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Synthesis

NMR-spectra were recorded on a Bruker Avance™ 600 MHz spectrometer. Mass spectra
were conducted with a WATERS LCT Premier XE mass spectrometer (ESI). Unless
otherwise noted, all reactions were carried out under normal conditions. Materials and

solvents obtained from commercial suppliers were used without further purification.

Synthesis of 1
NHAc NH,
NO, NO NH
Ac,0, DCM " 1Pac ¢ NaBOg MeOH
Co0,
2 2) HCOONH, HiBOs . . = L
MeOH AcOH,60°Cc N HCI N
NH» NHAc NHAc
1a 1b 1c
NHAc NH,
1d 1

N-(4-nitrophenyl)acetamide (1b). To a solution of 4-nitroaniline (0.5 g, 3.6 mmol, 1 equiv.)
in dichloromethane (30 mL), acetic anhydride (0.44 g, 4.3 mmol, 1.2 ek) was added at room
temperature. The mixture was stirred overnight, diluted with saturated solution of sodium
carbonate and then DCM was added. The organic phase was dried over MgSQy,, filtered, and
concentrated under reduced pressure to give 1b as a greenish solid (0.58 g, 98 %).

'H NMR (601 MHz, DMSO-ds) :

10.54 (s, 1H), 8.20 (d, *Jun = 9.3 Hz, 2H), 7.82 (d, 331 = 9.3 Hz, 2H), 2.12 (s, 3H).

HRMS m/z (ESI): calcd for CgHgN,O3: [M+H]",

Required: 181.0613, found: 181.0620

N-(4-aminophenyl)acetamide (1c). To a solution of 1b (1.12 g, 6.2 mmol, 1 equiv.) in
MeOH (30 mL), under argon atmosphere, at 0°C, 10% Pd/C (0.311 g) and ammonium
formate (1.8 g, 4.6 mmol, 1 equiv.) were added. After 1 h, the reaction mixture was filtered
through short plug of Celite, dried over MgSO4, filtered, and concentrated under reduced
pressure to give 1c as a pale pink powder (0.93 g, quantitative).

'H NMR (601 MHz, DMSO-ds) :

9.46 (s, 1H), 7.18 (d, 3Ju = 8.7 Hz, 2H), 6.47 (d, *Ju s = 8.7 Hz, 2H), 4.80 (s, 2H), 1.23 (5,
3H).
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HRMS m/z (ESI): calcd for: CgH1oN,O: [M+H]",
Required: 151.0871, found: 151.0870

(E)-NV,N’-(diazene-1,2-diylbis(4,1-phenylene))diacetamide (1d). To a solution of 1c (2.42 g,
16 mmol, 1 equiv.) in glacial acetic acid (40 mL), sodium perborate tetrahydrate (3.3 g, 021
mmol, 1.3 equiv.) and boric acid (0.83 g, 13 mmol 0.8 equiv.) were added and the solution
was heated under reflux for 7 h. The mixture was cooled to room temperature and the formed
solid was filtered, washed with water and dried under vacuum. The 1d was obtained as a
green - yellow powder (1.52 g, 32 %).

'H NMR (601 MHz, MeOD) &:

10.21 (s, 2H), 7.77 (d, *Jup = 8.9 Hz, 4H), 7.73 (d, %34 = 8.9 Hz, 4H), 2.04 (s, 6H).

HRMS m/z (ESI): calcd for: C1H16N4O2: [M+H]",

Required: 297.1352, found: 297.1358

(E)-4,4’-(diazene-1,2-diyl)dianiline (1). To a solution of 1d (1.4 g, 4.7 mmol, 1 equiv.) in
MeOH, 20 mL of 6M HCI were added and heated at 75°C for 6.5 h. MeOH was evaporated
and the mixture was slowly neutralized by the addition of 2M NaOH. The formed solid was
filtered and washed with water and dried. The 1 was obtained as a green-brown powder
(0.8 g, 80 %).

'H NMR (601 MHz, Methanol -d) 5:

7.48 (d, 3Jun = 8.7 Hz, 4H), 6.59 (d, *Jyn = 8.7 Hz, 4H), 5.69 (s, 4H).

HRMS m/z (ESI): calcd for: C1oH1oN,: [M+H],

Required: 213.1140, found: 213.1141
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Synthesis of 2 and 3

t-Bu

0 OH
NHFmoc NH,

NH, HN™ SO HN"S0

N Fmoc—Tyr(tBu)-OH _ N 1) EDA, MeCN N
N HATU, DMF, DIPEA N* 2) TFA, DCM N*
NH, HN_ _O HN.__O
1 FmocHN 2a’3a H2N 2,3

0 OH
t-Bu”

(E)-N,N’-(diazene-1,2-diylbis(4,1-phenylene))bis(2-amino-3-(4-hydroxyphenyl)propana
mide) (2-L, 3-D Fmoc-Tyr(tBu)-OH). To a solution of Fmoc-Tyr(tBu)-OH (D for 2 and L
for 3) (0.43 g, 0.93 mmol, 2.2 equiv.) in DMF (10 mL) , DIPEA (0.24 g, 1.9 mmol, 4.4
equiv.) and HATU (0.35 g, 0.93 mmol, 2.2 equiv.) were added. After 30 s (E)-4,4-
(diazene-1,2-diyl)dianiline (90 mg, 0.42 mmol, 1 equiv.) was added. The reaction mixture
was stirred for 6 h at room temperature. Solvent was removed under reduced pressure, then
EtOAc was added and the solution was passed through short plug of silica, and washed with
EtOAc (30 mL). Without further purification - F-moc was removed by adding to crude (0.4 g)
2a (or 3a), ethylenediamine (eda) (0.8 mL) in MeCN (0.8 mL). The mixture was stirred for 2
h and concentrated under reduced pressure. The obtained solid was dissolved in DCM (20
mL) and TFA (1 mL) was added; the reaction mixture was stirred overnight. Solvent was
removed under vacuum and crude was purified by HPLC with gradient from water to
water/MeCN (1/1) in 20 minutes. 2 and 3 were obtained as red powders (2: 79 mg, 32% 3: 83
mg, 36%).

Spectral data for 2:

'H NMR (601 MHz, D,0) é:

S4



7.74 (d, J = 8.8 Hz, 2H), 7.45 (d, J = 9.0 Hz, 2H), 7.12 (d, J = 8.3 Hz, 2H), 6.82 (d, J = 8.1
Hz, 2H), 4.27 (t, J = 7.3 Hz, 1H), 3.18 (dd, J = 14.1, 6.9 Hz, 1H), 3.11 (dd, J = 14.1, 7.8 Hz,
1H).

3¢ NMR (600 MHz, D,0) &:

167.69, 155.15, 149.16, 138.82, 130.84, 125.34, 123.45, 121.65, 115.83, 55.16, 36.25.

HRMS m/z (ESI): calcd for: CagHz7NgO3: [M+H]",

Required: 539.2407, found: 539.2402

Spectral data for 3:

'H NMR (601 MHz, D,0) &:

7.85 (d, J = 8.8 Hz, 4H), 7.53 (d, J = 8.8 Hz, 4H), 7.19 (d, J = 8.5 Hz, 4H), 6.88 (d, J = 8.5
Hz, 4H), 4.33 (t, J = 7.5 Hz, 2H), 3.28 (dd, J = 14.1, 6.7 Hz, 2H), 3.19 (dd, J = 14.0, 8.1 Hz,
2H).

3C NMR (600 MHz, D,0) &:

167.76 ,155.18 , 149.29, 138.84 , 130.88 , 125.41 , 123.47 ,121.76 , 115.87 , 55.20, 36.28 .
HRMS m/z (ESI): calcd for: CzoH3oNgO4: [M+H],

Required: 539.2407, found: 539.2418

O OH

ZT

HoN
Fmoc” 2

NH,

Fmoc-Tyr(tBu)-OH
HATU, DIPEA, DMF

_
HATU, DIPEA, DMF 2) TFA, DCM

HN™ ~0 HN” S0
_N _N
Fmoc-Tyr(tBu)-OH N~ 1) EDA, ACN N~
O+ _NH O+ _NH

NH,
-N
N
(0] NH
NH, N/Fmoc
H
(0]

FmocHN NH;

H
X o\t—Bu °©

4a 4b 4

(E)-(9H-fluoren-9-yl)methyl(1-((4-((4-aminophenyl)diazenyl)amino)-3-(4-(tert-butoxy)ph
enyl)-1-oxopropan-2-yl)carbomate (4a). To a solution of L-tyrosine (0.28 g, 0.6mmol, 1.1
equiv.) in DMF (10 mL), DIPEA (0.15 g, 1.2 mmol, 2.2 equiv.), HATU (0.23 g, 0.6 mmol,
1.1 equiv.) were added. After 30 s (E)-4,4'-(diazene-1,2-diyl)dianiline (0.12 g, 0.54 mmol, 1
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equiv.) was added and the reaction mixture was stirred overnight at room temperature. The
solvent was removed under reduced pressure, the reside was diluted with water (30 mL) and
extracted with diethyl ether (50 mL). Combined organic phases were dried over MgSOy,
filtered, and concentrated under reduced pressure. The crude 4a was purified by column
chromatography on SiO, using gradient from DCM to EtOAc. 4a was obtained as an orange
powder (0.19 g, 53 %).

'H NMR (601 MHz, CDCls) &:

7.87 (t, J = 8.6, Hz, 2H), 7.77 (d, J = 7.5 Hz, 2H), 7.61 — 7.46 (m, 5H), 7.40 (t, J = 7.4 Hz,
2H), 7.30 (m, 3H), 7.22 (d, J = 8.5 Hz, 1H), 6.94 (d, J = 7.9 Hz, 12),4.47 (m, 3H), 4.22 (t, J =
6.7 Hz, 2H), 4.13 (d, J = 7.2 Hz, 1H), 4.11 (d, J = 7.2 Hz, 1H), 1.32 (s, 9H).

HRMS: CyoH3sNs0,: [M+H]",

Required: 654.3080, found: 654.3067

(E)-N,N'-(diazene-1,2-diylbis(4,1-phenylene))bis(2-amino-3-(4-
hydroxyphenyl)propanamide) (4). To a solution of D-tyrosine (0.16 g, 0.34mmol, 1.2
equiv.) in DMF (10 mL), DIPEA (0.09 g, 0.69 mmol, 2.4 eq) and HATU (0.13 g, 0.34 mmol,
1.2 equiv.) were added. After 30 s 4a (0.19 g, 0.29 mmol, 1 equiv.) was added and reaction
mixture was stirred overnight at room temperature. Without further purification - F-moc was
removed by adding to 4b (0.1 g,) ethylenediamine (0.4 mL) solution in MeCN (0.4 mL). The
mixture was stirred for 2 h and concentrated under reduced pressure. Crude was dissolved in
DCM (20 mL), trifluoroacetic acid (1 mL) was added and the mixture was stirred overnight.
The reaction mixture was concentrated under reduced pressure and purified by HPLC with
gradient from water to water/MeCN (1/1) in 20 minutes. 4 was obtained as a red powder (30
mg, 61 %).

'H NMR (601 MHz, D,0) &:

7.85 (d, J = 8.8 Hz, 4H), 7.51 (d, J = 8.8 Hz, 4H), 7.18 (d, J = 8.5 Hz, 4H), 6.86 (d, J = 8.5
Hz, 4H), 4.31 (t, J = 7.7 Hz, 2H), 3.27 (dd, J = 14.0, 6.6 Hz, 2H), 3.17 (dd, J = 14.0, 8.2 Hz,
2H).

3C NMR (600 MHz, D,0) &:

167.75, 155.15, 149.31, 138.79, 130.85, 125.39, 123.45, 121.78, 115.83, 55.18, 36.25.
HRMS: CaqHaoNgO4s: [M+H]",

Required: 539.2407, found: 539.2410
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Figure S1. 'H-NMR spectra of 2 (Azo-DD-Tyr).
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Figure S2. *C-NMR spectra of 2 (Azo-DD-Tyr).
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Figure S3. *H-NMR spectra of 3 (Azo-LL-Tyr).
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Figure S5. *H-NMR spectra of 4 (Azo-LD-Tyr).
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Computations

Calculation of net charge of molecules 2-4 (Azo-DD-Tyr, Azo-LL-Tyr and Azo-LD-Tyr)
MarvinSketch package was used to predict the pKa values of polyamine side chains, and the

numbers of charges distributed along the substituent chains were calculated at pH = 6.8.*

HO
9.4

NH,

o
H,N HN N
8.4 N\ O 8.4
N NH
o OH

9.4

Figure S7. Calculated pKa values for molecules 2-4.

The number of charges along the substituents can be estimated by using the following
equations:

Qmolecule = ZQ + ZQ+
For negatively charged fraction (-Ph-OH, pKa = 9.4)

Q-: (_1)
1+10~-(PH-pKa)

— =D
Q= FoGeom
Q=-2510"
For positively charged fraction (-NHs" pKa = 8.4)

Q+ +1
" 1+10+t(PH-PKa)

Q+ (+1)
T 1+10+(6.8-8.4)

Q'=0.98
Based on these calculations the total charge for the molecules 2-4 is equal to:
Qmolecule(2—4) =1.96
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Electrostatic potential surface calculations

Calculations were carried out by Gaussian 09 package,” B3LYP functional with 6-31G(d,p)
basis set was used.® Default PCM model was used in order to include solvent effects, with
water as a solvent, all structures were confirmed as stationary points by frequency analysis.
All optimized geometries were confirmed as a minimum by frequency analysis. Electrostatic
potential surfaces (ESP) were calculated at 0.02 isovalue and 0.000400 density. We used fully
protonated amino group and hydroxyl group in phenol side chain, which corresponds to the

state of the molecules at pH = 6.8. Isovalue for ESP was set to 0.02.

oo o oo

Figure S8. Electrostatic potential surface for Azo-LL-Tyr (trans).

Figure S9. Electrostatic potential surface for Azo-DD-Tyr (trans).
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Figure S10. Electrostatic potential surface for Azo-LD-Tyr (trans).
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Figure S11. Electrostatic potential surface for Azo-LL-Tyr (cis).
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Figure S12. Electrostatic potential surface for Azo-DD-Tyr (cis).
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Figure S13. Electrostatic potential surface for Azo-LD-Tyr (cis).
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Cartesian coordinates for Azo-LL-Tyr (trans)

.85913585
.47612761
.71679708
.36185580
. 73651977
.48992512
.43441959
.96121975

.26943160
.29333042
.11814875
.11163161
.14682554
.03910623
.18313060
.23310356
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Cartesian coordinates for Azo-DD-Tyr (trans)
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Cartesian coordinates for Azo-LD-Tyr (trans)
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Cartesian coordinates for Azo-LL-Tyr (cis)
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Cartesian coordinates for Azo-DD-Tyr (cis)
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Cartesian coordinates for Azo-LD-Tyr (cis)
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Experimental

Materials

Common reagent-grade chemicals were used without further purification. Human serum
albumin (HSA), Warfarin and Digitoxin were purchased from Sigma Aldrich Chem. Co.
Deionized water was used throughout all experiments. HSA, Azo-LL-Tyr, Azo-DD-Tyr and
Azo-LD-Tyr were dissolved in deionized water and kept under dark, except during

photoirradiation. HSA concentration was determined by absorption spectroscopy.

Sample irradiation

The photo-induced isomerization reactions of Azo-LL-Tyr, Azo-DD-Tyr and Azo-LD-Tyr
were performed by using a high pressure Hg Oriel lamp equipped with interference filters at
360 and 436 nm. The resulting light intensity was 0.41 mW/cm? at 360 nm (trans-cis) and
1.04 mW/cm? at 436 nm (cis-trans).

The Azo-LL-Tyr, Azo-DD-Tyr and Azo-LD-Tyr trans-to-cis and cis-to-trans ratio was
assessed by 'H NMR spectroscopy according to the intensity ratios of the corresponding
signals (data not shown). The trans:cis and cis:trans composition of the photostationary state
was found to be 80:20 in both direction for all the studied light-activated compounds. UV

irradiation does not affect the protein secondary structure as reported by us previously.

UV/Vis spectroscopy

The UV-Vis absorption spectra were recorded on a Hitachi U-2900 spectrophotometer at 298
K. The concentration of the azobenzene derivatives (20 uM) was kept constant while
incremental additions of HSA were added into the solution. Quantitative data analysis based

on the UV-Vis titration takes into account the composition of the photostationary state.

Fluorescent measurements

Steady-state fluorescence studies were carried out with a Hitachi F-7000 spectrofluorometer.
The HSA concentration was kept constant (5 uM) and samples were titrated with incremental
addition of Azo-LL-Tyr, Azo-DD-Tyr and Azo-LD-Tyr until no appreciable changes of the
emission intensity were seen, indicating saturation of the interaction. Under those
circumstances the quantitative binding data analysis was carried out taking into account not

only the composition of the photostationary state but also the inner filter effect (IFE).

= F,ps X 1O(Aex+Aem)/2 (1)

P'COT'T
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Time-resolved fluorescence

Fluorescence lifetimes were measured via Time-Correlated Single Photon Counting (TCSPC)
setup purchased from Becker&Hickl GmBH, where a BDL — 375 picosecond Laser Diode,
emitting at 375 nm and operating with 20 MHz repetition rate, was used as excitation source.
The signals were detected by a hybrid GaAs photodetector HPM - 100 - 50. The operation of
this setup was controlled by a DCC-100 detector control card. The PL decay curves were

averaged 10 times to increase the S/N ratio.

Circular dichroism

CD measurements were performed at 298 K in the wavelength range of 180-300 nm at
different photochrome/HSA ratios and keeping constant the HSA concentration. Conversely,
the concentration of molecular photoswitches was kept constant and incremental additions of
HSA were added. Before use, the optical chamber of the CD spectrometer was deoxygenated
with dry nitrogen and was held under nitrogen atmosphere during the measurements. Each
spectrum was averaged from five successive accumulations. The protein secondary structure
was computed by using the neural network K2D3 software as described in previously reported

protocols.”
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Azo-DD-Tyr and Azo-LD-Tyr photoisomerization
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Figure S14. Photoisomerization process of Azo-DD-Tyr and Azo-LD-Tyr before (black like)
and after (red line) UV irradiation.

UV-Vis spectral changes

A) Azo-DD-Tyr (-UV)-HSA B)Azo-DD-Tyr (+UV)-HSA
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Figure S15. A) UV-Vis absorption change of Azo-DD-Tyr (no UV) upon addition of HSA

(0-42.5 uM). B) UV-Vis absorption change of Azo-DD-Tyr (UV) upon addition of HSA (0-
36 uM).
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A) Azo-LD-Tyr (-UV)-HSA B) Azo-LD-Tyr (+UV)-HSA
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Figure S16. A) UV-Vis absorption change of Azo-LD-Tyr (no UV) upon addition of HSA
(0-42.5 uM). B) UV-Vis absorption change of Azo-LD-Tyr (UV) upon addition of HSA (0-
36 uM).

Scatchard plots

When small molecules bind to a set of equivalent sites on a macromolecule, the equilibrium

association binding constant (Ka) can be examined according to the linear Scatchard analysis
based on the following equation:®

r
D_f =nK, —rK, (2)

where r is the number of mole of ligand bound per mole of macromolecule and Ds is the molar

concentration of the free ligand. The binding isotherms, obtained by Scatchard analysis were

linear (R*~ 0.99) indicating no deviations from Clark’s model.
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Figure S17. Scatchard plots for Azo-LL-Tyr (no UV)-HSA, Azo-DD-Tyr (no UV)-HSA and
Azo-LD-Tyr (no UV)-HSA systems.
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Benesi-Hildebrand plots

Exploiting the absorption changes arising upon HSA addition to Azo-LL-Tyr (UV), Azo-
DD-Tyr (UV) and Azo-LD-Tyr (UV) it was possible to quantitatively calculate the binding
affinity. Thus, the equilibrium association binding constants (K;) was estimated by using the
Benesi-Hildebrand equation:’

1/(A—=A¢) =1/(Aw —Ap) +1/[HSA] -1/ Ky(Aew — Ap) 3)
where Ag and A are the absorbances of the photochromes in the absence and in the presence
of HSA, respectively, A, is the final absorbance of the photochrome-HSA adduct. The plot of
1/(A-Ap) versus 1/Cysa is linear and the binding constant can be calculated from the ratio of

the intercept and the slope.
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Figure S18. Plot of 1/(A-Ay) against 1/[HSA] for Azo-LL-Tyr (UV), Azo-DD-Tyr (UV) and
Azo-LD-Tyr (UV)-HSA systems.

Mole ratio plots

The binding site size was calculated according to the mole ratio method. The inflection point
of each graph is found to be close to 1 indicating a stoichiometry HSA:ABs equal to
1:1.These findings are in excellent agreement with the linearity of the aforesaid methods

reported to calculate the binding affinity.
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Figure S19. Plots of AAbs vs. the mole ratio for Azo-Tyr-LL (no UV), Azo-Tyr-DD (no
UV) and Azo-Tyr-LD (no UV)-HSA systems.
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Figure S20. Plots of AADbs vs. the mole ratio for Azo-LL-Tyr (UV), Azo-DD-Tyr (UV) and
Azo-LD-Tyr (UV)-HSA systems.

Hill Plots

The Hill slope analysis allowed to investigate whether the complexation process is involved in
any cooperativity coordination since it takes into account the possibility that not all the
receptor sites are independent (Data shown only for Azo-LL-Tyr (no UV), Azo-DD-Tyr (no
UV) and Azo-LD-Tyr (no UV)-HSA systems). The Hill analysis is based on the following

equation:®

B
log [m] = n[log(Lf)] —log(Ky) 4)
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where B and Bnax are the bound ligand and the total receptor concentration, respectively, Ls is
the free ligand concentration and Ky is the equilibrium dissociation constant. Please note that
Bmax IS extrapolated by the Scatchard analysis. The Hill coefficient was found to be: Azo-LL-
Tyr-HSA (nyin = 1.01), Azo-DD-Tyr-HSA (ngiy = 1.06) and Azo-LD-Tyr-HSA (Nyiy =
1.03). This value indicate that only a single class of binding sites is involved in the
complexation process in agreement with the linearity of the fitting models and the mole ratio
plots. Similar conclusions can be obtained also by plotting B vs. L which gives a hyperbolic

shape (data not shown).
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Figure S21. Hill plots for Azo-LL-Tyr, Azo-DD-Tyr and Azo-LD-Tyr-HSA systems.

Steady-state fluorescence properties for the free ABs

The fluorescence properties of the molecular photoswitches in their free state were
investigated by steady state and time-resolved fluorescence measurements in the presence and
absence of UV irradiation. The fluorescence maximum for Azo-LL-Tyr (UV/no UV) and
Azo-DD-Tyr (UV/no UV) is centered at 400 nm, while Azo-LD-Tyr present a shoulder at
400 nm and maximum at 445 nm (Fig. S22). We speculate that the different spatial
distribution of the substitution patterns in the Azo-LD-Tyr configuration may cause distortion
of the symmetry and therefore partial changes in the transition dipole moment of the excited
state level of the fluorophore resulting in a shift of the emission maximum toward longer

wavelengths.
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Figure S22. Fluorescence spectra of Azo-LL-Tyr (UV/no UV), Azo-DD-Tyr (UV/no UV)
and Azo-LD-Tyr (UV/no UV) at 298 K. Aexc: 320 nm.

Fluorescence quantum vyields (¢f) were calculated according to the comparative method of
Williams using Hoechst 33258 (¢s: 3.4 %) as standard reference (Table S1).°

Table S1. Calculated PLQY for each photochrome in the presence and absence of UV
irradiation.

Sample 91 (%)
Azo-LL-Tyr (no UV) 0.1
Azo-LL-Tyr (UV) 0.05
Azo-DD-Tyr (no UV) 0.05
Azo-DD-Tyr (UV) 0.06
Azo-LD-Tyr (no UV) 0.07
Azo-LD-Tyr (UV) 0.05

Time-Correlated Single Photon Counting (TCSPC)

The PL decay traces for Azo-LL-Tyr (UV/no UV), Azo-DD-Tyr (UV/no UV) and Azo-LD-
Tyr (UV/no UV) systems were fitted using double exponential function, with the sum of two
amplitudes normalized to unity. Then the averaged fluorescence lifetimes were calculated
according to Eq. 5:

YAt}

=50 5)
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where A is the i-th relative amplitude and 7; is the i-th component of fluorescence lifetime,
respectively.
The derived averaged lifetime values were used to estimate the radiative (k;) and non-

radiative (K,) decay rates by using the following equations:

S (6)
T e + kny
<T>= 1 7
Tk tky @)

The fluorescence decay profile for each studied system and the relative photophysical
parameters are shown in Figure S23-25 and Table S2. Each photochromic units studied can be
properly described by using a double exponential function which can be the outcome of the
presence in solution of at least two well-defined stable isomeric geometries (trans and cis
configurations). It turns out that being the relative population of the excited state energy level
not degenerate a different decay profile of the lifetime of the excited state can occur leading to

a complex and at least bi-exponential deactivation pathway.

T T g T u T u I T T T g T u T u I T
1 n AzoLL-Tyr(UV) | 1 1 » Azo-LL-Tyr (+UV) | 1
F Theoretical fit F Theoretical fit

3 3
5 8
1 1
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T T
@ @
N N
© w©
E 0.1 E 0.1
5 5
=z =z

1 1 n 1 1 1

10 20 30 40 10 20 30 40
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Figure S23. A) Fluorescence decay curves of Azo-LL-Tyr (no UV) and B) Azo-LL-Tyr
(UV). The red line corresponds to bi-exponential fitting curve. Aexc = 375 nm.
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Figure S24. A) Fluorescence decay curves of Azo-DD-Tyr (no UV) and B) Azo-DD-Tyr
(UV). The red line corresponds to biexponential fitting curve. Age = 375 nm.
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Figure S25. A) Fluorescence decay curves of Azo-LD-Tyr (no UV) and B) Azo-LD-Tyr
(UV). The red line corresponds to biexponential fitting curve. Aec = 375 nm.

Table S2. Photophysical data for Azo-LL-Tyr (UV/no UV), Azo-DD-Tyr (UV/no UV) and

Azo-LD-Tyr (UV/no UV).

T1 T2 Aq A; <t> Kr Knr
Systems:
ns ns % % ns (x1057)  (x10%™7)

Azo-LL-Tyr (noUV)  0.46 410 251 749 3.97 2.32 2.52
Azo-LL-Tyr (UV) 050 4.18 29.0 71.0 4.00 1.09 2.49
Azo-DD-Tyr (noUV) 046 395 6.6 934 3.92 1.19 2.55
Azo-DD-Tyr (UV) 053 400 11.1 889 39 1.63 2.54
Azo-LD-Tyr (no UV) 101 486 204 79.6 4.65 1.39 2.15
Azo-LD-Tyr (UV) 127 477 163 837 459 1.01 2.18

71 and 7 lifetime decay components, A; and Aj: relative amplitudes with their sum
normalized to unity, <t>: average lifetime, k,: radiative decay rate, and k,: nonradiative decay

rate.
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Spectral overlap between HSA and the photochromes
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Figure S26. Emission spectra of Azo-LL-Tyr (no UV), Azo-DD-Tyr (no UV), Azo-LD-Tyr
(no UV) and free HSA. Agxc: 320 nm.
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Figure S27. A) Fluorescent spectra changes of HSA upon addition of Azo-DD-Tyr (no UV)

(0-10 uM). B) Fluorescent spectra changes of HSA upon addition of Azo-LD-Tyr (no UV)
(0-10 uM).
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Figure S28. A) Fluorescent spectra changes of HSA upon addition of Azo-LL-Tyr (UV) (0-
10 uM). B) Fluorescent spectra changes of HSA upon addition of Azo-DD-Tyr (UV) (0-10
uM). C) Fluorescent spectra changes of HSA upon addition of Azo-LD-Tyr (UV) (0-10 uM).

Stern-Volmer analysis

It is known that the quenching mechanisms encountered in the study of biological systems can
be properly described by using the Stern-Volmer analysis.’® The nature of quenching is
usually classified as either dynamic or static.® Dynamic quenching results from the diffusive
collisions of the excited fluorophore and the quencher, whereas static quenching is usually
observed when the fluorophore and the quencher form a stable non-fluorescent ground-state
complex.” In order to distinguish between these two different types of mechanism we

processed our data using the following equation:*°
Fo
F =1+ quO[Q] =1+ KS‘U[Q] (8)

where Fo and F are the emission intensities of the protein in absence and presence of the
photochrome, kq is the bimolecular quenching rate constant, to is the average excited-state
lifetime of HSA taken as 3.53 ns,** Ky is the Stern-Volmer constant and [Q] is the
concentration of the ABs.
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Figure S29. A) Stern-Volmer plot of the fluorescence quenching of the Azo-DD-Tyr (no
UV)-HSA (black squares) and Azo-DD-Tyr (UV) (red circles) systems. B) Stern-VVolmer plot
of the fluorescence quenching of the Azo-LD-Tyr (no UV)-HSA (black squares) and Azo-
LD-Tyr (UV) (red circles) systems.

The linear behavior of the Stern-Volmer plots suggests that a single class of fluorophore-

quencher takes part in the association process (Fig. S29).

Evidence for a static quenching mechanism was provided by calculating the bimolecular
quenching rate constants of the complexed protein. As shown in Table S3, the ky values were
found to be in the order of 10 M™ s, These values are much higher than the maximum
diffusion collisional quenching rate of various quenchers with biopolymers whose limit is
close to = 2.0 x 10'® M? s, and thus unambiguously emphasize the static nature of the
quenching encountered.°

Table S3. Stern-Volmer (Ks,) and bimolecular quenching rate constants (kq) for Azo-LL-Tyr
(UV/no UV), Azo-DD-Tyr (UV/no UV) and Azo-LD-Tyr (UV/no UV)-HSA systems.

Ko (MT)

Kq (M*s™

Azo-LL-Tyr (no UV)
Azo-LL-Tyr (UV)
Azo-DD-Tyr (no UV)
Az0-DD-Tyr (UV)
Azo-LD-Tyr (no UV)
Azo-LD-Tyr (UV)

(6.1+0.2) x 10"
(3.3+0.3) x 10
(5.0 + 0.3) x 10*
(3.1+0.2) x 10*
(5.3+0.3) x 10*
(3.3+0.2) x 10

(1.7£0.2) x 107
(0.9 +0.3) x 10"
(1.4 +0.3) x 10"
(0.9+0.2) x 10"
(1.5+0.3) x 10"
(0.9+0.2) x 105
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Modified Stern-Volmer equation

The changes occurring in the intrinsic fluorescence intensity of the protein upon complexation
gave the opportunity to calculate the association constants and the number of binding sites. In

order to accomplish this task the modified Stern-Volmer equation was used (Fig. $30-31):°

B _ 1 1 ©
(FO - F) - bea[Q] fa

where Ky, is the association constant and f, is the fraction of the fluorophore accessible to the

quencher i.e. the number of binding sites.
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Figure S30. Modified Stern-Volmer plots of the A) Azo-LL-Tyr (no UV)-HSA, B) Azo-DD-
Tyr (no UV)-HSA and C) Azo-LD-Tyr (no UV)-HSA association systems.
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Figure S31. Modified Stern-Volmer plots of the A) Azo-LL-Tyr (UV)-HSA, B) Azo-DD-
Tyr (UV)-HSA and C) Azo-LD-Tyr (UV)-HSA association systems.
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The plot of Fo/AF vs. the inverse of the AB concentration is linear and provides the following
values of association constant (K,) and binding sites (f,): Azo-LL-Tyr (no UV)-HSA: Ky:
(1.4 +0.2) x 10°M™* and f;: 1.3; Azo-DD-Tyr (no UV)-HSA: Ky: (6.8 + 0.4) x 10°M™ and f,:
1.2 Azo-LD-Tyr (no UV)-HSA: Ky: (9.3 + 0.2) x 10* M™ and f.: 1.4; Azo-LL-Tyr (UV)-
HSA: Ky: (3.5 +0.2) x 10°M™ and f,: 0.9; Azo-DD-Tyr (UV)-HSA: Ky: (1.1 +0.3) x 10*M™*
and f.: 0.8; Azo-LD-Tyr (UV)-HSA: Kp: (1.7 £ 0.2) x 10°M™ and f,: 0.8. These values are in
good agreement with those calculated by absorption spectroscopy.

FOrster resonance energy transfer (FRET)

The absorption spectrum of Azo-LL-Tyr (UV/no UV), Azo-DD-Tyr (UV/no UV) and Azo-
LD-Tyr (UV/no UV) overlap with the emission spectrum of HSA suggesting the existence of
energy transfer (FRET) from Trp-214 (donor) to the photoswitches (acceptor) (Fig. S32-33).
Briefly, we first calculated the J integral for each photochrome (UV/no UV)-HSA system by

using the equation:*°

Jy Fp(D)ea(DA*dA

I =R

(10)

where Fp() is the corrected fluorescence intensity of the Trp-214 residue in the wavelength
range from A to A + AL and &(1) is the extinction coefficient of the acceptor at each A.

The calculated values were then used to estimate the critical energy transfer distance defined

as: 10

R$ =8.79 x 107 25K?n~*@] (11)

where K3 is the orientation factor related to the geometry of the donor and acceptor dipoles in
random orientation and its values is taken as 2/3, n is the average refractive index of the

media and ¢ is the fluorescence quantum yield of the donor (pusa: 0.118).*

Finally, we determined the average distance between the D and the A (r) and the relative
efficiency of transfer (E) from the difference in the emission profile of each HSA-

photochrome system according to the following equation:*°
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= 12
F() Rg + r° ( )
The calculated parameters are reported in Table S4.

Table S4. Overlap integral (J), critical distance (Ro), efficiency of energy transfer (E), average
D-A distance (r) and rate constant of energy transfer (kgt) calculated according to the FRET
theory.

J(x10"em’M") Ro(nm) E r(nm)  ker (x 107s™T)
Azo-LL-Tyr (noUV)  1.87 2.72 024  3.39 7.56
Azo-LL-Tyr (UV) 0.78 2.35 0.18  3.16 4.79
Azo-DD-Tyr (no UV)  1.26 2.54 022 3.0 7.08
Azo-DD-Tyr (UV) 0.73 2.33 0.19  3.07 5.41
Azo-LD-Tyr (no UV)  1.81 2.71 0.21 3.48 6.32
Azo-LD-Tyr (UV) 0.66 2.29 0.15 323 3.60

According to the FRET theory the rate of energy transfer can be calculated by using the
following equation:*

R 6
kET = T_l X (TO) (13)
where thsa = 3.53 ns.*! The derived values reported in Table S4 indicate that the non-radiative

energy transfer can efficiently compete with the radiative deactivation of the tryptophan

residue.
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Figure S32. Overlap between the HSA emission spectrum and A) Azo-DD-Tyr (no UV) and

B) Azo-LD-Tyr (no UV) absorption spectrum. r: [HSA] / [Azo-DD-Tyr or Azo-LD-Tyr] (no
uv)] =1
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Figure S33. Overlap between the HSA emission spectrum and A) Azo-LL-Tyr (UV), B)
Azo0-DD-Tyr (UV) and C) Azo-LD-Tyr (UV) absorption spectrum. r: [HSA] / [ Azo-LL-Tyr
or Azo-DD-Tyr or Azo-LD-Tyr] (UV)] = 1.
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Figure S34. A) Plot of the fluorescent site-markers displacement assay. Blue curve: Azo-DD-
Tyr (UV)-HSA-Warfarin; black curve: Azo-DD-Tyr (no UV)-HSA-Digitoxin; red curve:
Azo-DD-Tyr (no UV)-HSA-Warfarin and green curve: Azo-DD-Tyr (UV)-HSA-Digitoxin.
B) Blue curve: Azo-LD-Tyr (UV)-HSA-Warfarin; black curve: Azo-LD-Tyr (no UV)-HSA-
Digitoxin; red curve: Azo-LD-Tyr (no UV)-HSA-Warfarin and green curve: Azo-LD-Tyr
(UV)-HSA-Digitoxin. F; and F, are the fluorescence intensities of HSA-drugs in the absence
and presence either of Azo-DD-Tyr or Azo-LD-Tyr (UV/no UV), respectively, at different
molar ratios.
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CD spectra of the photochromes
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Figure S35. CD spectra for A) Azo-LL-Tyr (UV/no UV), B) Azo-DD-Tyr (UV/no UV) and
C) Azo-LD-Tyr (UV/no UV).
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Figure S36. CD spectral change of A) Azo-DD-Tyr (UV) and B) Azo-LD-Tyr (UV) in the
presence of incremental addition of HSA (0-50 uM).
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HSA structural components
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Figure S37. CD spectra of HSA in its free state and complexed form by A) Azo-LL-Tyr (no
UV), B) Azo-DD-Tyr (no UV) and C) Azo-LD-Tyr (no UV). [HSA] 1 uM. r=2, 4, 6, 8 and
10.
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Figure S38. CD spectra of HSA in its free state and complexed form by A) Azo-LL-Tyr
(UV), B) Azo-DD-Tyr (UV) and C) Azo-LD-Tyr (UV). [HSA] 1 uM.r=2, 4, 6, 8 and 10.

Table S5. Secondary structure variations of the native HSA upon complexation with the
photochromes at different molar ratios (r). r = [Photochrome (UV/no UV)] / [HSA free].

a-helix (%) B-sheet (%)
HSA (free) 64.18 7.30 r=0
Azo-LL-Tyr (no UV) 63.54 7.51 r=2
Azo-LL-Tyr (no UV) 62.67 7.66 r=4
Azo-LL-Tyr (no UV) 61.59 8.06 r=6
Azo-LL-Tyr (no UV) 60.74 8.36 r=38
Azo-LL-Tyr (no UV) 59.89 8.55 r=10
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Azo-LL-Tyr (UV) 60.38 8.10 r=2
Azo-LL-Tyr (UV) 59.63 8.42 r=4
Azo-LL-Tyr (UV) 59.45 8.85 r=6
Azo-LL-Tyr (UV) 58.75 8.95 r=8
Azo-LL-Tyr (UV) 57.93 9.21 r=10
Azo-DD-Tyr (no UV) 64.01 7.35 r=2
Azo-DD-Tyr (no UV) 63.93 7.37 r=4
Azo-DD-Tyr (no UV) 63.86 7.43 r=6
Azo-DD-Tyr (no UV) 63.72 7.49 r=38
Azo-DD-Tyr (no UV) 63.63 7.53 r=10
Azo-DD-Tyr (UV) 63.6 7.46 r=2
Az0-DD-Tyr (UV) 62.8 7.58 r=4
Azo-DD-Tyr (UV) 62.3 7.62 r=6
Azo-DD-Tyr (UV) 61.9 7.74 r=8
Azo-DD-Tyr (UV) 61.7 7.99 r=10
Azo-LD-Tyr (no UV) 64.07 7.36 r=2
Azo-LD-Tyr (no UV) 63.93 7.42 r=4
Azo-LD-Tyr (no UV) 63.35 7.45 r=6
Azo-LD-Tyr (no UV) 63.08 7.47 r==8
Azo-LD-Tyr (no UV) 63.01 7.47 r=10
Az0-LD-Tyr (UV) 60.55 8.43 r=2
Azo-LD-Tyr (UV) 59.63 8.63 r=4
Azo-LD-Tyr (UV) 59.32 8.83 r=6
Az0-LD-Tyr (UV) 59.12 8.84 r=8
Azo-LD-Tyr (UV) 53.87 9.11 r=10
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