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Figure S1 Experimental setup on beamline ID30A-3 of the ESRF. The crystal is maintained under

the wet flux of an HC1 humidity controller (top) and is illuminated with a 470 nm LED (right).



Supporting information, sup-2

IUCrJ (2020). 7, doi:10.1107/S2052252520007411

~
S
St

(=3 (=3
o o
© ©o
of . (%]
o o ‘e ffs (o) I
K3 8 s (%]
Y o o
(=3 (=3
2 g 2 g n |
c c P
o L o —
M- %
c c
g o e
[} 2]
3 &
o o
43 33
(=3 (=3
=3 FO
™ ™
=3 o
T T T wn T T T T T ' T T T T T
%) o 0 N n * M N = o = o o¥N =) © < o [
o o S © © © © 8 © © © o bl = (= =] =
1 [ 1 ] = o o o 4
[-] @2ueqsosqy [-] @2ueqaosqy ] @duequo

Time [s]



IUCrJ (2020). 7, doi:10.1107/S2052252520007411 Supporting information, sup-3

(b)

0.12 0.124
== 0.10 0.10
—
§ 0.08 0.08 1
© 0.06
£ 0.06
g 0.04 -
0.04 1
-] 0.02 |
<
0.02 |
0.00
0.00 -0.02
0.10 0.10 1
T 0.08 0.08 -
S
2 0.06 0.06 -
©
2 004 0.04
2
£ 0.02 0.021
<
0.00
0.00
T=3.185s
: , , , , -0.02{ | , , , , , . ,
0 5 10 15 20 00 25 50 75 100 125 150 175
Time [s] Time [s]
0.12 0.12
— 0.101 0.10
—
g 0.08; 0.08
s
0.06
o 0.06 -
o
0.04
8 0.041
< 0.02
0.02 |
0.00
0.00
-0.02
0.12
1.2
0.10 | .
- 1.0
— 0.08 1
g 0.8
€ 0.06 '
3 °
0.6
[ 4
5 0.04
8 0.4
< 002 .
0.00 0.2 ¢
-0.02

Q0 05 10 15 20 25 30 35
Power absorbed by the crystal [uW]




IUCrJ (2020). 7, doi:10.1107/S2052252520007411 Supporting information, sup-4

Figure S2 Power titration of the speed of light state build-up in A7Phot2LOV2 crystals. (a) From top
to bottom: time series s(t) of UV-vis spectra of an AfPhot2LOV2 crystal recorded at the icOS Lab under
illumination of a 470 nm LED with a nominal power of 5.0 mW, corresponding to an absorbed dose of
3.2 uW; time series [s(t) —s(t=0)] of difference spectra removing the contribution of the LED; evolution
of the 390 nm peak, which is characteristic of light state build-up, modelled as a mono-exponential rise
a+b*exp(-t/t), which approximates the linear rise reaching a plateau after ~2 times t. (b) From left to
right, top to bottom: evolution of the 390 nm peak for crystals under illumination of a 470 nm LED with
an increasing nominal power of 0.1 to 3.0 mW. Bottom right panel: the 1/t vs. light power plot shows
that the rate of light state build-up in crystals is linearly dependent on the number of photons per time

unit.
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Figure S3 Reorientation and displacement of Leu456 triggered by the change in orientation of
Phe470. The minor light state conformer D of Phe470 is orientated such that it forms a close van der

Waals interaction with the side chain atoms of Leu456.
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Figure S4 Ca to Ca distance plot between the dark and the light state structures. The plot highlights
the magnitude of displacement of the various regions of the protein, and in particular of key residues

(in colour).
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Video 81 Propagation of light state build-up in an 4/Phot2LOV2 crystal upon LED irradiation
coming from the top-right corner. The dark state absorbs between 400 and 490 nm and is thus
fluorescent upon 470 nm excitation. The light state absorbs significantly between 350 and 450 nm, and

is thus not fluorescent upon 470 nm excitation.

Video S2 Molecular movie of light state build-up in AfPhot2LOV2 crystals with a 63 ms time
resolution (view 1). Time evolution from 0 to 4158 ms of the 2Fps — Feae €lectron density map
(contoured at a 1.2 o level) showing the covalent bond formation between Cys426 and the FMN,
disordering of the GIn489 side chain and displacement of the Phe470 side chain. The speed of the movie
has been halved for visualization comfort (126 ms/frame). The dark state frame is paused for 800 ms to

indicate clearly the start of the movie.

Video S83. Molecular movie of light state build-up in 4Phot2LOV2 crystals with a 63 ms time
resolution (view 2). Time evolution from 0 to 4158 ms of the 2Fus — Feae €lectron density map
(contoured at a 0.7 o level) showing the translation of Ile403 upon progressive disappearance of the B
conformation of Cys426. The speed of the movie has been halved for visualization comfort (126

ms/frame). The dark state frame is paused for 800 ms to indicate clearly the start of the movie.



IUCrJ (2020). 7, doi:10.1107/S2052252520007411

Supporting information, sup-7

Table S1 Data reduction and refinement statistics for all 67 data sets.

Integr. . Cell Cell Bond Bond

Time | Time sub Retained Distance para param | Resolution Unique . Completeness length angle
point | [ms] data su:et::ta cutoff meter | eterc range [A] reflections CCarz <l/o(l)> | Multiplicity Reim [%] Ryt [%] | Ree [%] rmosd rmsd

sets a[Al] [A] [A] [’]

0 <0 32 5 0.43 40.83 | 133.64 ?;2575222200) 6273 (622) (gggi) (11490) 87.3(93.9) (82571) 100.0 (100.0) égg) (5?33) 0.002 0.55

1 63 50 26 0.39 40.73 | 133.28 ?;:5322:55) 4613 (500) (gggg) (g:g) 12.6 (13.0) (g;g;) 100.0 (100.0) égi) (0.2371"7‘6) 0.003 0.65

2 126 52 38 0.41 40.77 | 133.45 ?;:522555) 4370 (478) (8?;;) (g:;) 18.4(19.1) (g;i;) 100.0 (100.0) (()22927? (ggz) 0.003 0.65

3 189 50 29 0.40 40.73 | 133.34 ?2067032255(;.) 4365 (474) (8332) (g:;) 14.0 (14.4) (gi';’;) 100.0 (100.0) (3?;.'2) é:g) 0.003 0.65
4 252 48 39 0.45 40.77 | 133.38 ?20772722665) 3895 (461) (83;;) (g:; 19.0(19.9) (g;;;) 100.0 (100.0) égz) égi) 0.003 0.65
5 315 47 28 0.40 40.76 | 133.43 (3’»28;3(?2255(;)) 4369 (480) (gggi) (2:2) 13.6 (14.1) (giii) 100.0 (100.0) égg) (222'2) 0.003 0.65

6 378 44 27 0.45 40.76 | 133.48 ?246469225555) 4128 (471) (83;3) é:é) 13.1(13.7) (g;ig) 100.0 (100.0) éi;) (;Z;) 0.003 0.65
7 441 44 33 0.50 40.79 | 133.42 ?;:5722:55) 4639 (507) (83(6)(5)) (i:;) 16.0 (16.8) ((1)%1;) 100.0 (100.0) (ii'?) (ggg) 0.003 0.65
8 504 42 33 0.52 40.74 | 133.16 ?;535922:55) 4620 (502) (835{:) (i:;) 16.0 (16.5) (gégg) 100.0 (100.0) (3?:..62) égg) 0.003 0.65
9 567 40 33 0.52 40.78 | 133.38 ?2077:226655) 3708 (465) (832(9)) (3:471) 15.9 (16.6) (8;1322) 100.0 (100.0) (;L.'g) (?21;) 0.003 0.65
10 630 41 36 0.51 40.80 | 133.46 ?2970;226655) 3707 (461) (8352) (i:g) 17.5 (18.5) (2(1)3) 100.0 (100.0) é;:% égg) 0.003 0.65
11 693 42 29 0.44 40.79 | 133.38 ?2990(3227755) 3320 (465) (g:;) (§:(2)) 13.9 (14.5) (852) 99.9 (100.0) (2271.'35) éi;) 0.003 0.65
12 756 44 26 0.44 40.78 | 133.35 ?2990(3227755) 3320 (465) (8332) (2:2) 12.6 (13.1) (ggi) 99.9 (99.9) (g(Z)(l)) éi;) 0.003 0.65
13 819 45 43 0.56 40.84 | 133.41 ?;:5722:55) 4642 (498) (ggig) (Z:g) 41.8 (43.2) ((2)_3,:?) 100.0 (100.0) (42133) (iig) 0.003 0.65
14 882 44 38 0.50 40.82 | 133.32 ?;;;2277(;.) 3518 (433) (83??) (‘1‘:2) 18.3(19.1) ((1)(1)?3) 100.0 (100.0) éii) égg) 0.003 0.65
15 945 42 34 0.53 40.81 | 133.36 ?20.;;801__22.'7755) 3310 (469) (8322) (gzg) 16.5(17.2) (gigg) 100.0 (100.0) éig) (421;3) 0.003 0.65
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TirT1e Time lnstStg)r' Z{S:Jag;: Distance pacrjlriwe paf:r:et Resoluti?n Uniq.ue CCin <loll)> Mu.ltipli Rom Completeness Reryst Rfree Iz:;tdh S:gnl(:

point | [ms] t::: cots cutoff tera [A] erc [A] range [A] reflections city [%] [%] [%] rmsd [A] | rmsd [7]
16 1008 42 35 0.53 40.84 133.36 ?249%5227755) (3436288) (8222) 5.5(2.1) (1?:) (8%8) 100.0 (100.0) égg) é:;) 0.003 0.65
17 1071 43 36 0.60 40.85 133.28 ?249%3227755) (343637?; (gzii) 5.1(2.1) é;g) (8;;:) 100.0 (100.0) éiz) égi) 0.003 0.65
18 1134 41 31 0.53 40.80 133.18 ?209800227755) (3436261) (gzii) 5.3(2.3) (145‘2) (85?) 100.0 (100.0) éig) égg) 0.003 0.65
19 1197 46 34 0.55 40.87 133.31 ?247[;4226655) ?4762;; (ggig) 4.6 (1.4) (133) 8;82 100.0 (100.0) é;g) égZ) 0.003 0.65
20 1260 41 30 0.52 40.83 133.24 ?249%1227755) ?436391; (83(2;‘21) 5.4 (2.4) éi:) (8323) 100.0 (100.0) égg) égg) 0.003 0.65
21 1323 42 32 0.51 40.84 133.19 ?24720226655) ?476048) (gggg) 4.9(1.5) (122) (2233) 100.0 (100.0) (§§Z) (562”2‘) 0.003 0.65
22 1386 44 33 0.58 40.84 133.33 ?249%4227755) (343;3 (83(7)8) 4.8(1.9) (122) (821471) 100.0 (100.0) é;;) égg) 0.003 0.65
23 1449 46 38 0.61 40.91 133.40 ?249%7227755) (343;67) (822(7)) 4.8(1.8) égg) (8232) 100.0 (100.0) é;g) (igs) 0.003 0.65
24 1512 46 36 0.66 40.85 133.35 ?300885229900) (248273(; (83(7);) 5.4 (2.5) é;g) (8223) 100.0 (100.0) ééi) égg) 0.003 0.65
25 1575 44 38 0.67 40.90 133.31 ?249%4227755) ?43;;8) (gggi) 5.2(2.1) é:;) (gégg) 100.0 (100.0) égi) (;32) 0.003 0.65
26 1638 43 37 0.70 40.91 133.37 ?24726226655) ?476266) (ggié) 4.5(1.5) (1;471) (2223 100.0 (100.0) éig) égi) 0.003 0.65
27 1701 45 34 0.71 40.91 133.30 ?249%3227755) 335 (471) (8293?1) 4.9(2.0) (123) (gggi) 100.0 (100.0) é;?) (561;(7)) 0.003 0.65
w |wsa| @ | s | os | aws | msar | 0270 [ s osas [ [ 170 ] 027 gy ong | 235 268 | oo | e
29 1827 42 37 0.66 40.88 133.46 ?208838227700) (3453251) (gggi) 4.5(1.5) é;g) ((1);:;1) 100.0 (100.0) (;3(5)) é;g) 0.003 0.65
30 1890 45 37 0.71 40.91 133.33 ?247424226600) (349:1(; (833?1) 4.3(1.2) égg) (23;;) 100.0 (100.0) égg) (42123) 0.003 0.65
31 1953 45 25 0.59 40.88 133.48 ?249%9227755) ?43;;; (8317‘?1) 4.5(1.8) é;i) (8532) 100.0 (100.0) égg) égi) 0.003 0.65
32 2016 42 32 0.55 40.89 133.46 ?209809227755) (343;36) (gZig) 5.1(2.0) (123) (ggi) 100.0 (100.0) égg) (42122) 0.003 0.65
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Integr. Retained cel Cell Bond Bond
Time | Time sub Distance | parame Resolution Unique Multipl Completeness Reryst Rfree length
point | [ms] data sub data cutoff tera paramet range [A] reflections Clrre <I/o()> icity Reim [%] [%] (%] rmsd angleo
sets sets (Al erc [A] (Al rmsd [°]

33 2079 40 34 0.63 40.92 133.35 ?249%5227755) (3437528) (83‘21?)) 6.9 (1.7) (12; (gizi) 100.0 (100.0) égi) (23;) 0.003 0.65
se o | as | w0 | oer | ass | sy | wdezrs [omm o fosses [oyg [1s0 020 Tiong g | 23] 70 oo | oes
35 2205 39 37 0.62 40.98 133.45 ?249%8227755) (3436696) (824712) 4.5(1.1) é;g) (8333) 100.0 (100.0) égg) ég;) 0.003 0.65
36 2268 43 36 0.72 40.99 133.49 ?249500227755) ?436696) (g%g) 4.4(1.0) (132) (gégg) 100.0 (100.0) (?7‘2) (4212121) 0.003 0.65
37 2331 41 40 0.69 40.96 133.38 ?249%6227755) ?436587) (ggg;) 4.6(1.2) (122) (8;22) 100.0 (100.0) éig) égg) 0.003 0.65
38 2394 42 37 0.77 40.98 133.38 ?209908227755) 3361(469) (ggég) 4.5(1.2) (1;;) (8;:;) 100.0 (100.0) ég;) (Z;Z) 0.003 0.65
39 2457 42 40 0.78 40.99 133.40 ?209909227755) (3436595) (gggg) 4.5(1.2) (13?) (821322) 100.0 (100.0) éj;) (i?g) 0.003 0.65
40 2520 42 38 0.66 40.96 133.29 ?249%3227755) (3437416) (gg;g) 4.5(1.2) égg) (8;§3) 100.0 (100.0) égg) é;g) 0.003 0.65
41 2583 41 36 0.72 40.98 133.40 ?209908227755) (343669‘; (83}12) 4.5(1.7) égi) (83(7)213) 100.0 (100.0) égz) é?i) 0.003 0.65
42 2646 39 33 0.74 41.01 133.41 ?219%1227755) ?436675) (g%g) 4.3(1.3) é:i) (8;%) 100.0 (100.0) égg) (iij‘) 0.003 0.65
43 2709 40 36 0.71 41.01 133.44 ?219%1227755) ?436695) (ggzg) 4.4(1.2) (123) (gégg) 100.0 (100.0) égg) égi) 0.003 0.65
44 2772 43 40 0.92 41.00 133.37 ?249%6227755) ?436676) (8212) 4.5(1.3) (12?) (2?;451) 100.0 (100.0) (gi;) (381) 0.003 0.65
s || o | m | o | ae | s | w20 | [oors [y 182 o1 T g | 260 |27 T oo [ g,
46 2898 46 37 0.67 40.97 133.34 ?249%5227755) (3437621) (8323) 4.5(1.2) é;i) (8322) 100.0 (100.0) é:;) é;i) 0.003 0.65
47 2961 46 39 0.71 40.96 133.22 ?249%1227755) (343;18) (ggg) 4.5(1.3) égi) ((1)3293;) 100.0 (100.0) (?1‘;) (42133) 0.003 0.65
48 3024 43 23 0.55 40.85 133.31 ?209855228800) ?4141789) (ggii) 5.1(1.9) (13?) (gégz) 100.0 (100.0) é;;) (;Zg) 0.003 0.65
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Integr. . Cell Bond Bond

Time | Time sub Retained Distance | param cell Resolution Unique Multipl Completeness length angle
point | [ms] data sub data cutoff etera | Parame range [A] reflections Clire <l/o(l)> icity Reim [%] Ryt [%] | Riree [%] rmsd rmsd

sets sets (Al ter c [A] (A ]

49 3087 43 36 0.73 40.99 133.36 ?20993227755) (343762‘; (8323) 5.5(1.9) (132) ((1)322) 100.0 (100.0) égz) égi) 0.003 0.65
50 3150 43 37 0.68 40.94 133.36 ?;94552288(;)) ?415915) (8322) 4.7 (1.4) (1;(23) (2(1);5) 100.0 (100.0) é:;) é;g) 0.003 0.65
51 3213 43 34 0.69 40.93 133.27 ?;9402227755) (343754?; (gigg) 4.1(1.4) (122) (gggé) 100.0 (100.0) éig) (22&2;) 0.003 0.65
52 3276 41 32 0.60 40.93 133.36 ?39.'1133__22'5955) (2471239) (ggig) 5.3(2.3) (1:(83) (gggg) 99.9 (100.0) (;33) égg) 0.003 0.65
53 3339 40 35 0.77 40.95 133.32 ?209905227755) (3437532) (8332) 4.5(1.5) &gg) (83;2) 100.0 (100.0) (?113) ézz) 0.003 0.65
54 3402 36 28 0.64 41.01 133.35 ?;9405227755) ?436672) (gggg) 4.7 (1.7) (1:2) (g;gg) 100.0 (100.0) é;‘i) é;; 0.003 0.65
55 3456 37 33 0.74 40.98 133.30 ?;945227755) (343765?; (gggi) 4.7 (1.6) (123) (8;;32) 100.0 (100.0) ég;) é;g) 0.003 0.65
56 3528 40 30 0.64 40.97 133.29 ?;94;227755) ?437653; (8332) 4.9(1.8) (122) (832;(;3) 100.0 (100.0) (;;2) (;2:) 0.003 0.65
57 3591 38 31 0.64 40.98 133.33 ?;9451227755) ?437625) (33;21) 4.8(1.5) (123) (gig) 100.0 (100.0) (?111) (22;) 0.003 0.65
s |assa | a1 | 36 | om | aoss | wssar | oaerrs | os T T 0 T 0t Tgonong | 22| 200 oo | oss
59 3717 40 36 0.66 40.97 133.26 ?;9402227755) ?437541) (3322) 5.0 (1.6) (132) (2(2)22) 100.0 (100.0) égi) é?i) 0.003 0.65
60 3780 40 35 0.69 40.98 133.23 ?2499;227755) (3437557) (83‘118) 4.5(1.2) (133) (gggg) 100.0 (100.0) (;4712) (4212233) 0.003 0.65
61 3843 39 35 0.67 40.98 133.31 ?;;51228855) ?401423; (334718) 4.7 (1.3) (123) (g;i;) 100.0 (100.0) é;g) (i;i) 0.003 0.65
62 3906 41 38 0.70 40.97 133.22 ?;9401227755) (3437651) (83;; 4.5(1.3) (gi) ((1)3&73(2)) 100.0 (100.0) éig) égg) 0.003 0.65
63 3969 38 25 0.64 40.87 133.21 ?39(?872299(;)) (2482553; (ggg:) 5.0 (1.6) (Eg) (gégi) 99.9 (100.0) é:g) (gz;l) 0.003 0.65
64 4032 44 41 0.70 41.01 133.28 ?;94532288(;.) (3415945) (8313) 4.9(1.3) (123) (8;2;) 100.0 (100.0) (?111) é;g) 0.003 0.65
65 4095 40 35 0.69 41.03 133.32 ?;94(;1227755) ?43667[; (g%i) 4.5(1.1) (167”2‘) (gggi) 100.0 (100.0) éiz) (;?:) 0.003 0.65
66 4158 36 32 0.65 41.01 133.15 ?2%5001__22.'7755) (3436585) (8%2) 4.5(1.2) (15(3)) (8;22) 100.0 (100.0) égg) (?7);) 0.003 0.65
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Table S2 Rise and decay time constants of key residue population evolutions derived from

structural analysis.

Residue (conformation) Time constant [ms]

FMN (A,C)

Val392 (A,C)

11e403 (A,C)

Cys426 (A)

Cys426 (B)

Cys 426 (C)

Leud56 (A, C)

Phe470 (A)

Phe470 (C)

Phe470 (D)

GIn489 (A, C)

1325

1490

1527

1546

1185

1434

1527

1360

1304

1576

1621

Average

1445 +/- 135



