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1 Supplementary Figures and Tables

1.1 Supplementary Tables

Supplementary Table S1. Root-mean square fluctuations (RMSF) calculated along classical MD
trajectories for the pigments in PC612 and PC645.

PC612 RMSF (&) PC645 RMSF (A)
DBVso615 0.96 DBVso615 0.76
DBVso61p 0.94 DB Vo610 0.84
PCBisss 0.93 PCBisss 0.87
PCBissp 1.03 PCBissp 0.85
PCBg2s 0.78 PCBg2s 0.80
PCBsap 0.91 PCBsap 0.78
PCBaoa 2.02 MBV 04 0.81

PCBaoc 1.30 MBVi9c 0.79
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Supplementary Table S2. Average MD-OPT and MD-BOMD site energies (cm™') computed along
the classical MD trajectories of PC612 and PC645.

PC612 MD-BOMD MD-OPT PC645 MD-BOMD MD-OPT
DBVso618 19812 20452 DBVso618 19614 20166
DBVso61p 20050 20598 DBVso61p 19674 20407
PCBisss 18290 18702 PCBisss 18134 18555
PCBissp 18331 18760 PCBissp 17924 18484
PCBs28 17817 18794 PCBs2s 17942 18657
PCBs2p 17932 18719 PCBs2p 17675 18196
PCB2oa 17964 18926 MBV oA 17497 18228
PCB2oc 18102 18876 MBV9c 17629 18175




Supplementary Table S3. Standard deviation (cm™') of MD-OPT and MD-BOMD site energies
computed along the classical MD trajectories of PC612 and PC645.

PC612 MD-BOMD MD-OPT PC645 MD-BOMD MD-OPT
DBVso618 429 259 DBVso618 441 243
DBVso61p 414 299 DBVso61p 308 315
PCBisss 370 258 PCBisss 531 305
PCBissp 412 305 PCBissp 397 294
PCBs2B 364 240 PCBs2B 606 419
PCBs2p 331 185 PCBs2p 459 241
PCB2oa 568 305 MBV9a 346 146

PCB2oc 455 352 MBVi9c 301 244
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Supplementary Table S4. Average MD-OPT and MD-BOMD electronic transition dipole moments

(Debye) computed along the classical MD trajectories of PC612 and PC645.

PC612 MD-BOMD MD-OPT PC645 MD-BOMD MD-OPT
DBVso618 12.9 13.1 DBVso618 13.1 13.2
DBVso61p 12.6 12.8 DBVso61p 13.0 13.1
PCBisss 13.5 14.0 PCBisss 14.1 14.3
PCBissp 13.8 14.0 PCBissp 14.2 14.4
PCBs2B 14.4 14.4 PCBs2B 14.2 14.3
PCBs2p 14.4 14.4 PCBs2p 14.5 14.7
PCB20a 13.6 13.6 MBV9a 14.6 14.5
PCB2oc 14.0 14.2 MBVi9c 14.3 14.5




1.2 Supplementary Figures

b
: D BV51/613 )

Supplementary Figure S1. Alignment of PC645 pigment structures in the crystal structure (black)
and optimized along the MD simulation (colors): a) DBVsis18, b) DBVsi/61p, ¢) PCBissg and d)
PCBissp.
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Supplementary Figure S2. Alignment of PC612 pigment structures in the crystal structure (black)
and optimized along the MD simulation (colors): a) DBVsis18, b) DBVsi/61p, ¢) PCBissg and d)
PCBissp.



Supplementary Figure S3. Alignment of PC612 pigment structures in the crystal structure (black)
and optimized along the MD simulation (colors): a) PCBs2g, b) PCBs2p, ¢) PCB2oa and d) PCBaoc.
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Supplementary Figure S4. Distribution of site energies for PC645 pigments computed from MD-

OPT and MD-BOMD calculations: a) DBVsi618, b) DBVsi61p, ¢) PCBissg and d) PCBissp.
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Supplementary Figure S5. Distribution of site energies for PC645 pigments computed from MD-
OPT and MD-BOMD calculations: a) PCBs2g, b) PCBs2p, ¢) MBVi9a and d) MBVioc.
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Supplementary Figure S6. Distribution of site energies for PC612 pigments computed from MD-

OPT and MD-BOMD calculations:
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Supplementary Figure S7. Distribution of site energies for PC612 pigments computed from MD-
OPT and MD-BOMD calculations: a) PCBs2B, b) PCBs2p, ¢) PCB2oa and d) PCBaoc.
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Supplementary Figure S8. Distribution of electronic transition dipole moments for PC645 pigments
computed from MD-OPT and MD-BOMD calculations: a) DBVsi618, b) DBVsi61p, ¢) PCBissg and
d) PCBissp.

a)

PCBg2s

0.175 4

0.150 4

0.125 4

0.100 4

Density

0.075 4

0.050 4

0.025 4

MD-OPT
MD-BOMD

0.000

135 14.0 14.5 15.0

Transition dipole moment (Debye)

12.5 13.0

MBV19a

15.5

0.200
0.175
0.150

5 01251

2 0.100 1

[

o
0.075
0.050 A

0.025 4

MD-OPT
MD-BOMD

0.000

T T
125 13.0

T T T T
14.0 145 15.0 15.5
Transition dipole moment (Debye)

T
135

T T
16.0 16.5

b)

0.20 1

0.15 4

Density

0.05

0.00

d)

0.25 1

0.20 1

Density

0.10 1

0.05

0.00

0.10 4

0.15 1

PCBg2p
MD-OPT
MD-BOMD
T T T T T T
13.0 135 14.0 145 15.0 15.5
Transition dipole moment (Debye)
MBVigc
MD-OPT
MD-BOMD
T T T T T T T
13.0 135 14.0 145 15.0 15.5 16.0

Transition dipole moment (Debye)

Supplementary Figure S9. Distribution of electronic transition dipole moments for PC645 pigments
computed from MD-OPT and MD-BOMD calculations: a) PCBs»g, b) PCBs2p, ¢) MBV 194 and d)
MBVioc.
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Supplementary Figure S10. Distribution of electronic transition dipole moments for PC612
pigments computed from MD-OPT and MD-BOMD calculations: a) DBVsy/618, b) DBVsis61p, ©)
PCBissg and d) PCBissp.
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Supplementary Figure S11. Distribution of electronic transition dipole moments for PC612
pigments computed from MD-OPT and MD-BOMD calculations: a) PCBs2, b) PCBsap, ¢) PCB2oa
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Supplementary Figure S12. Experimental' and simulated absorption (left) and circular dichroism
(right) spectra of a) PC612 and b) PC645 cryptophyte antenna complexes. Simulations are based on
energies and couplings computed from QM/MMPol TD-CAM-B3LYP/6-31G(d) calculations
performed on MD-OPT geometries using the EXAT or FCE codes to calculate the spectra. We applied
the following shifts to simulated spectra to fit the experimental bands: 2180 cm™! (EXAT PC612), 1540
cm! (FCE PC612), 2300 cm’! (EXAT PC645) and 2080 cm™ (FCE PC645). Static disorder was
modeled by applying a common ¢ = 100 cm’!.
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Supplementary Figure S13. Comparison of experimental'= and simulated absorption spectra of a)
PC612 and b) PC645 cryptophyte antenna complexes obtained including or neglecting electronic
couplings between bilin pigments. Simulations are based on QM/MMPol TD-CAM-B3LYP/6-31G(d)
calculations performed on MD-BOMD geometries using the EXAT or FCE codes to calculate the
spectra. We applied the following shifts to simulated spectra to fit the experimental bands
(couplings/no couplings values are indicated): 1600/1500 cm™' (EXAT PC612), 1000/980 cm™ (FCE
PC612), 1700/1640 cm! (EXAT PC645) and 1480/1500 cm™ (FCE PC645). Static disorder was
modeled by applying a common ¢ = 100 cm’!.
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Supplementary Figure S14. Experimental' and simulated absorption (left) and circular dichroism
(right) spectra of a) PC612 and b) PC645 cryptophyte antenna complexes. Simulations are based on
energies and couplings computed from QM/MMPol TD-CAM-B3LYP/6-31G(d) calculations
performed on MD-BOMD geometries using the EXAT or FCE codes to calculate the spectra. We
applied the following shifts to simulated spectra to fit the experimental bands: 1560 cm! (EXAT
PC612), 920 cm™ (FCE PC612), 1620 cm™ (EXAT PC645) and 1400 cm™ (FCE PC645). Static
disorder based on the MD-OPT o values reported for each bilin in Table S3.
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Supplementary Figure S15. Experimental' and simulated absorption (left) and circular dichroism
(right) spectra of a) PC612 and b) PC645 cryptophyte antenna complexes. Simulations are based on
energies and couplings computed from QM/MMPol TD-CAM-B3LYP/6-31G(d) calculations
performed on MD-OPT geometries using the EXAT or FCE codes to calculate the spectra. We applied
the following shifts to simulated spectra to fit the experimental bands: 2320 cm™! (EXAT PC612), 1660
cm’! (FCE PC612), 2260 cm™ (EXAT PC645) and 1980 cm™! (FCE PC645). Static disorder based on
the MD-OPT o values reported for each bilin in Table S3.
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Supplementary Figure S16. Experimental'= and simulated fluorescence spectra of a) PC612 and b)
PC645 cryptophyte antenna complexes. Simulations are based on energies and couplings computed
from QM/MMPol TD-CAM-B3LYP/6-31G(d) calculations performed on MD-BOMD (left) and MD-
OPT (right) geometries using the EXAT code to calculate the spectra. We applied the following shifts
to simulated spectra to fit the experimental bands: 1620 cm™ (PC612 MD-BOMD), 2480 cm™! (PC612
MD-OPT), 1740 cm™! (PC645 MD-BOMD) and 2100 cm™! (PC645 MD-OPT). Static disorder based
on the MD-OPT o values reported for each bilin in Table S3.
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