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1. Supplementary tables

Table S1. Atomic charges used for NBD-PS. Identically to the host lipid, acyl-chain CH, united

atoms (unnumbered in Fig. 1C) were modeled with zero charge.

Atom Charge  Atom Charge Atom Charge  Atom Charge  Atom Charge

N1 -0.28 08 -0.56 Cil5 0.16 C22 031 C44 0.92
C2 0.02 N9 -0.34 Cl6 0.24 C23 0.32 045 -0.61
C3 -0.08 C10 0.33 017 -051 024 -0.68 Ce5 0.70
C4 -0.02 Cll1 045 P18 121 C25 0.82 066 -0.73

C5 -0.22 012 -0.04 019 -0.78 026 -0.68 o067 -0.73
N6 081 N13 -0.25 020 -0.78 C42 0.25
o7  -0.60 H14  0.32 021 -0.49 043 -0.48

Table S2. Atomic charges used for NBD-PSH. Identically to the host lipid, acyl-chain CHy

united atoms (unnumbered in Fig. 1C) were modeled with zero charge.

Atom Charge Atom Charge Atom Charge  Atom Charge  Atom Charge
N1 0.20 08 -0.48 Ci5 -0.14 C22 031 C46 0.92
c2 -0.09 N9 -0.34 Cil6 0.36 C23 0.32 047 -0.61
c3 -0.10 Ci10 043 017 -0.50 024 -0.68 ce5 0.63
C4 0.10 Cll1 0.36 P18 1.16 C25 0.82 066 -0.50
C5 -0.29 012 0.04 019 -0.71 026 -0.68 067 -0.52
N6 0.80 N13 -0.31 020 -0.71 C44  0.25 H68 0.30
o7 -0.51 H14  0.07 021 -042 045 -0.48




Table S3. Calculated absorption data of NBD-C: in different solvents and main orbitals involved in the transition. Experimental data (Exp)
is taken from references for (NBD-Cs3) * and (NBD-C;) 2.

PCM-PBE0/6-  PCM-PBE0/6-  SMD-MO6/6- SMD-M06/6-
31+G(d) 311+G(d,p) 31+G(d) 311+G(d,p)
Solvent State A(m) f  A@m) f  A(m)  f  A(m) f Exp U lr:gi(t)io_n’sMO
4258 HOMO->LUMO (98%)
St 407 037 411 036 413 035 415 034 b
425 HOMO->L+1 (2%)
Cyclohexane a  HOMO->L+1 (97%)
S; 306 022 308 022 308 021 309 021 305 [ONETIIOTN
457%  HOMO->LUMO (97%)
retrahydrofuran S. 416 039 420 038 42 035 425 035 2, ouo7UNel
Ss 316 025 318 025 317 025 319 025 325 [ONCTIONO
a
et St 417 038 421 037 424 034 427 034 jgéb HoMoaLot oy
cetone
S; 318 026 320 026 320 026 32 026 332 [T,
478%  HOMO->LUMO (96%)
Dimethylsulohoxide St 420 041 424 040 425 035 429 035 ,o. LoudTUMEN
a HOMO->L+1 (96%)
S, 320 026 323 027 321 026 323 026 343 [oVOTD.
a 0,
- Si 417 038 421 038 425 039 428 039 o0 HoMOZLUMO (0%
ano
S, 319 026 321 027 326 026 328 026 331* [V
a 0,
et Si 417 038 420 037 425 039 420 039 oo Howo LUMO (S
Ss 319 026 321 027 328 026 330 026 348 [OMOLE(95%)

HOMO->LUMO (4%)

f: oscillator strength

(1) Fery-Forgues, S.; Fayet, J.-P.; Lopez, A. J. Photochem. Photobiol. A Chem. 1993, 70, 229.
(2) Uchiyama, S.; Santa, T.; Imai, K. J. Chem. Soc. Perkin Trans. 2 1999, 2525.



Table S4. Calculated emission data of NBD-C; in several solvents. Experimental data is taken from references for (NBD-C3) * and (NBD-
Ci) 2

PCM-PBEO/6- PCM-PBEOQ/6- SMD-M06/6- SMD-M06/6- Experimental
31+G(d) 311+G(d,p) 31+G(d) 311+G(d,p) P

Solvent A (nm) A (nm) A (nm) A (nm) A (nm)
4952
Cyclohexane 466 471 473 477 499P
5252
Tetrahydrofuran 484 489 495 499 516"
a
Acetone 489 495 501 505 ggib
: . 5452
Dimethylsulphoxide 491 496 504 508 530h
a
Ethanol 490 495 500 505 5532471}’
a
Water 491 497 503 508 gi?b

(1) Fery-Forgues, S.; Fayet, J.-P.; Lopez, A. J. Photochem. Photobiol. A Chem. 1993, 70, 229.
(2) Uchiyama, S.; Santa, T.; Imai, K. J. Chem. Soc. Perkin Trans. 2 1999, 2525.



Table S5. Dipole moments (1 /D) of NBD-C: in different solvents and in the gas phase, with different solvent models and different basis

sets.
PCM-B3LYP/6- SMD-B3LYP/6- PCM-PBE0/6-

Solvent 31+G(d) 31+G(d) PCM-PBEO/E-31+G(d) 311+G(d,p)

Hg He  Ap Hg He AL g He Ap Hg He Ap
Cyclohexane 1224 1438 214 1211 1433 222 1216 1430 214 1220 1434 213
Tetrahydrofuran ~ 14.47 1640 193 1406 1629 223 1434 1628 194 1440 1633 194
Acetone 1516 1696 1.80 1476 1689 212 1502 16.83 181 1508 1689 181
ge'methy'su'phox' 1540 1715 175 1487 1703 216 1525 17.01 176 1532 17.08 176
Ethanol 1522 1701 179 1591 1754 162 1508 16.88 180 1514 1694 180
Water 1547 1721 174 1634 1781 147 1533 17.07 175 1539 1714 175

B3LYP/6-31+G(d) PBEO/6-31+G(d) PBEO/6-311+G(d,p)
Gas phase

1027 1233 2.05 1023 1228 205 1026 1230 2.04

(1g) dipole moment of the ground state
(1e) dipole moment of the excited state

A= Hg - He



Table S6. Average molecular area (a) and bilayer thickness values for all simulated systems.

System a(phospholipid) ~ a(Chol)  Bilayer thickness

(nm?) (nm?) (nm)
DOPC 0.684+0.015  —— 3.70+£0.10
DOPC/NBD-PS 0673+£0.015 ~ —— 3.74£0.10
DOPC/NBD-PSH 0675+0.018  —— 3.74+0.19
DOPC/Chol 0.602+0.015 0.288+0.008  4.08+0.10

DOPC/Chol/NBD-PS 0.583+£0.015 0.285+0.007 417 +£0.12
DOPC/Chol/NBD-PSH  0.590 + 0.015 0.288 + 0.008 417+0.12




2. Supplementary figures

Figure S1. Plot of the orbitals mainly involved in the two lowest energy transitions of NBD-
Cz in solution.

Figure S2. Representation of the calculated ground and excited state dipole moment vectors
(labeled as pg and pe), as well as its vector difference (red arrow), for NBD-C2 in
cyclohexane (left) and water (right).
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Figure S3. Selected time-resolved emission spectra (TRES) of NBD-PS in DOPC LUVs at
pH 5, 20°C. TRES were generated from 0.01ns to 50ns in a logarithmic time-scale of 100
steps. The grey vertical line is positioned at the maxima of the first generated spectra and is
meant to be a guide for the eye. The dashed vertical line is the equivalent for NBD-PS in
DOPC at pH 7, 20°C (shown as Figure 7 in the main text). The dashed line is displayed to
illustrate the how, at pH 5, the first generated spectrum is already shifted to shorter

wavelengths compared to pH 7.
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Figure S4. Amplitude-averaged lifetime values calculated from the 3-exponential fits of the
lifetime decays of NBD-PS (T = 20°C) in DOPC and DOPC/Chol, at both pH 5 and pH 7. The

average lifetimes were
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Figure S5. Time evolution of the molecular areas (a) for the systems without Chol (A) and
with 20 mol% Chol (B).
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Figure S6: Time evolutions of the transverse position z of the fluorophore center of mass, for the 4 individual NBD-PS or NBD-PSH probes in
each system (from A to D: DOPC/NBD-PS, DOPC/NBD-PSH, DOPC/Chol/NBD-PS, DOPC/Chol/NBD-PSH).
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Figure S7. Final structures of all simulated systems. From A to F: DOPC, DOPC/NBD-PS,
DOPC/NBD-PSH, DOPC/Chol, DOPC/Chol/NBD-PS, DOPC/Chol/NBD-PSH.
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f B NBD-PS/DOPC B NBD-PSH/DOPC B NBD-PS/DOPC/Chol B NBD-PSH/DOPC/Chol

NH-H20 H20-N1 H20-N6 H20-07 H20-08 H20-N9 H20-012 H20-N13

Figure S8. H-bonding between the NBD NH (donors) and H20 O (acceptors) atoms (far left),
and between H,O (donors) and all NBD fluorophore nitrogen and oxygen atoms. For NBD atom
numbering, see Fig. 1D. f denotes the fraction of configurations for which H-bonds are formed
(relative to the maximal theoretical number).
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Figure S9. Fraction f(n = 0) of conformations for which no H-bonding is observed (magenta
line), as a function of the transverse location of the fluorophore centre of mass relative to the
bilayer midplane (z), for the (A) DOPC/NBD-PS, (B) DOPC/NBD-PSH, (C) DOPC/Chol/NBD-
PS, and (D) DOPC/Chol/NBD-PSH systems. The dotted blue line represents the average DOPC
phosphorus atom location in each system, while the black curve is the NBD mass distribution

profile p(z).
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Figure S10. Mass density profiles of host lipid, water and NBD fluorophore, simulated in the absence (I = 0) and presence (I = 150 mM) of
added NaCl, for the (A) DOPC/NBD-PS, (B) DOPC/NBD-PSH, (C) DOPC/Chol/NBD-PS, and (D) DOPC/Chol/NBD-PSH systems.
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