination of the fraction and composition of each phase for a three-phase
situation of the POPC/Chol/C16-GlcCer ternary system

A. To calculate the fraction of each phase in POPC/Chol/C16-GlcCer mixtures we used a
methodology previously developed by us (1):

First, the partition coefficient (K,) of t-PnA towards a GlcCer-enriched gel phase and a Chol-
enriched |, phase was determined using t-PnA photophysical parameters obtained for the
binary POPC/C16-GlcCer (2) and POPC/Chol mixtures (Fig. 1), respectively, accordingly to
the following equations:

From mean fluorescent lifetime, < 7 >

<T>=(KT>KpXg+ T [Tg < T > eXp)/KpXg+ Te/Ts X5 ) Eq. 1
and from steady-state fluorescent anisotropy ,<r>

<r>=(<r>gKpXg+ 76 [T <1 > Xr)/KpXg+ Tt/Tg Xr Eq. 2

where X; is the phase fraction, < T > ;, Tr, and <r>;, are the mean fluorescence lifetime, the
lifetime weighted quantum vyield and the steady-state fluorescence anisotropy of t-PnA, in
phase i, respectively. K, is obtained by fitting the equations to the data as a function of X;.

B. The photophysical properties of t-PnA were used to calculate the fraction of light emitted
from the C16-GlcCer-rich gel phase (FLci6-ciccer), as described in (1):

< T > = FLcis-ciccer <T > ci6-ciccer 7 FL non c16-Glccer <T>nonc16-Gleccer  EQ. 3

where <t> is the mean fluorescence lifetime obtained for these mixtures, <t>cis-giccer 1S the
probe mean fluorescence lifetime in a C16-GlcCer-rich gel phase, FLnoncis-ciccer = (1-FLc16-
aiccer) 1S the fraction of emitted light from all the C16-GlcCer poor phases, and <t>nonc16-GlcCer
is the probe mean fluorescence lifetime in C16-GlcCer poor phases. In this ternary system the
probe’s mean fluorescence lifetime in the C16-GlcCer poor phases is the value obtained in the
absence of C16-GlcCer, and is given by:

< T > nonci6-Glccer = FL Chol <T > chol + FL Porc <T>PpoPC Eq. 4

where FL’; and <t>; are the fraction of light emitted and the probe’s mean fluorescence
lifetime, respectively, in a Chol-rich |, (i = Chol) and POPC-rich fluid phase (i = POPC) taken
from the binary POPC/Chol mixtures. Using the fraction of light emitted from the Chol-rich
and POPC-rich (1-FL’ o) phases (Eq. 4) and the total fraction of light emitted from the C16-
GlcCer-poor phases (Eg. 3) it is then possible to calculate the fraction of light emitted from
the Chol- and POPC- rich phases in ternary POPC/Chol/C16-GlcCer mixtures, FL; using:

FL;= FL i (1- FLci6-GicCer) Eq.5

14



where i = Chol or POPC.
The K, between two phases, o and B, K, “Pis given by:

_Xa Xa

=IQ

K. Ao Do Eq. 6
T X a
where x; is the fraction of probe in phase i = o or 3, respectively.
The ratio of emitted light fraction from two phases, a and $, is given by:
FL X« Te
TF= % @ a7

Assuming equal molar absorption coefficients in both phases, where FL; is the fraction of
emitted light from the phase i, y; is the fraction of probe in phase i, and 7; is the probe
lifetime-weighted quantum yield in phase i (i = a and B).

Solving equation 6 for the ratio of the probe fraction in each phase (y, /xp), and replacing in
equation 7, the following equation is obtained:

Eq. 8

[<

FLO/ X
_ A/ Ad T«
Fly = K" %

T

The molar fraction ratio of each phase, a and B, (X/ Xp) is calculated from equation 8.

From the last equation the Xcis-ciccer/ Xpopc ratio 1S Calculated.

Knowing the Xcis-ciccer/ Xporc and Xcnot/Xpopc for the mixtures under study, the POPC-rich
phase fraction is obtained, since Xcis-ciccer + Xchol + Xporc = 1.

2. Determination of the tie-triangle boundaries

Taking into account the phase fractions of the experimental samples, the pure |, phase (taken
from the POPC/Chol binary phase diagram (3)) and pure gel phase (taken from the
POPC/GIcCer binary phase diagram (2)), it was possible to calculate the boundaries of the tie-
triangle using our previous established iterative method (1). To estimate the boundaries of the
tie-triangle, the phase fraction of each mixture were used (see Table 2) and the lever rule,
which is valid inside the tie-triangle, was applied based on the following considerations:
inside the tie-triangle the composition of each phase can be calculated by drawing a straight
line from each corner of the tie-triangle through each experimental point to its intersection
with the opposite side (i.e., to calculate the X4 of point a, a line is drawn from point F
through point a to its intersection with the opposite side, a’, the X4 is calculated by the ratio

between the distances aa’ and Fa' (see Figure S8)).

15



3. Determination of the l,/l4 phase boundaries

The limits of 1,/l4 phase coexistence were determined taking into account POPC/Chol and
POPC/C16-GlcCer binary systems and also the experimental points that corresponded to
mixtures displaying l,/l4 phase coexistence. The lever-rule is also applied to this region of the
phase diagram, and the the I,+l4 boundaries can be calculated, using the determined tie-lines.
To calculate the length and direction of the tie-lines, several thermodynamic considerations
were taken into account: 1) the tie-lines must connect the upper and lower boundary of 1,+l4
phase and simultaneously pass through the experimental points; ii) the ratio between the
distance of the lower boundary to a specific composition and the total length of the tie line
should correspond to the I, fraction of the sample; iii) due to thermodynamic restrictions tie
lines should never cross and should present a fanwise trend between the lateral boundaries of
the phase in question (see Fig S8, black lines in the l,+l4 phase) (4). Fig. S11 shows two
possible tie-lines in the I,+l4 phase. Quantitative determination of the phase fraction of the
studied mixtures using these two tie-lines retrieves similar values, suggesting that these tie-
lines correspond to the uncertainty associated to our method.

X

Chol

0.0, 1.0

0.0 XC16-GIcCer

0.4 0.6 0.8 1.0

Figure S11. Determination of the phase fractions and phase boundaries of
POPC/Chol/C16-GlcCer ternary phase diagram.

POPC/Chol/C16-GlcCer ternary phase diagram (pH 5.5). The tie-lines (black lines) in the
lo+lg4 phase, allowed the determination of the upper boundary of the I,+l4 phase.
Determination of the phase fractions inside the tie-triangle were performed as described in the

16



supporting text. The three lines exemplify the method used for the determination of the I4
(orange), |, (green) and gel (purple) phase fraction of the ternary mixture a.
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