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Figure S1. The effect of a unit negative charge on the absorption maximum of the
protonated Schiff base as a function of the distance from the charge to the PSB reference

atom.

a) Reference atom: C4 b) Reference atom C5

150 150 -
©)
1004 ~ 100+
E
= (O]
e
? 50 50
0_ o- L] Ll Ll Ll Ll Ll Ll Ll
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
Angstrom

Angstrom

Reference atom C6 d) Reference atom C7

150 -
60
u
| ]
100+
£ 40
= IS
= [
= £
E=
50 1 &
204 "
04
L] L] L] L] L] L] L] L]
2 4 6 8 10 12 14 16 18 01
LI 1 M L] L | 1 L] L] 1

Angstrom 2 4 6 8 10 12
Angstrom



Shift (nm)

e) Reference atom C8 f) Reference atom C10
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g) Reference atom C11 h) Reference atom C12
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k) Reference atom C15 k) Reference atom N16
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Table S1

11-cis PSB Distance from the chromophore (Angstrom)

Positive charge 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Reference |C4 | -108.3| -84.5| -61.4 -44.6 -31.2| -23.2| -154| -10.3 -8.1 -5.9 -5.6 -3.8 2.2 -0.8 -0.2 0.4

atoms C5 | -119.7] -86.0 -60.7| -41.5 -27.5 -23.6, -19.9 -14.8/ -11.3 -7.9 -7.1 -5.5 -4.0 -2.7 -0.3 -1.6
Cé6 | -115.2] -85.5| -59.1 -37.9 -21.4 -224 -18.7 -14.6| -11.1 -7.9 -7.0 -5.5 -4.2 -3.0 -2.5 -1.9
C7 | -112.4] -88.5| -54.6/ -32.8/ -20.2 -18.9 -16.1) -11.5 -8.7 -6.4 -5.7 -4.4 -3.3 -2.3 -1.7 -1.4
C8 -70.5| -46.2| -31.4/ -20.4) -14.6 -9.7 -6.9 -5.4 -4.6 -3.3 -3.2 -2.3 -1.6 -1.0 -0.7 -0.5
C9 -17.3| -11.7] -10.0 -6.8 -3.4 -3.1 -2.2 -2.1 -2.2 -1.8 -1.6 -1.3 -1.1 -0.9 -0.9 -0.8
C10 36.7) 28.00 194/ 16.2 10.7)  10.6 7.3 4.7 4.2 3.5 2.8 2.1 1.6 1.1 0.9 0.7
Cl11 85.4 60.5| 414 294 220 16.7] 133 9.8 7.7 4.7 4.0 3.8 2.8 1.9 1.5 1.1
C12| 102.7] 80.1 58.8/ 42,5/ 31.3] 238 18.6/ 15.2 10.7 9.1 6.3 5.6 4.1 2.8 2.2 1.6
C13 95.2/ 89.1 64.7 473 343 271 215 179 12.7 9.3 8.4 6.5 4.9 3.4 2.8 2.1
Cl4 88.3) 80.8) 64.7 532 421 318/ 259/ 20.1 16.4| 134 9.4 7.3 5.4 3.7 3.0 2.3
C15 76.7 70.8/ 59.4| 52,6, 41.7 329 28,6, 21.6 184  15.1 9.9 7.8 6.0 4.3 3.7 2.9
N16 71.3] 63.00 54,5 504 318/ 32.1] 284 236 19.9 15.3] 10.6 8.6 6.8 5.3 4.6 3.9




Table S2

11-cis PSB Distance from the chromophore (Angstrom)

Negative charge 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Reference |C4 127.4) 100.7, 71.0f 51.5| 33.5| 22.1 16.2 10.4 8.8 6.2 4.0 3.2 1.3 0.3 -0.8 1.4

atoms C5 1349, 96.5| 64.3] 428 29.6/ 237 18.7] 13.2 9.3 7.1 5.2 5.1 2.5 1.4 0.4 1.6
C6 127.2) 82.5] 55.6/ 36.3] 26.00 21.6/ 17.7] 12.7 8.7 7.0 5.5 4.8 2.9 2.1 1.3 1.6
C7 55.7  53.5| 40.3] 294 221 17.7| 15.5 9.9 6.9 5.8 4.7 3.2 2.7 2.2 1.7 1.4
C8 26.4) 227 18.1 13.3 11.5 9.5 7.1 5.6 4.1 3.7 3.1 1.5 1.8 1.7 1.6 1.1
C9 -13.8 -0.7 1.0 1.4 2.1 3.2 3.1 0.5 0.6 0.8 0.7 -0.4 0.4 0.7 1.0 0.7
C10| -27.7| -24.5 -18.5| -134 -9.8 -7.9 -6.5 -4.7 -3.4 -2.5 2.2 -2.3 -1.5 -0.7 0.0 0.2
Cl1| -61.5] -43.2| -33.3] -24.5 -18.7| -15.6| -12.6 -9.6 -7.5 -6.1 -5.3 -4.3 -3.5 24 -1.3 -0.5
C12| -80.2] -63.3| -46.4| -38.1f -28.9 -22.6/ -18.0, -13.9] -114 -9.4 -8.1 -6.2 -5.5 -4.1 -2.7 -1.3
C13| -111.7] -78.9 -57.4 -449 -32.8 -25.8/ -20.8 -17.4| -14.7| -12.4| -10.5 -8.0 -7.2 -5.7 -4.1 2.2
Cl14| -124.2) -93.2] -68.4/ -51.00 -39.9 -30.8 -22.5 -20.0f -17.3| -14.6] -12.2 -9.6 -8.5 -6.9 -5.3 -3.2
C15| -138.4| -100.7| -74.8/ -55.5 -41.9 -34.1} -22.5 -21.7, -18.8 -15.9] -129| -11.1 9.1 -7.6 -6.0 -4.2
N16| -134.2| -98.7| -74.3) -57.4| -45.0/ -35.0, -28.6| -22.7| -19.2| -16.1| -12.6] -12.3 9.1 -7.7 -6.3 -5.3




Table S3

all-trans PSB

Distance from the chromophore (Angstrom)

Positive charge 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Reference |C4 -95.5| -75.5 -57.4/ -44.0 -349 -269 -21.0/ -16.5 -10.8 -7.8 -6.1 -4.5 -3.2 -1.9 -1.5 -0.9
atoms C5 | -105.5] -79.7] -58.5 -43.1] -32.7 -24.6] -18.3 -15.1 -9.4 -7.6 -6.0 -4.5 -3.2 -2.0 -1.5 -1.0
c6 | -103.1 -76.3] -53.6, -39.1] -28.00 -21.1 -15.2) -12.3 -7.5 -7.3 -6.2 -4.6 -3.2 -2.0 -1.4 -0.9
Cc7 -89.3| -64.2 -42.4| -31.0 -21.5] -16.3, -11.6 -8.7 -6.5 -5.4 -4.7 -3.4 -2.3 -1.4 -0.9 -0.7
C8 -60.8) -39.8 -23.5| -16.6/ -11.8 -8.0 -5.9 -4.5 -3.7 -3.1 -2.7 -2.1 -1.5 -1.0 -0.8 -0.6
C9 -23.7 -13.1 -5.7 -3.1 -2.4 -0.1 -0.5 -1.0 -0.6 -1.7 -0.7 -0.1 0.1 0.0 0.0 0.0
C10 19.7) 169 14.6] 11.0 8.2 7.8 5.3 3.2 2.3 2.6 2.1 1.7 1.3 1.0 0.8 0.7
C11 55.5| 43,5 333 247 17.5 151 10.3 7.3 4.8 4.7 3.8 2.9 2.2 1.5 1.1 0.9
C12 80.4/ 61.3] 453 33.5 241 20.0f 14.0 10.2 6.7 6.5 5.1 4.0 3.0 2.1 1.5 1.3
C13| 101.2) 76.1] 55.5 41.2] 303 236 17.1 12.7 8.3 7.6 6.2 4.9 3.9 2.9 2.5 2.1
Ci14| 107.0, 80.3] 58.5 43.6] 328 259 194 1438 9.6 8.2 6.9 5.7 4.7 3.9 3.4 3.1
Cci15, 88.00 67.3] 50.7 39.3] 33.7 26.6/ 20.8 164 104 8.3 7.1 6.1 5.1 4.3 3.9 3.6
Ni16, 804 62.0f 473 37.00 32.8 257 213 17.3] 10.7 8.1 6.9 5.9 5.0 4.2 3.8 3.5




Table S4

all-trans PSB

Distance from the chromophore (Angstrom)

Negative charge 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Reference |C4 105.1) 73.0f 49.0 38.3] 26.6 21.6/ 17.0 9.2 9.0 5.2 5.9 4.8 3.8 3.0 2.5 2.2
atoms C5 100.3) 70.4] 51.1 354 28.2) 234 17.1] 127 8.9 6.7 5.4 4.4 3.6 2.8 2.5 2.2
C6 78.0f 58.0, 39.00 28.8 224 190 134 8.8 7.5 5.0 4.8 4.0 3.3 2.7 2.4 2.2
Cc7 53.3 37.7) 21.2) 17.7| 15.3] 13.5 9.2 5.7 4.9 3.1 3.5 3.0 2.5 2.1 2.0 1.8
C8 304 23.2] 16.3 8.8 7.4 6.3 4.5 2.4 2.2 1.0 1.6 1.4 1.3 1.1 1.0 1.0
c9 4.8 -3.5 -2.2 -3.6 -0.9 0.6 -0.3 -1.0 -0.7 -1.0 -1.1 -1.0 -0.9 -0.9 -0.8 -0.8
c10| -28.0, -19.7 -15.7) -12.7 -9.5 -6.0 -5.3 -4.7 -3.6 -3.2 -2.7 -2.2 -1.8 -1.4 -1.2 -1.1
C11| -445 -35.8] -26.7 -21.0/ -16.6/ -12.5 -9.8 -7.1 -6.6 -4.7 -3.8 -3.0 -2.2 -1.6 -1.2 -1.0
ci12, -70.6, -52.7] -38.0, -29.6/ -234 -17.9] -13.9 -10.1 -8.0 -6.5 -5.1 -3.9 -2.9 -2.0 -1.5 -1.2
ci13| -95.0, -67.1] -489 -37.7] -29.5 -23.0) -17.5 -13.9 -10.4 -8.5 -6.7 -5.2 -3.9 -2.7 -2.0 -1.7
C14| -110.8) -78.5] -56.6 -43.1] -33.4 -26.00 -20.3 -15.3] -13.3 -94 -7.4 -5.6 -4.1 -2.8 -2.1 -1.6
C15| -119.7| -86.1] -62.1| -46.4| -35.9 -279 -22.2| -171] -15.1] -10.3 -8.1 -6.3 -4.7 -3.2 -2.4 -1.9
Ni6| -117.2 -83.7| -62.3| -46.3| -35.7 -28.7 -229| -18.3] -15.0f -10.7 -8.6 -6.7 -5.1 -3.7 -3.1 -2.4




Table S5

11-cis, N16 C12 C8 C4
dipole
v, degrees 3.5A45A55A 65A |35A 45A 55A |65A 35A 45A 55A 65A 35A 45A |55A [65A
0 17 -0.8 01 -0.8 -49  -43 29  -24/ -13.7 95 -70 -52| -52| -14 -06 -0.3
30 7.5 5.0 2.3 1.2, -03 -1.2/ -04  -03 -151  -88  -7.3] -50 -12.00 -74] -52/ -2.8
60 11.9 7.2 4.5 2.3 4.6 2.7 2.4 16, -136 -86  -56 -38 -17.5 -104  -6.9  -52
90 124/ 7.3 5.2 3.1 8.6 6.5 5.6 3.5 -10.3] 5.1 28 -17 -17.2 -11.1] -81  -52
120 8.5 6.0 3.7 21 101 7.6 5.8 3.6/ -1.6 1.4 -0.1 0.1 -11.3] -7.7, -63  -49
150, 2.8/ 1.6 0.9 1.3 7.6 6.9 4.6 3.3 8.0 4.3 4.1 33| 42 -38 40 -27
180/ -4.3] -28  -3.0 -19 5.4 3.2 2.1 1.8 13.0 7.6 5.1 3.5 2.5 1.6 0.6/ -0.2
210, 9.4/ -56  -47 -39 21  -04  -0.7 -05 149 9.2 5.9 3.7 115 5.3 3.2 1.4
240 -13.2| 9.0, -50 -39 -71 57 -39  -3.0 135 6.6 5.3 2.8 16.5 10.0 5.7 3.8
270/ -13.9 9.2 -48  -34 -114  -86 -7.00 -49 7.5 4.1 1.4 04 165  10.1 6.6 5.0
300, -8.7 -80  -48 -32 -127 -90  -75 -55  -0.3] -1.8 -1.1 -2.0  11.2 8.7 5.4 3.7
330 -45 -36 -2.7 -20 -98 -76/ -53  -47  -78 69 55 -46 2.9 3.7 2.2 2.2
360, 1.3] 1.3 05 -0.8 -48 -31  -2.8 -24/ -131 94/ -69 -52| -46  -21] -1.2 -03




Table S6

all-trans, N16 C12 C8 C4

dipole

v, degrees 3.5A45A55A 65A |35A 45A 55A |65A 35A 45A 55A 65A 35A 45A |55A [65A
0 29 17 13| -04/ -49 -45 25 23 -89 -60 -34 -26 5.0 19 -03  -0.2
300 4.7 3.2 2.2 2.9 0.1 -12 -1.1 01 98 -55 -41  -28 -24/ 25 24 -19
60 7.2 3.9 2.5 1.4 3.4 3.4 3.6 24/ 92 -49 33 -27 -68 51 -34  -19
90, 5.7 3.6 2.3 1.2 7.6 5.9 4.6 35 3.7 34 25 -12 -108  -70 -41  -26
120 3.6/ 2.6 0.9 0.9 8.5 8.0 4.6 2.8 0.7 2.0 1.0 0.5 -103 -7.2| -35 2.4
150, 0.5 -0.7/ -0.6/ -0.4 8.1 5.1 3.6 1.7 4.4 3.5 3.3 2.7/ -10.00 -6.0f -2.5 -15
180/ -2.5/ -1.1  -1.1  -05 4.8 2.1 0.5 0.5 8.0 6.0 3.6 2.7 -50 -26/ 20 -0.2
210, -5.1 -41  -24/ -18 30 -19  -0.8) -04/ 103 5.8 3.2 3.0 2.7 2.4 1.7 0.8
240 -8.3] -55  -34  -18  -67  -45  -26/ -15 7.0 4.4 1.4 2.0 7.9 5.5 3.0 2.0
270, -8.3] -6.1  -33  -1.2 -10.8 -66  -4.0 -2.0 3.8 0.9 1.5 02 108 7.6 4.1 2.5
300, -3.7, -3.7  -29 -25 -11.3 -65 -47  -3.0 00 -23 21 -06 9.8 5.9 3.4 2.3
330 -0.5 -15  -2.0 -16/ -86/ -57  -44/ -2.7 33 37 26 27 8.3 2.7 2.3 2.1
360, 2.7] 2.7 0.8 02 -39 -41, 26 -11] -76 63 -37 22 3.5 1.1 03 -04




The verification of the 'cylindrical symmetry' assumption.

To confirm that the impact of a charged/polar residue to Amax depends only on its
charge/dipole moment and its distance to/orientation along the chromophore axis but not a
radial angle, we performed the following set of calculations.

We placed a unit negative charge at 4 A from the C4 atom of the PSB, and calculated the
corresponding AAmax (0°). Then we rotated the charge around the PSB axis, keeping the
distance from the C4 atom fixed, and calculated the Akmax values for radial angles 60°,
120°, 180°. Then we calculated the corresponding differences: AAimax (60°) = AAmax (60°)
- Ahmax (0°); AAAmax (120°) = AAmax (120°) - Akmax (0°); AAAmax (180°) = AAmax (180°)
- Admax (0°). The same set of calculations was performed for the C6, C10, N16 reference
atoms. The results are presented in Table S7.

Table S7.
AAlmax// Ref. atom |C4 C6 C10 N16
AANmax (60°) 3.6 nm 1.8 nm 0.0 nm 0.0 nm
AAlmax (120°) 3.5nm -0.5 nm 0.0 nm 0.0 nm
AAMmax (180°) 2.5nm 1.3 nm 0.0 nm 0.0 nm




