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Table S1: Acquisition parameters for all FLIM measurements.
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Table S2: Fitting parameters for all FLIM measurements.

wu 00/-029 :Jusuodwod |

0S:0S 104D:0ddd MOpUIM
wu - :sjusuodwoo
029005 .u. d ¢ VZ1LUN wu Q¢ yoes ZHIN 08
‘ SIGY wu 00£-0%9 -Jusuoawos | 10} SUG'ZL-2'0
9d0d '0d0a ! wu 09-00G :sjusuodwod g
] ] wu 00/-029 :Jusuodwos |
05:051040-0ddd |, 029-006 :sjusuodwoo g MOPUIM WU 0Z
VZLUN ZHIN Ot
. . wu 00/-0%9 :Jusuodwod | yoes Jo} SU GZ-2°0
9d0d '0d0a 6V wu 0$9-006 :Ssusuodwod g
suolisodwoo pidj e sjuauodwod g VZLEN wnoads
3|0ym JaNo
suonisodwod pidj| ||e sjuauodwod g SZLYUN 10 WU 009-00S
WO SU Sp-z-0 sisAjeue -
suolisodwoo pidj e sjuauodwod g Jaddi4 abew M
sjoym | @
Jayem uj wu 00/-00G :Jusuodwod | 88y 4V
‘G 10U 16:0C 10UA: ‘(17012 10U wu 00/-029 Jusuodwoo |
0505 104D:0ddd 0505 104D:0d0Od 0¢:08 1040-0dOd | 029-00G :S1uBUOdWOoo Z . ZHIN 02
3d0Od ‘SdOd ‘01:06 104D:0d0d wu 00-0%9 Jusuodwod |
‘0d0d ‘“0d0d sueeV ‘0d0d SV ‘“0d0d SP9V ‘'0dvd | WU 049-00G sjusuodwod g MOpUIM WU 0g
) ) o ) wu 00/-009 :jusuodwod | yoes 104 SuU GH-2°0
06:0G 1040:0ddd 0S:0G 104D:0d0d | 009-00G :SIUBUOdWOO Z SZIaN
3d0Od ‘SdOd ‘02:08 104D:0d0d ‘01:06 10UD:0d0d Wwu 00/-029 usuodwod |
‘0d0d ‘“0d0d sueieV ‘0d0d SP6V ‘“0d0d SP9V '0dvd | WU 0Z9-00S siusuodwod g
suoiisodwod pidif jle |  wu 00Z-00G :siusuodwod g Jaddi4
sjuauodwod Kouanbauyy eale
JUBWIUOIIAUD aqo.id abueu Buyy
Buny Jo Jaquinu Jase| sisAjeue

S3



wu 00/-029 :Jusuodwod |

sdIA lle VZLUN
WU 029-006 :sjusuodwod g sisA|eue
’ <
WU 00/-029 :Jusuodwiod Mmopuim wu 0g =
sdIAlle 002-0¢9 g SCLYN | yoes 1oy su Gp-zZ'0 ZHNOC | ebewr |
Wwu 0Z9-00S :sjusuodwod g ojouMm
SdIA B | wu 00/-00S :Syusuodwod g Jaddil4
wu - Jusuodwod
sadA} |190 ||e 0027009 4 g VZLuN
wu 009-00G :sjusuodwoo ¢ siskjeue
’ (2]
Wwu 00/-009 :Sjusuodwoo mopuim wu 0oL 3
sedfy 100 e 0047009 ¢| sziuN | yoeesoysugpgo| ZHNOZ| ebeun | Z
wu 009-00G :sjusuodwod ¢ ojouM
sadA} 190 |le | wu 0o,-00G :Slusuodwod ¢ Jaddi|4
oseyd o7 wu 00/-009 :Jusuodwod |
wu - :sjusuodwod
009-005 : ; € VZLHN .Mu..
oseyd p wu 00/-009 :sjusuodwoo g ﬁ
wu 009-00G :sjusuodwod ¢ o
Wwu 00£-009 usuodwod | moptim tH 00} ZHIN 02 Homelss | g
aseyd 07 . q Uoes 1o} su G-2°0 1s8J93Ul m,
wu 009-00G :sjusuodwod g g
wu 00/-009 :Jusuodwoo | SclaN Jo uoibau -
aseyd p1 c
wu 009-00S :sjusuodwod ¢ s
aseyd o pue p1| wu0.-00S :Sjusuodwod g Jaddi4
sjusauodwod Aouanbauy eale
JUBWIUOIIAUD aqoud abues Buiy
Buny jo Jaquinu Jase|

sisAjeue

S4



Flipper

00

Flipper

1.001

©
3
a

o
I3
)

norm. Int. [a.u.]

0.254

0.00 A9cisDOPC

o] NR12S

o
Y

o

norm. Int. [a.u.]
a

0.254

470 490 510 530
wavelength [nm]

.0
470 490 510 530 550 570 590 610 630

NR12S

o
o
3
o

o
norm. Int. [a.u.]
o

A9cisDOPC

wavelength [nm]

15y
=}

0.254

o] NR12A

A9cisDOPC

0.0
470 490 510 530 550 570 590 610 630

wavelength [nm]

Figure S1: Chemical structures and excitation spectra of Flipper, NR12S and NR12A. A| Chemical
structures of Flipper, NR12S and NR12A. B| Excitation spectra of the three probes (1 uM) in

A9cisDOPC LUVs corrected for background signal. Line corresponds to the mean of three technical
replicates. Band corresponds to the standard deviation.
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Figure S2: Lifetimes of Flipper, NR12S and NR12A in different lipid environments. Spectral
fluorescence lifetime measurements of the probes in LUVs were carried out within 500-700 nm in
intervals of 20 nm. Multiexponential curve fitting was performed for the fluorescence decays (for details
see Material and Methods). Spectrally resolved intensity weighted lifetime of Flipper (left), NR12S
(middle) and NR12A (right) in different lipid environments investigating cholesterol content (above),
double bond position and configuration (middle) and headgroup geometry and charge (below). Line
corresponds to the median of individual biological replicates shown with different symbols (n=3). Band
corresponds to standard deviation.
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Figure S3: Chi-squared values of the multiexponential curve fitting of Flipper, NR12S and NR12A

in different lipid environments.
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Spectral fluorescence lifetime measurements of the probes in LUVs were carried out within 500-700 nm
in intervals of 20 nm. Multiexponential curve fitting was performed for the fluorescence decays (for
details see Material and Methods). x? values serve as indicator for the goodness of the fit and were
obtained for each 20 nm interval and are shown for Flipper (left), NR12S (middle) and NR12A (right) in
different lipid environments investigating cholesterol content (15t row), saturation index (2" row) double
bond position and configuration (3™ row) and headgroup geometry and charge (4" row). Line

corresponds to the median of individual biological replicates shown with different symbols (n=3).
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Figure S4: Influence of laser frequency on lifetime analysis. Spectral fluorescence lifetime
measurements of the probes in LUVs were carried out within 500-700 nm in intervals of 20 nm.
Multiexponential curve fitting was performed for the fluorescence decays (for details see Material and
Methods). The estimated lifetimes of multiexponential curve fitting and the goodness of the fit are
evaluated at different laser frequencies: 20, 40 and 80 MHz. A| Spectrally resolved intensity weighted
lifetime of NR12A in in A9cis DOPC (left, blue), POPC (middle, cyan) and DPPC:Chol 50:50 (right,
green) at different laser frequencies. The corresponding x? values serve as indicator for the goodness
of the fit and were obtained for each 20 nm interval and are shown below. The line and bar correspond

to the median and average, respectively, of two technical replicates. B| Fluorescence decays (grey) and
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their corresponding fit (green) of NR12S in DPPC:Chol 50:50 at 650 nm at different laser frequencies:
20 MHz (left), 40 MHz (middle) and 80 MHz (right). Corresponding residual counts in artificial units are

shown below.
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Figure S5: Phase selection and Chi-squared values of the multiexponential curve fitting of

Flipper, NR12S and NR12A in phase-separated GUVs. Lifetime measurements in phase-separated

GUVs were carried out at 500-600 nm or 600-700 nm emission. Multiexponential curve fitting was

performed for the fluorescence decays (for details see Material and Methods). A| Overview of manual

phase selection procedure in the LAS X software. Liquid disordered (Ld) and liquid-ordered (Lo) phase

were selected separately for each phase-separated GUV and each selection was used for lifetime

analysis at 500-600 nm and 600-700 nm. B| x? values serve as indicator for the goodness of the fit and
were obtained for Ld and Lo phase and are shown for Flipper (left), NR12S (middle) and NR12A (right)
at 500-600 nm and 600-700 nm. Different symbols correspond to GUVs of individual biological

replicates (n=3).
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Figure S6: Chi-squared values of the multiexponential curve fitting of Flipper, NR12S and NR12A
in different cell types. Lifetime measurements in NRK 52E, U20S and RBL cells were carried out at
500-600 nm or 600-700 nm emission. Multiexponential curve fitting was performed for the whole-image
fluorescence decays (for details see Material and Methods). x? values serve as indicator for the
goodness of the fit and were obtained for different cell types and are shown for Flipper (left), NR12S
(middle) and NR12A (right) at 500-600 nm and 600-700 nm. Different symbols correspond to images

of individual biological replicates (n=3).
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Figure S7: Chi-squared values of the multiexponential curve fitting of Flipper, NR12S and NR12A
in different VLP species. Spectral fluorescence lifetime measurements of the probes in SARS-CoV-2
n-VLPs, S-VLPs or delta-VLPs were carried out within 500-700 nm in intervals of 20 nm.
Multiexponential curve fitting was performed for the fluorescence decays (for details see Material and
Methods). x? values serve as indicator for the goodness of the fit and were obtained for each 20 nm
interval and are shown for Flipper (left), NR12S (middle) and NR12A (right) in different VLP species.

Line corresponds to the median of individual biological replicates shown with different symbols (n=2).
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