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SI1: Cloning, Expression, and Purification of AsLOV2

DNA encoding Avena sativa phototropin 1 LOV2 domain plus the C-terminal Ja helix (residues
404-560)" was used to generate the F434Y mutant. Mutagenesis was carried out according to the
Quick Change II XL site-directed mutagenesis kit (Stratagene) following manufacturer’s
instructions and verified by DNA sequencing. Proteins were expressed in E. coli BL21(DE3)
cells grown in LB broth at 37°C to an Aggo of 0.6-0.8 and then induced with IPTG (0.12 g/L).
After 16 hr induction at 20°C, cells were centrifuged and pellets resuspended in 50 mM Tris
(pH 8.0), 100 mM NaCl buffer. Cells were lysed using sonication and clarified with
centrifugation at 48,000 g for 30 min. The soluble fraction was loaded onto a High Performance
Ni*"-Sepharose (Amersham) column, allowing for rapid affinity purification of His-Gp1 tagged
(1) AsLOV2 fusions by eluting with 250 mM imidazole. After exchanging the LOV-containing
fractions into 50 mM Tris (pH 8.0), 100 mM NaCl buffer, the His-Gp1 tag was cleaved by
adding 1 mg His¢-TEV protease per 30 mg of fusion protein. Proteolysis reactions were allowed
to proceed overnight at 4°C and stopped using a High Performance Ni"*-Sepharose column to
remove the His-GB1 and Hise-TEV protease. Protein was then concentrated and injected onto a

Superdex 75 column for final purification and exchange into 50 mM sodium phosphate (pH 6.0),
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100 mM NacCl buffer. The resulting purified proteins contain only the GEF (N-terminal) and G
(C-terminal) residues as cloning artifacts. Although the photodynamics of oxidized flavin in
aqueous solution are strongly affected by dissolved oxygen (2), the protein binding pocket of
FMN sufficiently excludes oxygen to not appreciably affect measured photodynamics (3) and no

efforts to deoxygenate the samples were made.

SI2: Molecular dynamics simulations

Initial structures for the residue 403-536 fragment of A. sativa LOV2 were generated based on
the room temperature crystal structures of Halavaty and Moffat (PDB codes 2V1A and 2V1B for
the dark and light states, respectively) (4). In both cases the crystal structures of the protein and
chromophore were used and all water and other cofactors discarded. An initial solvation shell
was added using SOLVATE 1.2 (5) with padding extending 15 A beyond the protein; a solvent
cube was completed using the solvate module of VMD 1.8.6 (6), and a minimal set of
neutralizing ions (6 sodium ions) placed using the autoionize plugin of VMD 1.8.6. After
ionization, the appropriate F434Y structures were generated by point mutation of residue 434;

the structures used are identical to those of the wildtype simulations (7).

Molecular dynamics (MD) simulations were performed using an alpha version of NAMD 2.7 (8)
. In all cases the CHARMM?22 force field with CMAP corrections was used for the protein and
ions (9, 10), water treated using the TIP3P water model (11), and newly derived flavin and
cysteinyl-flavin photoadduct parameters (7) used for the chromophore. All hydrogen-containing
bonds in the protein and chromophore were constrained in length using RATTLE (12) and rigid

water geometries maintained with SETTLE (13). Short-range nonbonded interactions were cut
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off at 10.0 A with switching starting at 9.0 A; long-range electrostatics were treated using the
Particle Mesh Ewald method with a grid spacing no greater than 1.0 A™' along each axis. A
timestep of 2.0 fs was used in all cases to integrate the equations of motion, and multiple
timestepping employed to evaluate long range electrostatics once every two steps. All
simulations were performed in the isothermal-isobaric ensemble; a constant temperature of
298 K was maintained using a Langevin thermostat with a damping constant of 5.0 ps~' during
equilibration and 1.0 ps™' during production runs, and a pressure of 1.0 atm enforced using a
Nosé-Hoover Langevin piston barostat (8) with a period of 200 fs and decay time of 100 fs.

Coordinates were saved to disk once every two ps during the trajectory.

Prior to production runs, the dark and light state F434Y systems were equilibrated in a two stage
process: All protein and chromophore atoms were first restrained to their crystal coordinates with
a spring constant of 10.0 kcal/(mol A%), and the backbone atoms of the protein constrained to
their initial coordinates. The system was minimized for 3000 steps, equilibrated for 200 ps, and
the restraints on the protein non-backbone atoms were removed in ten steps over an additional
200 ps of simulation. The backbone constraints were then changed to harmonic restraints, and
removed in ten successive steps over another 200 ps of simulation. Equilibration was completed

on the fully unrestrained system with an additional 100 ps of dynamics propagation.

For both the dark and light state LOV2-F434Y systems, three independent 200 ns simulations
were performed using identical coordinates but different initial velocities and sets of random
seeds. These trajectories are referred to as D F434Y1, D F434Y2, D F434Y3, L F434Y1,
L F434Y2, and L F434Y3 for the dark (D ) and light state (L ) trajectories. The five dark and

light state wildtype AsLOV2 trajectories simulated independently (7), obtained under near-

S3



"Modulating LOV Domain Photodynamics with a Residue Alteration outside the Chromophore Binding Site

identical conditions to the simulations presented here, are referred to as D WT1-5 and L WTI-

5.

Oxygen accessibilities were calculated using the implicit ligand sampling (ILS) method of Cohen
and co-workers (15). ILS was performed on the concatenation of all trajectories for each of the
D WT, L WT, D F434Y, and L F434Y, excluding the first 20 ns of each trajectory. Free
energies were obtained on a lattice with a spacing of 0.1 nm on each dimension, with 27x
supersampling (3x along each dimension) and a set of 20 orientations used at each of the (super-
sampled) grid points. The trajectories were aligned by the LOV domain core (residues 416-516)

prior to ILS calculations.

The difference in the stability of the photoadduct in the wildtype and F434Y cases was
determined by taking the difference of the AG values for mutating F434 to tyrosine in the light
and dark states with the free energy perturbation (FEP) module of NAMD 2.7; in such
calculations a scaling parameter is used to transition between the initial (A=0) and final (A=1)
states. Intermediates were taken at A = 0.0, 0.1, 0.2... 0.9, 1.0, and one additional intermediate at
A = 0.85 was used in the dark state to improve overlaps of adjacent ensembles. For each
transition between adjacent intermediates, 1 ns of sampling was performed after 100 ps of
equilibration. A soft core potential was used for van der Waals interactions (14). Free energy
differences were then calculated using the bidirectional Bennett acceptance ratio (BAR) (16). In
the case of the dark state FEP, in order to accelerate convergence all sampling was performed
with an added CHARMM-style dihedral term restraining the y; angle of residue Cys450 to the
mode value for the conformation I rotamer with a force constant of 10 kcal/mol. The effects of

this restraint were removed at the endpoints using a BAR calculation with data only from the
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unrestrained ensembles (i.e., the 1000 ns and 600 ns equilibrium trajectories of the WT and

F434Y systems, respectively).

SI3: Gln 513 Dynamics

The major conformational states (and their populations) of GIn513 encountered in wildtype
AsLOV?2 and F434Y from the MD simulation are shown in Fig. SI1. Notably, as expected based
on the introduction of an extra hydrogen bond acceptor above the plane of FMN, GIn513 takes
on a light-like conformation even in the F434Y dark state, showing rotation away from FMN due
to the presence of a bound water (Fig. SI1, conformation v); the population from the dark-
adapted F434Y system showing similar distance/dihedral combinations to conformation iii in
Fig. SII is actually more similar to conformation iv, but with a different GIn513 rotamer. The
conformation of GIn513 in the F434Y light state is not strongly affected, although it does show a
form of conformation iv which is even more distant from FMN than in the wildtype. As was
observed in the light-induced wildtype simulations, conformations of GIn513 which are turned
away from FMN in the F434Y dark state are correlated with tilting of the If strand and an
increased population of states where the C-terminal portion of the Jo helix separates from the
LOV domain core (data not shown). However, other light-induced structural changes observed in
Reference 7 to be linked to the early stages of Jo dissociation were not observed. It is thus
unclear, in the absence of experimental data or simulated Jo dissociation, what effect the F434Y

mutation has on the stability of the ASLOV2-Jo interface.

The correlations between water binding site occupancies and the conformation of Q513 are
shown in Table SI1, using the Q513-O4 hydrogen bonding distance to track the orientation of the

Q513 side chain. For the purposes of that table, a water is defined as being in the O4 binding site
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if its oxygen is within 3.5 A of the FMN O4 atom, in the N5 binding site if its oxygen is within
3.5 A of the FMN N5 atom, and in the antechamber site if its oxygen is simultaneously within 5
A of N414 and N492. Statistics are calculated for a concatenation of the last 120 ns of each
trajectory falling into a given category (e.g., the statistics for the dark state F434Y simulations
combine the last 120 ns of each of trajectories D_F434Y1-3). Error bars are given as two times
the standard error of the mean, treating each nonoverlapping 10 ns slice of trajectory as a single

independent data point.

Sl4: Solution NM R spectroscopy

Solution NMR utilized uniformly ’N-labeled protein, generated from bacteria grown in M9
minimal media containing 1 g/L of "NH,CI. Solution NMR experiments were performed on
Varian Inova 600 and 800 MHz spectrometers at 25°C, using nmrPipe'” for data processing and
NMRview'® for analysis. Sensitivity-enhanced '"N/'H HSQC spectra'® were acquired on samples
between 200-500 micromolar concentration, with total experimental time being approximately

30-60 minutes apiece.

SI5: Chemical Shift Difference Map

To evaluate the structural effects of the F434Y point mutation, we analyzed "N/'H HSQC
solution NMR spectra collected on uniformly '“N-labeled samples of F434Y AsLOV2 and
compared these to corresponding spectra of wildtype AsLOV2 (1). Qualitative comparisons of
these spectra (Fig. SI2a) reveal minimal changes, with a similar overall pattern of crosspeaks
from ""N/'H pairs (chiefly backbone and sidechain amides, and tryptophan indoles) distributed
throughout the protein. To obtain a more quantitative examination of perturbations, we

performed minimum chemical shift analysis (17) to establish the minimal degree of perturbation
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of the chemical shift assignments of the wildtype AsLOV2' necessary to obtain the F434Y
spectra. Chemical shift perturbations were established by weighing the change in chemical shift

(in ppm) as follows:

ABrmes = Sqrt((Admin("H))* + (0.1*Admin( °N))?)

where Ad.i, is the minimal chemical shift required in each dimension associated with moving
from an assigned crosspeak (in AsSLOV2) to the nearest peak in F434Y spectra. Results from this
analysis, which provides a conservative estimate of chemical shift changes, indicate a

heterogeneous response to the point mutation (Fig. SI2b).

Mapping the minimum chemical shift results on the crystal structure of dark state AsSLOV2 (Fig.
SI2¢)* indicates that several of the sites that are strongly perturbed (Adme>0.2 ppm) are located
in the immediate vicinity of F434 (e.g. A430, S431, T438, 1445, L453). Notably, several sites at
longer distances are also perturbed (e.g. 1532, located approximately 13 A from the site of
mutation), suggesting that there are some minor structural changes within the protein as a whole.
However, the degree of change observed in these solution NMR spectra are much less than those
seen with mutations which induce dissociation of the Ja helix from the LOV domain (1, 18) or

other major changes, suggesting that any long range changes are more subtle.

SI6: Time-Resolved Spectroscopy

The ultrafast transient absorption signals were measured with an amplified Ti:sapphire laser
system (Spectra Physics Spitfire Pro and Tsunami) that delivered 800 nm pulses with an energy
of 2.25 mJ at a repetition rate of 1 kHz, and 40 fs full width at half maximum (FWHM) duration.
(19). The laser beam is split into two separate pathways for pumping and probing. The 80 nJ,
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400 nm excitation pulses were generated via second harmonic generation in a f-barium borate
crystal (0.1 mm thick, 29.2°). Broadband white light probe pulses were generated by focusing
800 nm pulses into a slowly translating CaF, crystal. The pump and probe beams were set at
magic angle. The time resolution is ~100 fs (FWHM) and the spectral resolution is 1.2 nm. Both
wildtype AsLOV2 and F434Y samples were suspended at concentrations of 450 uM in a buffer
consisting of 50 mM sodium phosphate (pH 6.0) and 100 mM NaCl. The sample was studied in a
I mm quartz flow cell circulated by a peristaltic pump (Watson-Marlow 406D) to refresh the
sample between laser pulses. Measurements were also performed with ~3 mL of sample to avoid
protein degradation and reduce the potential of re-exciting protein in the adduct state. Since the
recovery of the dark state in wildtype AsLOV2 domain approximately 70 s (20), imidazole
(200 mM) was added to induce faster recovery kinetics as demonstrated by Kennis and co-
workers (21). However, imidazole was not used with the F434Y sample, since the recovery time
scale (vide infra) is sufficiently rapid to ensure the probing of the dark-adapted population with
each laser pulse via the sample circulation. The photodynamics for the wildtype and F434Y
mutant were measured back-to-back under identical conditions including temperature and buffer
composition to ensure that the resolved differences were associated exclusively with the F434Y

mutation.

In the nanosecond-microsecond laser flash photolysis measurements, the samples were excited
in the same 1 mm flow cell and 400 nm excitation pulses used in the fs-ns transient apparatus
described above, although with a slightly higher (160 nJ) pulse energy. The ensuing
photodynamics was probed with a continuous wave 640 nm laser diode (HLM1230 Class III).

Transmitted probe light was detected with a 1 ns response photodiode (Thorlabs DET10A) via a
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1 GHz digital oscilloscope (Tektronix TDS784A), and then transferred to a computer via

National Instruments LabView software.

SI7: Simple Global fitsto 10-ns Transient Data

The ultrafast signals for wildtype AsLOV2 and the F434Y mutant can be fit to simple sequential
population schemes with no interconverting population flow due to isomerization of the C450
residue. The parameters of these models were used as the initial guesses for the more complex
model described in the manuscript. These models do not explicitly separate internal conversion
dynamics from radiative decay dynamics and intersystem crossing dynamics (Figs. SI2-5 and
Table SI3). A single population model was used by Kennis and co-workers for wildtype
AsLOV2, although since they were unable to resolve the FMN bleach, separation of radiative
and ISC kinetics was performed after the global analysis of the data and was not experimentally
resolved (21). The results of this simple model with single population (homogeneous) kinetics

were used for the measured transient data for wildtype AsLOV?2 in Figure SI4A.

As discussed in the manuscript, this same model cannot describe the F434Y sample due to the
intrinsic bi-exponential nature of the signals (Fig. SI4B). Hence, a two-population model is
required (Figure SI4C) to accurately describe the decay kinetics, but without incorporating the
inter-conformational dynamics resolved in MD simulations, a full explanation of the extracted

parameters of the model is difficult.

The Species Associated Difference Spectra (SADS) for the three models described above are
contrasted in Figure SIS. For the two-population model, the SADS for each conformer were
locked together to simplify the fitting. Although not necessary, this is a reasonable assumption as

it is unclear how the molecular structure of each conformer would affect the resulting SADS
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properties. However, it is clear from contrasting the triplet SADS for each sample that the fine
details of the spectra are different between the two samples; this is ascribed to different hydrogen

bonding networks between the two samples.

SI8: Adduct Recovery Signals

Purified protein was concentrated to an Agsp of 0.3-0.4 in a 1 mm pathlength flowcell. Proteins
were illuminated with multiple flashes of white light from a photographic flash followed
immediately by monitoring the recovery of absorbance at 450 nm using a Varian Cary Series 50
spectrophotometer. The collected data points were fitted using a first-order rate equation to
obtain the dark state recovery time constant. The photoadduct for the F434Y mutant reverts to

the initial dark form (Figure SI7) with 10-fold faster time constant than wildtype (not shown).

The O, dependent dark recovery kinetics of F434Y AsLOV2 was measured in a Varian Cary 50
spectrophotometer equipped with an external 75 W xenon lamp source directed down over the
cuvette. A photo-equilibrium of light and dark adapted states was established within 1 minute of
illumination with light centered at 450 nm (70 nm FWHM). The recovery was then measured
under dark conditions with the 80 Hz spectrophotometer source centered at 450 nm and a dwell
time of 0.1 seconds. To test oxygen sensitivity of the dark recovery kinetics, oxygen was
displaced by stirring each sample under a vented argon environment for 30 minutes. The samples
were maintained under a positive pressure of Ar until immediately before the kinetics
measurement, at which time the septum was removed to photoconvert the sample. A slower dark
recovery was initially observed in F434Y. After 5 minutes of exposure to atmosphere, the dark
recovery of the F434Y sample returned to approximately the same rate as the control sample,

suggesting that the solution has become near fully saturated with O,.
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Table SI1: Correlations between Q513 conformation and water occupancy in the FMN binding
site from molecular dynamics simulations for wildtype AsLOV2. Each entry in the tables
corresponds to the fraction of timesteps from a given simulation satisfying the corresponding
properties. Water occupancies for three sites are noted: those immediately adjacent to NS,
adjacent to O4 (near the crystallographic dark state side chain of Q513), and those in the
antechamber site (see text for details). In all cases the Q513-FMN O4 hydrogen bond distance is

used as a proxy for Q513 conformation.

Dark state, wild type (5 trajectories)

Q513-04 04 site NS5 site Antechamber site
distance occupancy (# of waters) occupancy (# of waters) occupancy (# of waters)
A) 0 1 2+ 0 1 2+ 0 1 2+
<35 0.66 0.02 0.00 0.68 0.00 0.00 0.09 0.42 0.17
+0.03 | £0.01 +0.03 +0.02 +0.03 £0.02
3.5-6.5 0.16 0.11 0.00 0.24 0.02 0.00 0.08 0.11 0.08
+0.01 | £0.02 +0.02 +0.01 +£0.01 +£0.01 +0.01
>6.5 0.03+ | 0.02+ 0.00 0.05 0.00 0.00 0.04 0.01 0.01
0.01 0.01 +0.01 +0.01 +0.00 +0.00
Light state, wild type (5 trajectories)
Q513-04 04 site NS5 site Antechamber site
distance occupancy (# of waters) occupancy (# of waters) occupancy (# of waters)
(&) 0 1 2+ 0 1 2+ 0 1 2+
<35 0.23 0.03 0.00 0.24 0.02 0.00 0.02 0.17 0.06
+0.03 +0.01 +0.03 +0.01 +£0.01 +£0.03 £0.01
3.5-6.5 0.32 0.30 0.06 0.45 0.23 0.00 0.29 0.27 0.12
+0.03 +0.03 +£0.02 £0.03 +0.03 +0.03 +£0.02 =£0.02
>6.5 0.06 0.01 0.00 0.07 0.00 0.00 0.05 0.02 0.00
+£0.01 +0.00 +0.01 +0.01  +£0.00
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Table SI2: Correlations between Q513 conformation and water occupancy in the FMN binding
site from molecular dynamics simulations for F434Y AsLOV2. Each entry in the tables
corresponds to the fraction of timesteps from a given simulation satisfying the corresponding
properties. Water occupancies for three sites are noted: those immediately adjacent to NS,
adjacent to O4 (near the crystallographic dark state side chain of Q513), and those in the
antechamber site (see text for details). In all cases the Q513-FMN O4 hydrogen bond distance is

used as a proxy for Q513 conformation.

S16

Dark state, F434Y (3 trajectories)
Q513-04 04 site NS5 site Antechamber site

distance occupancy (# of waters) occupancy (# of waters) occupancy (# of waters)

(A) 0 1 2+ 0 1 2+ 0 1 2+

<3.5 0.01 0.03 0.00 0.03 0.01 0.00 0.01 0.02 0.01
+0.00 =£0.01 +0.01 +£0.01 +0.00 001 =£0.00

3.5-6.5 0.23 0.46 0.06 0.36 0.40 0.00 0.26 0.34 0.16
+0.04 =004 £002 003 =£0.04 +0.03 +0.03 £0.02

>6.5 0.11 0.09 0.00 0.14 + 0.06 0.00 0.14 0.05 0.01
+0.02 £0.02 0.02 +0.02 +0.03 £0.01 =£0.00

Light state, F434Y (3 trajectories)
Q513-04 04 site NS5 site Antechamber site

distance occupancy (# of waters) occupancy (# of waters) occupancy (# of waters)

(A) 0 1 2+ 0 1 2+ 0 1 2+

<3.5 0.14 0.00 0.00 0.14 0.00 0.00 0.02 0.09 0.03
+0.03 +0.03 +0.01 £0.03 =£0.01

3.5-6.5 0.41 0.11 0.00 0.48 0.05 0.00 0.41 0.07 0.04
+0.04 £0.03 +0.04 £0.02 +0.05 001 =£0.01

>6.5 0.08 0.23 0.03 0.32 0.02 0.00 0.26 0.07 0.01
+0.02 £004 =001 =£0.04 +£0.01 +0.03 001 =£0.00
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Table SI3: Observed photokinetics of other LOV domains. Decay times of the triplet state in
other LOV domains are collected. As: Avena sativa; Cr: Chlamydomonas reinhardtii; Ac:
Adiantum capillus-veneris phy3, Bs: Bacillus subtilis. CrLOV1 (22), CrLOV1-C57S (23),
CrLOV2 (24), AcLOV (25), FMN (25), BsYtvA (26, 27), and riboflavin (28). *Data (20) obtained

from AsLOV?2 in Tris buffer; in this study, AsSLOV2 samples were purified in sodium phosphate

buffer.
Tr1 Tic Tisc TTriplet State Tadduct decay
WT AsLOV2 2ns 7.4 ns 3.3 ns 2.49 us 85s
AsLOV2-F434Y 322 ps 847 ps 537ps(30%) 0.93us (33 %) 7.8s
1.40 ns 4.49 ns 2.33ns (70 %) 3.02 us (64 %)

AsLOV2-Q513N 37.3s
WT AsLOV2* 6 Us 35s
AsLOV2-116L* 19s
AsLOV2-116V* 5s
AsLOV2-N38S* <l1s
AsLOV2- 12 us 5s
K2R/I16V*
CrLOVI1-WT 2.9ns 2.9 ns 800 ns (80 %)

4 us (20 %)
CrLOV1-C57S 4.6 ns 3 us (25 %)

27 us (75%)
CrLOV2-WT 500 ns
CrLOV2-C250S 12 us (90 %)

287 us (10 %)
AcLOV2
YtvA-LOV 3.3 ns 7.28 ns 1.8 ns 1.6 us 43 min
FMN 4.7 ns 34 ns 7.8 ns - -
Riboflavin 5ns 14 ns 13.5ns - -
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Table Sl4: The rate constants in homogeneous model for primary photodynamics of AsLOV2-

Parameter WT (A) F434Y (B) F434Y (C)
: population I 100 % 100 % 37 %
Weight population II - - 63 % 1
Timeconstants 1 K 1vibic (0.6 ps)”! (0.6 ps)™ (0.6 ps)'1
K 11vib1c - 1 - 1 (0.5 ps) |
: Kk 11sc (2.14 ns)y (903 ps) (389 ps)
Timeconstants 2 K 1t 1sc ) ) (1.48 ns)"

WT (A), F434Y (B), and in the proposed static inhomogeneous model for F434Y (C).
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FigureSi1

ance | A1

Q41304 hydrogen bord dist

T T
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Figure SI1: Conformations of the Q513 side chain observed during wildtype (WT) and F434Y
simulations. (a) Representative snapshots of five commonly observed conformations, taken from
D WT (i-ii), L WT (iii-iv), or D F434Y (v) simulations. i and iii show the dark and lit states
resulting from the sulfur of C450 being close to FMN (conformation I), and ii and iv correspond
to dark and lit states resulting from conformation II in which there is a longer distance between
C450 and FMN. (b) Histograms plotting the occupancy (in number of MD frames) of different
values of the distance between the N atom of Q513 and the O4 atom of FMN, and the
(imaginary) dihedral angle formed by the N, Ca, Cy, and Cd atoms of Q513. Conformational
regions corresponding to the states from panel (a) are indicated in the plot for the simulation

from which the snapshot was taken.
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Figure SI2
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Figure SI2: Characterization of the structural changes induced by F434Y point mutation as
ascertained by solution NMR spectroscopy. (a). Overlay of ""N/'H HSQC spectra of wildtype
AsLOV?2 (black) and F434Y (red), indicating minimal perturbation overall caused by the point
mutation. (b). Minimum chemical shift difference analysis (17) of the spectral changes observed
in panel (a), calculated as described. (c¢). Mapping of minimum chemical shift changes onto dark
state crystal structure of AsLOV2 (PDB entry 2VOU) (7) Residues with backbone amides
experiencing minimum chemical shift changes > 0.2 ppm are colored blue; F434 is colored pink;

C450 and the FMN chromophore are colored yellow.
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Figure SI3
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Figure SI3: 550 nm ultrafast kinetics analyzed with single- (dashed blue lines) and bi-
exponential (solid red lines) decay functions (single wavelength fits). (A) The wildtype AsLOV2
kinetics are fit well with a single-exponential decay with a 2099 ns time-constant. (B) Fitting the

F434Y kinetics requires two time constants of 322 ns (33%) and 1466 ns (66%) as indicated by

residuals.
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Figure Sl4

(A) wildtype: homogeneous model

Figure Sl4: Global analysis of ultrafast data to simple models (A) wildtype AsLOV2, single
population homogeneous model; (B) F434Y fit with a single population homogeneous model;

(C): F434Y fit with a two-population static inhomogeneous model. Kinetics of F434Y is
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explained under the assumption that population I and population II are not interchanging.
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Fig. SI5
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Figure SI5: The Species Associated Difference Spectra (SADS) to the three global analysis
scenarios from Figure SI2. (A) wildtype AsLOV2: homogeneous model; (B) F434Y:

homogenous model; (C) F434Y: static inhomogeneous model.
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Figure SI6
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Figure SI6: Estimated concentration profiles and SADS extracted from the global analysis using
the dynamic inhomogeneous model of Figure 7. The populations are: Sy/hot S, (black), S; (red)
and triplet (green). Dashed (conformer I) and solid (conformer II) lines indicate dynamics of the

sub-populations.
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Figure Sl 7
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Figure SI7: Dark recovery kinetics of wildtype AsLOV2 and the F434Y mutant (inset). The

collected data points were fitted using a first-order rate equation to obtain the dark state recovery

time constants of 85 sec and 7.79 sec respectively.
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Figure SI8
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Figure SI8: Oxygen sensitivity of the dark recovery kinetics measured for the F434Y mutant.
Kinetics measured during exposure to ambient air (black circles) are contrasted with the kinetics
of an argon purged sample immediate after purging (blue circles) and after purged sample was
exposed to air for 5 minutes (red triangles). All concentrations and illumination levels are held

constant.
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