Article

Supplementary Information

Alkanes as Membrane Regulators of the Response of
Early Membranes to Extreme Temperatures

Loreto Misuraca 2, Antonino Calio 3, Josephine G. LoRicco 3, Ingo Hoffmann 2, Roland Winter ¢,
Bruno Demé 2, Judith Peters 25*, and Philippe M. Oger 3*

P(q) = scale

(]

1 University Grenoble Alpes, CNRS, LIPhy, 38000 Grenoble, France;
misuraca.loreto@gmail.com

2 Institut Laue Langevin, F-38042 Grenoble CEDEX 9, France; hoffmann@ill.fr (L. H.);
demea@ill.fr (B.D.)

3 INSA Lyon, Université de Lyon, CNRS, UMR5240, Villeurbanne, France; antonino.ca-
lio@insa-lyon.fr (A.C.); josephineloricco@gmail.com (J.L.);

4 Fakultdt fiir Chemie und Chemische Biologie, Physikalische Chemie, Technische Uni-
versitdt Dortmund, 44227 Dortmund, Germany; roland.winter@tu-dortmund.de

5 Institut Universitaire de France, France

Correspondence: jpeters@ill.fr (J.P.); philippe.oger@insa-lyon.fr (P.O.)

1. SANS data analysis

Form factor models for SANS data analysis:
The following models (and combinations of them, when needed)
were used to fit the SANS data:

1.1. Unilamellar vesicle [1]

Vshell
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3Veore(Psolvent—Pshell) j1(qRcore) + 3Vtot(Pshell_Psolvent)j1(thot)]z + I (1)

qRcore qRtot

with @ the shell volume fraction, V the volumes of the core of shell
(Veore) Or the overall vesicle (V;,), R the radii of the core (R.y..) or the
entire vesicle (Ry,), 0 the neutron scattering length densities of solvent
(Psowent) and shell (pgpen), j1(x) = (sinx — cosx)/x? the spherical Bessel
function and C the flat background level.

The fitting parameters are therefore the following:

- @: determined from the sample preparation and always fixed;

- scale: as the curves are in absolute scale, if all samples having vol-
ume fraction @ contribute to the vesicle form factor, then scale = 1;

- background;

v

- Dsowent: calculated from p = and using tabulated values for

the neutron coherent scattering lengths bi of the atoms in the solvent
(buffer and D20), always fixed for the fittings;

- Pshen: same as for pgopent, calculated from the sample molecules
and always fixed;

- Reores
- bilayer thickness = Ryt — Reore;



- radius polydispersity, assuming a Lognormal distribution;
- thickness polydispersity, assuming a Gaussian distribution.

1.2. Multilayer vesicle (used for bilamellar vesicle populations)

P(q) = scale @ (Pshell=Psolvent) SN [3V(Ti) sin(qry)—qricos(gry) _ 3V(R;) Sin(qRi)—qRiCOS(qRi)]z +C ()

Vshell =1 (qr)3 (qRy)3

with ri the solvent radius before shell I, Ri the shell radius for shell i.
The fitting parameters are analogous as in the unilamellar vesicle model,
except that it is normalised for the vesicle volume fraction (core + shell)
and for the additional parameters:

- solvent thickness = ri - Ri-j;

- N: number of shells, fixed to 2 for the bilamellar vesicles.

1.3. Lamellar [2] (this model was used when the information about the vesicle
size could not be obtained)

scale

P(q) = 47rq4—6Ap2(1 —cosqd) +C 3)

where Ap? is the scattering length density difference, and § the
layer thickness. This model can be thought of as the limiting form of a
unilamellar vesicle model with infinitely large radius.

1.4. Sphere [1] (lipid droplet population)

. 2
scale 3V(Psolvent_Psphere)(Sm(qr)—qrcos(qr))
4 (qr)3

P(q) = +C @)

used to model spheres with uniform neutron scattering length den-
Sity pPspnere, Tadius r and volume V. Free fitting parameters:

- scale: sphere (droplet) volume fraction;

- r: sphere radius.

- radius polydispersity, assuming a Lognormal distribution;

Table S1 (at the end of this text) shows the parameters that have been
used for the SANS fit. In every case, the following additional parameters
were considered as constant and fixed:

1. Sample neutron scattering length density (NSLD): -0.04 x 106
A=

2. Solvent NSLD: 6.24 x 106 A2

3. Sample volume fraction: 0.0127

The NSLD values were calculated from the compound chemical for-
mula and the density using SASView (http://www.sasview.org/, version
4.2.2, accessed on 17 March 2022).

2. Neutron Spin Echo: in-situ DLS


http://www.sasview.org/

Figure S1 shows the intensity traces acquired during the in-situ DLS
measurements on IN15. The data give additional evidence about fusion
phenomena occurring at high temperature that cause a significant de-
crease in the amount of scatterers in solution (to which the intensity is
partially linked). We made sure that the intensity of the C10 mix sample,
although reduced at T =70 °C, was still significantly higher than the dark
counts.
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Figure S1. In-situ DLS Intensity traces averaged over the full measuring time at
each specific temperature for the three measured samples.

3. FTIR data analysis

Figure S2 shows the same data presented in Figure 6 (right) in the
main text, but on a wider v range to show the peak coexistence (and the
position of the second peak at veymm = 2861 cm™) observed at T = 20 °C at
the beginning and the end of the scan.
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Figure S2. Frequency vsymm as function of the time, following various temperature-
jumps for all the samples (similar to Figure 6 in the main text, but here showing
the position of the coexisting peak at vsymm = 2861 cm™).

4. Alkane viscosity

Figure S3 plots values of the dynamic viscosity of eicosane and
squalane as function of temperature, taken from the literature [3,4]. The
difference in the vesicle behavior in the low and the high temperature
ranges may be linked to the fluidity of the incorporated alkane molecules.
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Figure S3. Dynamic viscosity of eicosane and squalane as function of temperature.
Data taken from [3,4].



Table S1. Full list of SANS fit parameters. The values for the fractions (lamellar and sphere) are normal-
ized to the lipid volume fraction.

Sample C10 mix C10 mix + 2% h-eicosane C10 mix + 2% h-squalane
Temperature (°C) 20.5 39.7 60.1 78.7 20.5 39.7 60.1 78.7 20.5 39.7 60.1 78.7
La- La- La-
mellar ~ mellar  Spher spher mellar ir-ihlzl: la- spher +SIP; };ﬁj_ ilj_};(;l: la- spher
Fitting model (ULV  (ULV  e+la- P (ULV mel- P mel P
. . mellar e N mellar lar e lar mellar lar e
BLV)  BLV) pyy (UMY (ULV)  (ULV)
0.04 0.04
g-range ( ]_\'l) all all all all all all - all all all - all
0.57 0.57
Chjz/(Npts) 6.1 49 3.6 2 23 46.4 4.8 83.1 17.9 22.1 2.8 8.6
IL, 186.
amellar frac- 239.0 245.2 74+ B 869 + 176.8 0 3 4783 + 3589 50+ B
tion*10™ +0.8 +0.9 0.2 1 +0.2 0 g 0.6 +0.7 2
412 + 433 + 389 +
2 2 )
(ULV)  (ULV) (ULV)
Vesicle radius (A) ; ; - - ; 1119 * - - 39743 175 - -
154 + 164 + 157 +
6 6 )
(BLV)  (BLV) (BLV)
Membrane thick- 218+ 218+ 20 5 236+ 215+ 201 3 22+ 205+ 16+ ~
ness (A) 0.1 01  (fixed) 0.1 0.1 +0.1 0.1 0.1 1
Solvent thickness 115.8 130.3 __ B 69.8 + _ __ _ __ __ __ B
(for BLV) (A) £05 0.6 0.6
Sphere frac- B 3 850+ 588+ B 154.3 B 4248 4583+  156.1 B 278.1
tion*10™ 0.2 0.2 +0.2 +0.3 0.2 +0.2 +0.2
sphere radius (A) - - 768 * 430 * - 281 * - 420* 516 * 439 * - 425 *
0.19 0.18 0.30
(ULV)  (ULV) (ULV)
Vesicle radius PD ° ° - - o 0.62 - - 0.45 0.59 - -
0.54 0.48 0.67
(BLV)  (BLV) (BLV)
Sphere radius PD - - 1 1 - 1 - 1 0.13 0.70 - 1
Solvent thickness
PD (for BLV) 022 0.24 = = 1 = = = = = = =

ULV: Unilamellar Vesicle; BLV: Bilamellar Vesicle; PD: polidispersity index. * Since the Guinier regime
is not fully reached at low q for the dense sphere form factors, the radius values found from the fits are
not reliable and should be considered as minimum values instead.
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