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1. Molecular Dynamics
1.1 Molecular structures and schemes

POPC POPA DPPA SAPA Cholesterol

Acyl chain s1 : ; Acyl chain s1

Acyl chain s2 : 3 Acyl chain s2 Rest of the cholesterol molecule

Figure S2. Schemes of molecules used in the studies with focus on individual atom names. The schemes present (A) PC and (B) PA headgroups of
used lipid molecules and (C) cholesterol molecule (hydrogen atoms in carbon rings were omitted for clarity).



1.2 More detailed tables

In main text a table is with properties of whole membrane system was presented. However, some of the parameters, such as membrane thickness or
area per lipid, can be calculated only for given lipid species. Furthermore, membrane thickness can be calculated based on other atoms such as C1 or
C2. Additionally, total time of simulations should also be provided (for all systems last 10 ns were used for parameter determination). All this data is
presented in table S1.

Tab S1. More detailed parameters determined in MD studies with distinction for individual lipid species in the membrane.

Membrane Lipid specie MTe-p MTcic1 MTca-c2 APL 2D diffusion Simulation
system [nm] [nm] [nm] [nm?] [um?/s] time [ns]
POPC - 378+0,04  339%0,03 3,16 £0,03 60,7 £1,4 7,69 + 0,56 100
POPA - 4,10 £ 0,04 3,75 0,03 3,52 £ 0,03 56,2+ 1,4 12,35 +0,12 33,53
DPPA - 464+002  429+0,02 4,05+ 0,02 428+12 1,57 £ 0,03 30
SAPA - 4,99 £ 0,03 3,75+ 0,03 3,52 +0,01 614+15 9,65 + 0,15 28,78

POPC/POPA Total 3,18 £0,08 3,06 £ 0,01 2,76 £ 0,01 37,12 +0,32 1,12 £ 0,01
8:2 POPC 3,92 +0,03 3,54 +£0,03 3,30 £ 0,03 61,0+1,4 10,3+0,2 30
POPA 3,93+0,03 3,54 +£0,03 3,31+0,03 63,6 £0,9 10,22 £ 0,14
POPC/DPPA Total 3,88 £ 0,04 3,51+0,04 3,28 +0,04 61,3+0,6 10,19 £ 0,06
8:2 POPC 3,99 + 0,03 3,61+0,04 3,38 £ 0,04 503+1/4 13,16 £0,13 30
DPPA 4,00 £ 0,03 3,60 + 0,03 3,37 £ 0,03 61,7+0,7 13,0x0,2
POPC/SAPA Total 3,98 £ 0,05 3,62 + 0,05 3,39 +0,05 59,1+1,1 13,8 +0,2
8:2 POPC 3,95+0,03 3,56 +0,03 3,33+0,03 62,0+1,3 10,7 £0,1 30
SAPA 3,95 +0,02 3,56 +0,03 3,33+0,02 64,4 +£0,5 11,1+0,1
Chol/POPA Total 3,94 £0,04 3,57 £0,04 3,34 £0,04 61,2+1.2 8,93 0,12
1:1 Chol 3,97 +£0,01 3,76 £0,01 3,50 £0,01 40,0+0,9 3,85+0,04 30
POPA 3,40 £ 0,02 3,28 £0,02 2,99 £0,02 39,0+0,4 3,80+0,04
Chol/DPPA Total 4,53 +£0,02 4,23 +£0,02 4,01 £ 0,02 453+0,4 3,85+ 0,06
1:1 Chol 4,04 £0,01 3,82 +£0,01 3,48 +0,01 38,2+0,7 2,83 +0,03 30
DPPA 3,43 +0,02 3,30 £0,02 3,00 0,02 37,2+0,3 2,85+ 0,05
Chol/SAPA Total 4,66 £ 0,02 4,37 £0,02 4,14 £ 0,02 416 £0,3 2,81 + 0,06
1:1 Chol 4,13 +£0,01 3,92 £0,01 3,67 £0,02 40,1+£11 2,40 £ 0,06 34,26
SAPA 3,52+0,02 3,40 £ 0,02 3,11 £0,02 39,0+0,5 2,34 £ 0,06
POPC/Chol Total 4,14 +0,02 3,84 £ 0,02 3,84 £ 0,02 449+23 2,85+ 0,02
7:3 POPC 4,53 +0,02 3,84 £0,02 3,84 +0,02 50,9 £0,4 2,70 £0,02 30,86
Chol 3,24 +0,03 3,84 £0,02 3,84 +0,02 37,7+0,6 3,19+0,04
POPC/Chol/POPA Total 4,08 £0,02 3,81+0,02 3,56 £ 0,02 41+£2 6,44 £ 0,08
5:3:2 POPC 4,53+0,03 4,16 £ 0,03 3,93 £0,02 50,1+0,5 7,25 +£0,12 30
Chol 3,27 £0,03 3,15+ 0,03 2,86 £ 0,03 39,1+0,5 5,16 £ 0,03
POPA 4,49 + 0,03 4,16 + 0,03 3,92 + 0,03 48 +1 6,78 = 0,09
POPC/Chol/DPPA Total 4,17 £0,02 3,89 +£0,02 3,64 +0,02 420+14 5,49 + 0,07
5:3:2 POPC 4,64 +0,03 4,27 +0,03 4,04 +0,03 48,1+0,5 6,10 + 0,13 30
Chol 3,32+0,03 3,19 +£0,03 2,90 £ 0,03 36,9+0,6 4,44 + 0,03
DPPA 4,59 +0,03 4,26 £ 0,03 4,04 £0,03 46,1+0,8 5,96 + 0,05
POPC/Chol/SAPA Total 4,12 £0,02 3,84 £ 0,02 3,59 £ 0,02 439+14 5,46 £ 0,07
5:3:2 POPC 4,57 +0,03 4,20+ 0,03 3,96 £ 0,03 50,9+0,7 6,38 £ 0,08 32
Chol 3,29 £ 0,03 3,17 £ 0,03 2,88 + 0,03 39,2+0,5 4,71 + 0,07
SAPA 4,57 +0,04 4,23 +0,04 3,99 + 0,04 48,4 +0,7 4,69 + 0,09

Abbreviations: MTe-p — membrane thickness determined for phosphorus atoms (C3 atoms for cholesterol); MTci-c1 — membrane thickness
determined for C1 carbon atoms (C2 atoms for cholesterol); MTcz-c2 — membrane thickness determined for C2 carbon atoms (C1 atoms for
cholesterol); APL — area per lipid.

1.3 Probe defects analysis

Below are presented more detailed information about defect analysis on investigated membrane systems. The evolution of fraction polar surface in
time is presented in Figure S.3 panel A. The average values and standard deviations are presented in panel B. Membrane defects fraction probed at
given probe radius equal to 0.25 nm is presented in panel C. Finally, bilayer defect fraction in function of increasing probe radius for single
component systems is presented in panel D.
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Figure S3. More detailed information regarding membrane defect analysis. In panel (A) evolution in time of polar fraction (1-Fexp) is presented for all
of investigated systems. In panel (B) average values and standard deviations of polar fraction are calculated and visualized. In panel (C) membrane
defects fraction probed with radius 0.25 nm are presented. In panel (D) change in bilayer defects fraction for single component systems is presented.

2. Langmuir Monolayer
2.1 Individual surface Pressure—Area (n—A) Isotherms

Below are presented individual surface pressure-area isotherms of investigated lipid monolayers. Monolayers formed from single lipids are presented
in figure S4 panels A-E. Additional isoform of POPC/Chol was presented in figure S4 panel F. Isotherms formed from POPC:PA lipid compositions
are presented in figure S5. Results for monolayers formed from Cholesterol:PA compositions are presented in figure S6. Isotherms formed from three
lipids are presented in figure S7.
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Figure S4. Individual monolayers surface pressure-area compression isotherms of single lipid compositions for (A) POPC, (B) POPA, (C) DPPA, (D)
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Figure S5. Individual monolayers surface pressure-area compression isotherms for (A) POPC:POPA, (B) POPC:DPPA, (C) POPC:SAPA of

POPC:PA (8:2) lipid compositions.
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Figure S6. Individual monolayers surface pressure-area compression isotherms for (A) Chol:POPA, (B) Chol:DPPA, (C) Chol:SAPA of Chol:PA
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Figure S7. Individual monolayers surface pressure-area compression isotherms for ). (A) POPC:Chol:POPA, (B) POPC:Chol:DPPA, (C)
POPC:Chol:SAPA of POPC:Cholesterol:PA (5:3:2) lipid compositions.

2.2 Statistical significance of APL
In table S.2 a statistical significance results is presented of APL measurements.

Tab S.2. Q-values for APL comparison using Tukey-test. Results statically significant are marked with green dot, while not significant with red dot.

APLTueresi o) | orc | pova | p0n | saon | coo PO s e cmlron oo con bl ol o ol
POPA @D 123

DPPA @ 29,3@ 180

SAPA @ 161Q 46/@ 124

Chol D 2040 1760 04|@ 121

POPC/POPA 8:2 @ 2930 184|D 1,0{@ 129/@ 14

POPC/DPPA 8:2 @ 63@ 57(@ 230/@ 98{@ 226/@ 232

POPC/SAPA 8:2 @ 187/@ 8o0|@ 78/ 36/@ 740 84|D 128

Chol/POPA 1:1 @ 253@ 1330 49/@ 79|/ 45/@ 58/@ 1850 36

Chol/DPPA 1:1 @ 212|/@ 90/@ 94|@ 38/ @ 0@ 101|{@ 144D 03@ 45

Chol/SAPA 1:1 @ 280@ 165/ 09/@ 112/ o5@ 1,8/ @ 214/@ 683D 39@ 82

POPC/Chol/POPAS5:3:2 |@ 1550 34|@ 1450 13/ @ 141/@ 1438)@ 90|/ 49 @ 97@ s54|/@ 131

POPC/Chol/DPPAS:3:2 |@ 31,7|@ 2090 44|@ 156/ 480 34/@ 2540 111@ 89@ 130@ 51/@ 176
POPC/Chol/sAPAS5:3:2 |@ 17,7|@ 57/@ 121|@ 08)/@ 1182 127/@ 111D 29@ 74/ 31/@ 109D 22/@ 155
POPC/Chal Q@ 176/@ 77/@ 66/ 37(@ 63/@ 73|/@ 122(@ 04@ 28D o7(@ s53/@ 49@ 98/@ 341

2.3 Excess free energy of mixing (AGEY)

Below are presented the visualization of mixing behaviour for investigated monolayer systems. Two component systems are presented in figures S7
and S8 panel (A). Visualization of all single-component systems is presented in figure S8 panel (B). Visualization of three-component systems is

presented in figure S9.
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Figure S8. Visualization of monolayers isotherms of (A) POPC, DPPA and POPC/DPPA (8:2) systems, (B) POPC, Chol and POPC/Chol (7:3)
systems, (C) Chol, POPA and Chol/POPA (1:1) systems.

(A)™ Chol (B) 991 S N
—— SAPA — POPA
40 Chol/SAPA| ~ 40L% J——SAPA
_ = — DPPA
£
% 654 £ 301 —— Chol
£ o ——POPC
% 20 u(?; 201
& D
% 10/
101
0+— T . . ; ; ' 40 60 80 100 120 140 160
40 60 80 100 120 140 160

Area per Lipid (A?) Area per Lipid (AZ)

Figure S9. Visualization of monolayers isotherms of (A) POPC, SAPA and Chol/SAPA (1:1) systems, (B) single component monolayers averaged
isotherms.
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Figure S10. Visualization of monolayers isotherms of (A) POPC/Chol (8:3), Chol/POPA (1:1) and POPC/Chol/POPA (5:3:2) systems, (B)

POPC/Chol (8:3), Chol/DPPA (1:1) and POPC/Chol/DPPA (5:3:2) systems, (A) POPC/Chol (8:3), Chol/SAPA (1:1) and POPC/Chol/SAPA (5:3:2)
systems.

3. Flicker Noise Spectroscopy

In figures S11-S17 detailed information for determination of bending rigidity coefficient of investigated systems was presented. In each figure a
panel A with results and error for individual measurements using both approaches — average-based and statistical — is presented. This is followed by
averaged values for both of those methods, respectively. Additionally, an example snapshot of investigated vesicle is presented in panel B. Finally, a



population of bending rigidity based on Kernel based approximation of density function is presented is presented in panel C. Do note two populations
of bending rigidity in the case of POPC/DPPA (figure S12), which could indicate inhomogeneous dispersion of lipids in the membrane.
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Fig S11. (A) Individual bending rigidity measurements for POPC/POPA with two approaches — averaged-based and statistical. In third quarter of the
plot average values are presented. (B) Example of recorded GUV. (C) Kernel density function based on bending rigidity values obtained from
statistical approach.
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Fig S12. (A) Individual bending rigidity measurements for POPC/DPPA with two approaches — averaged-based and statistical. In third quarter of the
plot average values are presented. (B) Example of recorded GUV. (C) Kernel density function based on bending rigidity values obtained from
statistical approach.
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Fig S13. (A) Individual bending rigidity measurements for POPC/SAPA with two approaches — averaged-based and statistical. In third quarter of the
plot average values are presented. (B) Example of recorded GUV. (C) Kernel density function based on bending rigidity values obtained from
statistical approach.
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Fig S14. (A) Individual bending rigidity measurements for POPC/Chol/POPA with two approaches — averaged-based and statistical. In third quarter
of the plot average values are presented. (B) Example of recorded GUV. (C) Kernel density function based on bending rigidity values obtained from
statistical approach.
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Fig S15. (A) Individual bending rigidity measurements for POPC/Chol/DPPA with two approaches — averaged-based and statistical. In third quarter
of the plot average values are presented. (B) Example of recorded GUV. (C) Kernel density function based on bending rigidity values obtained from
statistical approach.
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Fig S16. (A) Individual bending rigidity measurements for POPC/Chol/SAPA with two approaches — averaged-based and statistical. In third quarter
of the plot average values are presented. (B) Example of recorded GUV. (C) Kernel density function based on bending rigidity values obtained from
statistical approach.
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Fig S17. (A) Individual bending rigidity measurements for POPC/Chol with two approaches — averaged-based and statistical. In third quarter of the
plot average values are presented. (B) Example of recorded GUV. (C) Kernel density function based on bending rigidity values obtained from
statistical approach.



