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Materials and Methods

Bacterial strains and growth conditions
Bacterial strains used in this study are Pseudomonas aeruginosa PA14 ∆lasI1  and E. coli 
JM109 containing the plasmid pSB1075.2 Both strains were grown in Luria Bertani (LB) 
broth, supplemented with 100 µg/ml gentamicin or 100 µg/ml ampicillin, respectively for P. 
aeruginosa PA14 ∆lasI and E. coli JM109 pSB1075. 

Bioluminescence assay
Overnight cultures of E. coli JM109 pSB1075 were diluted to an optical density (OD) at 600 
nm of 0.02 in LB and 100 µl of the cell suspension was added to 100 µl sterile water 
containing AHLs at the given concentration. To determine the effect of the AHL signaling 
molecules on the receptor LasR after photo-irradiation, stock solutions in DMSO were first 
irradiated at λ=365 nm for 10 minutes, after which the solutions were diluted in LB broth to 
the right concentration, before adding the cell suspension. To measure multiple rounds of 
switching between cis- and trans-isomers, the solutions were sequentially photo-irradiated at 
=365 nm for 10 min using a Spectroline ENB-280C/FE UV lamp, followed by white light 
for 30 min using a Thor Labs OSL1-EC Fiber Illuminator. Next, the samples were irradiated 
for a second time at =365 nm for 10 min. The cell suspensions with or without AHL 
compounds were incubated for 2-3 hours at 30 °C in a white microtiter plate and the 
luminescence was measured at 10 minute intervals using a microtiter plate luminometer 
(Orion L, Berthold detection systems). The maximum luminescence, occurring after 
approximately 1.5 hours, was used to compare the AHL effect on las activity. Measurements 
were performed on two biological replicates, each performed in triplo. The normalized 
average and pooled variance (calculated using equation 1) of the maximum luminescence 
were plotted for each AHL concentration.

Equation 1:  
𝑠2

𝑝 =  
Σ 𝑘

𝑖 = 1(𝑛𝑖 ‒ 1)𝑠2
𝑖

Σ 𝑘
𝑖 = 1(𝑛𝑖 ‒ 1)

RNA isolation and cDNA synthesis
Overnight cultures of P. aeruginosa PA14 ∆lasI were 100-fold diluted in a fresh LB medium 
and grown to an OD600 of 2.5 at 37 °C. The preculture was diluted to an OD600 of 0.5 and 
subsequently the AHLs in DMSO were added to result in the given concentrations. As a 
control, an equal volume of DMSO was used. After 90 minutes of growth, 5 OD units of each 
culture was centrifuged for 15 minutes, 3000 x g at 4 °C. The resulted pellet was resuspended 
in MilliQ water and total RNA was isolated using TRIzol (Life Technologies), followed by 
DNAse treatment using the Turbo DNA-free kit (Ambion). The total RNA concentration was 
measured using a Nanodrop ND-1000; 500 ng of total RNA was used to synthesize cDNA 
using iScript cDNA synthesis kit (Bio-Rad).

Gene expression with qPCR
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The expression of the gene of interest, lasA, and the reference gene rpoD were analyzed using 
qPCR with the primers listed in table S1. A negative control reaction with total RNA was 
analyzed to exclude gDNA contamination. As a PCR mastermix, the SYBR mix (Bioline) was 
used with 0.4 µM primers. Expression levels of the genes of interest of two biological 
replicates, each performed in duplo, were measured with a MiniOpticon system (Bio-Rad) 
and results were corrected for the control sample and normalized against the reference gene.

Table S1 Primers used for gene expression analysis
Primer Sequence 5’-3’ Reference
lasA F TCCTTCGATGCGTCCTAC This work
lasA R GTTGCTCACCTGGATCTG This work
rpoD F TTCCTCGTCGTCCTTCTC This work
rpoD R TCCTGGCCGACTACAATC This work

Pyocyanin assay
Overnight cultures of Pseudomonas aeruginosa PA14 lasI grown in peptone broth (20 g/l 
Bacto Peptone, 10 g/l K2SO4, 1.5 g/l MgSO4) were diluted to an OD600 of 1.0 and grown for 
30 minutes at 37 °C. Subsequently, 50 µM of compound 1 or compound 3, non-irradiated or 
=365 nm light-irradiated were added to the culture and incubated for 2 at 37 °C. Then a 
second dose of 50 µM compound 3, non-irradiated or =365 nm light-irradiated, was added 
and the cultures were incubated for another 3 h at 37 °C. 
The pyocyanin concentration was determined according to a previously published method.3 In 
short, after incubation the cultures were centrifuged, supernatant was filtered using a 0.2 µm 
filter and the pyocyanin production was determined by measuring the absorbance at 690 nm 
using an Agilent 8453 UV-Visible Spectrophotometer. The absorbance was converted to 
pyocyanin concentration using the extinction coefficient of 4310 M-1 cm-1. The results were 
background-corrected by subtracting the signal obtained from a control that was incubated 
with an equal volume of DMSO only.

Photoswitching Experiments Irradiation experiments were performed with a 
Spectroline ENB-280C/FE UV lamp (365 nm) and Thor Labs OSL1-EC Fiber Illuminator 
(white light).

Synthesis General. All chemicals for synthesis were obtained from commercial sources and 
were used as received, unless stated otherwise. Solvents were reagent grade. Thin-layer 
chromatography (TLC) was performed using commercial Kieselgel 60, F254 silica gel plates. 
Flash chromatography was performed on silica gel (Silicycle Siliaflash P60, 40-63 μm, 230-
400 mesh). Drying of solutions was performed with MgSO4 and solvents were removed with 
a rotary evaporator. Chemical shifts for NMR measurements were determined relative to the 
residual solvent peaks (δH 7.26 for CHCl3 and 2.50 for DMSO, δC 77.16 for CDCl3 and 39.52 
for DMSO). The following abbreviations are used to indicate signal multiplicity: s, singlet; d, 
doublet; t, triplet; q, quartet; m, multiplet; brs, broad signal; appt, apparent triplet. HRMS 
(ESI) spectra were obtained on a Thermo scientific LTQ Orbitrap XL. Melting points were 
recorded using a Buchi melting point B-545 apparatus. UV/Vis absorption spectra were 
recorded on an Agilent 8453 UV-Visible Spectrophotometer using Uvasol grade solvents. 
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Trans:cis ratios of compound 2, 3 and 4

Figure S1 Trans:cis ratio of compound 2 at a concentration of 10 mM in DMSO-d6 
before (bottom) and after 365 nm light irradiation (top), determined by 
integration of  the N-H (nr. 17 in molecular structure) signal of compound 2 
using 1H NMR spectroscopy.
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Figure S2 Trans:cis ratio of compound 3 at a concentration of 10 mM in DMSO-d6 
before (bottom) and after 365 nm light irradiation (top), determined by 
integration of the CH2 signal (nr. 15 in molecular structure) of compound 3 
using 1H NMR spectroscopy.
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Figure S3 Trans:cis ratio of compound 4 at a concentration of 10 mM in DMSO-d6 
before (bottom) and after 365 nm light irradiation (top), determined by 
integration of the CH3 signal (nr. 1 in molecular structure) of compound 4 
using 1H NMR spectroscopy.
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UV-vis absorption spectra of compound 2, 3 and 4

Figure S4 UV-Vis absorption spectra of compound 2 at a concentration of 50 μM in DMSO. 
Trans isomer is solid line, cis isomer is dashed line.

Figure S5 UV-Vis absorption spectra of compound 3 at a concentration of 50 μM in DMSO. 
Trans isomer is solid line, cis isomer is dashed line.

Figure S6 UV-Vis absorption spectra of compound 4 at a concentration of 50 μM in DMSO. 
Trans isomer is solid line, cis isomer is dashed line.
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Half-lives of compound 2, 3 and 4 at 30 oC and 37 oC

Figure S7 Changes in absorption at λ = 327 nm of the cis-isomer of compound 2 at a 
concentration of 11 μM in water at 30 oC. Half-life > 10 hours.

Figure S8 Changes in absorption at λ = 327 nm of the cis-isomer of compound 2 at a 
concentration of 7.1 μM in water at 37 oC. Half-life > 10 hours.

Figure S9 Changes in absorption at λ = 323 nm of the cis-isomer of compound 3 at a 
concentration of 38 μM in water at 30 °C. Half-life is 6.8 hours.
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Figure S10 Changes in absorption at λ = 323 nm of the cis-isomer of compound 3 at a 
concentration of 19 μM in water at 37 °C. Half-life is 2.5 hours.

Figure S11 Changes in absorption at λ = 353 nm of the cis-isomer of compound 4 at a 
concentration of 8.6 μM in water at 30 °C. Half-life is 8.9 hours.

Figure S12 Changes in absorption at λ = 353 nm of the cis-isomer of compound 4 at a 
concentration of 11.4 μM in water  at 37 °C. Half-life is 5.8 hours.
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Bioluminescence dose-response curves of compound 1

Figure S13 Bioluminescence observed in the E. coli sensor strain over time, after addition of 
different concentrations of compound 1.
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Reversible photochromism of compounds 2, 3 and 4

Figure S14 Reversible photochromism of compound 2 at a concentration of 50 μM in DMSO.

Figure S15 Reversible photochromism of compound 3 at a concentration of 50 μM in DMSO.

Figure S16 Reversible photochromism of compound 4 at a concentration of 50 μM in DMSO
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Growth curves of E. coli JM109 pSB1075 and P. aeruginosa in the presence 
of compounds 1-3
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Figure S17 Growth curve of E. coli JM109 pSB1075 in the presence of 50 μm of compound 
1-3.

0 2 4 6 8 10 12 14
0

0.1

0.2

0.3

0.4

0.5

Compound 1
Compound 2
Compound 3
No compound

Time - h

O
D6

00

Figure S18 Growth curve of P. aeruginosa in the presence of 50 μm of compound 1-3.
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Pyocyanin Production

500 550 600 650 700 750 800 850

-0.05

0

0.05

0.1

0.15

Compound 1
Compound 3 non-irradiated
Compound 3 365 nm irradiated

Pyocyanin production

Wavelength (nm)

Ab
so

rb
an

ce

Figure S19 UV-Vis absorption spectra of filtered supernatant of P. aeruginosa lasI cultures 
incubated with compound 1 (50 μM), compound 3 (2x50 μM), and compound 3 (2x50 μM), 
exposed to 365 nm light.
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General synthetic scheme
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Synthesis

O

O
H
N

O9
1

(S)-N-(2-oxotetrahydrofuran-3-yl)butyramide (1) Lauroyl chloride (0.46 mmol, 100 mg) was 
dissolved in DCM (5 mL). (S)-(−)-α-Amino-γ-butyrolactone hydrobromide (0.46 mmol, 84 
mg) was added, followed by triethylamine (1.38 mmol, 140 mg), and the resulting solution 
was stirred for 16 h at room temperature. Next, the solution was concentrated in vacuo and the 
residue was dissolved in EtOAc (20 mL). This solution was washed with 1 M aq. HCl (20 
mL) and brine (20 mL) and dried (MgSO4). Removing the solvent in vacuo resulted in 110 
mg (85%) of a white solid. Mp. 140-142 oC.

1H NMR (400 MHz, CDCl3): δ 5.93 (s, 1H), 4.61 - 4.42 (m, 2H), 4.28 (ddd, J = 11.3, 9.3, 5.8 
Hz, 1H), 2.95 - 2.83 (m, 1H), 2.28 - 2.20 (m, 2H), 2.11 (ddd, J = 23.9, 11.6, 8.8 Hz, 1H), 1.69 
– 1.62 (m, 2H), 1.38 – 1.24 (m, 16H), 0.88 (t, J = 6.8 Hz, 3H).
1H NMR spectrum in agreement with published data.4

N
N

O

OH

5
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(E)-4-(phenyldiazenyl)benzoic acid (5) Nitrosobenzene (1.86 mmol, 200 mg) and 4-
aminobenzoic acid (2.05 mmol, 282 mg) were dissolved in acetic acid (15 mL) and the 
mixture was stirred for 16 h at 60 oC. Next, the solution was diluted with water (30 mL) and 
extracted with DCM (30 mL). The organic layer was washed with water (30 mL) and brine 
(30 mL) and dried (MgSO4). After concentrating in vacuo, the solid was recrystallized from 
EtOAc, resulting in 360 mg (85%) of an orange solid.

1H NMR (400 MHz, DMSO-d6): δ 13.22 (brs, 1H), 8.13 (d, J = 8.4 Hz, 2H), 7.98 – 7.88 (m, 
4H), 7.65 – 7.56 (m, 3H).
13C NMR (100 MHz, DMSO-d6): δ 167.1, 154.7, 152.3, 133.3, 132.6, 131.1, 130.0, 123.3, 
123.0.
1H NMR spectrum in agreement with published data.5

N
N

N
H

O OO

2
 

(S)-N-(2-oxotetrahydrofuran-3-yl)-4-(phenyldiazenyl)benzamide (2) Compound 5 (0.42 
mmol, 95 mg) was dissolved in thionyl chloride (2 mL) and the mixture was heated at reflux 
for 2 h. The mixture was concentrated in vacuo and the residue was redissolved in DCM. To 
the solution was added (S)-(−)-α-amino-γ-butyrolactone hydrobromide (0.42 mmol, 76 mg) 
and triethylamine (1.26 mmol, 127 mg) and the mixture was stirred for 16 h at room 
temperature. Next, the solution was concentrated in vacuo and the residue was dissolved in 
EtOAc (20 mL). The organic solution was washed with 1 M HCl (20 mL) and brine (20 mL) 
and dried (MgSO4). Concentrating in vacuo resulted in 120 mg (93%) of an orange solid. Mp. 
229-231 oC.

1H NMR (400 MHz, DMSO-d6): δ 9.16 (d, J = 8.2 Hz, 1H), 8.06 (d, J = 8.5 Hz, 2H), 7.97 
(d, J = 8.5 Hz, 2H), 7.92 (dd, J = 7.6, 2.0 Hz, 2H), 7.66 – 7.58 (m, 3H), 4.81 (apq, J = 9.2 Hz, 
1H), 4.43 (apt, J = 8.1 Hz, 1H), 4.32 – 4.24 (m, 1H), 2.43 – 2.28 (m, 2H).
13C NMR (100 MHz, DMSO-d6): δ175.6, 165.7, 153.9, 152.4, 136.0, 132.5, 130.0, 129.1, 
123.2, 122.9, 65.8, 49.0, 28.4.
HR-MS (ESI, [M+H]+): Calcd. for C17H16N3O3: 310.1186; Found: 310.1186

N
N

OH
O

6

(E)-2-(4-(phenyldiazenyl)phenyl)acetic acid (6) Nitrosobenzene (1.86 mmol, 200 mg) and 4-
aminophenylacetic acid (2.05 mmol, 310 mg) were dissolved in acetic acid (15 mL) and the 
solution was stirred for 16 h at 50 oC. Next, the solution was diluted with water (30 mL) and 
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extracted with DCM (30 mL). The organic layer was washed with water (30 mL) and brine 
(30 mL) and dried (MgSO4). After concentrating in vacuo, the solid was recrystallized from 
EtOAc, resulting in 400 mg (89%) of an orange solid.

1H NMR (400 MHz, DMSO-d6): δ 12.44 (brs, 1H), 7.89 – 7.81 (m, 4H), 7.62 – 7.54 (m, 3H), 
7.47 (d, J = 8.3 Hz, 2H), 3.69 (s, 2H).
13C NMR (100 MHz, DMSO-d6): δ 172.7, 152.4, 151.2, 139.3, 131.9, 131.0, 129.9, 122.9, 
122.9, 40.8.
1H NMR spectrum in agreement with published data.6 

N
N

H
N

O
O

O

3

(S)-N-(2-oxotetrahydrofuran-3-yl)-2-(4-(phenyldiazenyl)phenyl)acetamide (3) Compound 6 
(0.42 mmol, 100 mg) was dissolved in 1,4-dioxane (4 mL) and added to a solution of  (S)-(−)-
α-amino-γ-butyrolactone hydrobromide (0.42 mmol, 76 mg) in water (2 mL). Next, TEA 
(1.25 mmol, 126 mg) and EDC hydrochloride (0.63 mmol, 120 mg) were added, and the 
reaction mixture was stirred for 16 h at room temperature. The mixture was added to EtOAc 
(20 mL) and washed with a 5% aqueous citric acid solution (20 mL) and brine (20 mL) and 
dried (MgSO4). Concentrating in vacuo resulted in 55 mg (40%) of an orange solid. Mp. 222-
224 oC.

1H NMR (400 MHz, DMSO-d6): δ 8.66 (d, J = 7.7 Hz, 1H), 7.85 (dd, J = 13.5, 7.5 Hz, 4H), 
7.62 – 7.53 (m, 3H), 7.47 (d, J = 8.2 Hz, 2H), 4.57 (apq, J = 8.8 Hz, 1H), 4.33 (t, J = 8.1 Hz, 
1H), 4.24 – 4.15 (m, 1H), 3.59 (s, 1H), 2.40 (dd, J = 17.6, 8.9 Hz, 1H), 2.20 – 2.07 (m, 1H).
13C NMR (100 MHz, DMSO-d6): δ 175.7, 170.2, 152.4, 151.1, 140.2, 131.9, 130.6, 129.9, 
122.9, 122.9, 65.7, 48.6, 42.2, 28.7.
HR-MS (ESI, [M+H]+): Calcd. for C18H18N3O3: 324.1343; Found: 324.1341

ON
O

O

7

Methyl 4-nitrosobenzoate (7) Methyl-4-aminobenzoate (3.30 mmol, 500 mg) was dissolved in 
DCM (10 mL) and a solution of oxone (6.60 mmol, 4.10 g) in water (50 mL) was added. The 
resulting biphasic mixture was stirred at room temperature for 3 h. Next, the organic layer was 
separated and the aqueous layer was extracted with DCM (2 x 20 mL). The combined organic 
layers were washed with 1M aqueous HCl (30 mL) and brine (20 mL) and dried (MgSO4). 
Drying in vacuo and recrystallization from ethyl acetate resulted in 431 mg (79%) of a bright 
yellow solid. 
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1H NMR (400 MHz, CDCl3): δ 8.30 (d, J = 8.6 Hz, 2H), 7.94 (d, J = 8.6 Hz, 2H), 3.98 (s, 
3H).
1H NMR spectrum in agreement with published data.7 

N
N

O

O

8
O

Methyl (E)-4-((4-methoxyphenyl)diazenyl)benzoate (8) 
p-Anisidine (0.66 mmol, 81 mg) and compound 7 (0.60 mmol, 100 mg) were dissolved in 
acetic acid (5 mL) and the resulting solution was stirred at 40 oC for 16 h. Next, the solution 
was diluted with water (40 mL) and extracted with DCM (3 x 40 mL). The collected organic 
phases were dried (MgSO4). The solvent was evaporated in vacuo, resulting in 159 mg 
(>95%) of orange crystals. 
1H NMR (400 MHz, CDCl3): δ 8.17 (d, J = 8.6 Hz, 2H), 7.96 (d, J = 9.0 Hz, 2H), 7.91 (d, J = 
8.6 Hz, 2H), 7.03 (d, J = 9.0 Hz, 2H), 3.96 (s, 3H), 3.91 (s, 3H). 
1H NMR spectrum in agreement with published data.8 

N
N

O

OH

9
O

(E)-4-((4-methoxyphenyl)diazenyl)benzoic acid (9) Compound 8 (0.660 mmol, 180 mg) was 
added to a solution of 2.5 M aqueous NaOH (1 mL) in EtOH (15 mL) and the mixture was 
stirred at 60 oC for 16 h. Subsequently, 1M aqueous HCl (30 mL) was added and the mixture 
was extracted with DCM (3 x 20 mL). Removing the solvent in vacuo resulted in 161 mg 
(>95%) of an orange solid. 
1H NMR (400 MHz, DMSO-d6): δ 8.10 (d, J = 8.6 Hz, 2H), 7.93 (d, J = 9.0 Hz, 2H), 7.90 
(d, J = 8.6 Hz, 2H), 7.15 (d, J = 9.1 Hz, 2H), 3.87 (s, 3H). 
1H NMR spectrum in agreement with published data.9 

O

N
N

O

H
N

O

O

4

(S)-N-(2-oxotetrahydrofuran-3-yl)-2-(4-(phenyldiazenyl)phenyl)acetamide (4) Compound 9 
(0.39 mmol, 100 mg) was dissolved in 1,4-dioxane (4 mL) and added to a solution of  (S)-(−)-
α-amino-γ-butyrolactone hydrobromide (0.39 mmol, 71 mg) in water (1 mL). Next, 
triethylamine (0.78 mmol, 118 mg) and EDC hydrochloride (0.59 mmol, 111 mg) were added, 
and this solution was stirred for 16 h at room temperature. The mixture was diluted with 
EtOAc (20 mL) and washed with a 5% aqueous citric acid solution (20 mL) and brine (20 
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mL) and dried (MgSO4). Concentrating in vacuo resulted in 50 mg (30%) of an orange solid. 
Mp. 210-212 oC.

1H NMR (400 MHz, DMSO-d6): δ 9.13 (d, J = 7.5 Hz, 1H), 8.12 – 8.02 (m, 2H), 7.96 – 7.87 
(m, 4H), 7.15 (d, J = 8.7 Hz, 2H), 4.80 (apq, J = 9.3 Hz, 1H), 4.42 (apt, J = 8.6 Hz, 1H), 4.28 
(apq, J = 9.0 Hz, 1H), 3.87 (s, 3H), 2.36 (m, 2H).
13C NMR (100 MHz, DMSO-d6): δ 175.7, 165.8, 162.9, 154.1, 146.7, 135.3, 131.0, 129.0, 
125.4, 125.4, 125.4, 122.6, 115.2, 65.8, 56.2, 49.0, 28.4.
HR-MS (ESI, [M+H]+): Calcd. for C18H18N3O4: 340.1292; Found: 340.1291
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