Supporting Information
for

Synthesis and testing of the first azobenzene mannobioside as photoswitchable
ligand for the bacterial lectin FimH
Vijayanand Chandrasekaran, Katharina Kolbe, Femke Beiroth and Thisbe K. Lindhorst*

Address: Christiana Albertina University of Kiel, Otto Diels Institute of Organic Chemistry,
Otto-Hahn-Platz 3/4, D-24098 Kiel, Germany, Fax: +49 431 8807410

E-mail: Thisbe K. Lindhorst - tklind@oc.uni-kiel.de

*Corresponding author

Photoisomerization studies, UV–vis spectra, NMR spectra,
bioassay and docking results

Table of contents
1. Data of photoisomerisation ............................................................................................ S2
UV–vis spectra of thermal (Z)-6(E)-6 relaxation .......................................................... S2
UV–vis spectra of thermal (Z)-2(E)-2 relaxation.......................................................... S3
1

H and 13C NMR spectra of (E)-6 and (Z)-6 .................................................................... S4

1

H and 13C NMR spectra of (E)-2 and (Z)-2 .................................................................... S5

2. Bioassays ......................................................................................................................... S6
3. Docking studies ............................................................................................................... S8
4. References ..................................................................................................................... S12

S1

1.

Data of photoisomerization

Photoirradiation experiments were carried out at room temperature by using 365 nm LED lights
(Product Number: NC4U133A) from Nichia Corporation (NJSE107) with power dissipation
1.4 W and luminous flux 44 [lm]. Photoisomerization experiments with compound 6 were
performed in DMSO and with compound 2 in water. Upon irradiaton, the photostationary state
(PSS) was within 10 min for both compounds, as observed by UV–vis spectroscopy, The EZ
isomerisation process is reflected by a decrease of the π–π* transition and an increase in the n–π*
transition band.
The kinetics of the Z→E relaxation process was determined by UV–vis spectroscopy in the dark.
For determination of the rate constants, a graph of ln(A∞−At) was plotted as a function of time;
where A∞ is the absorbance of the π–π* transition at infinitive time and At is the absorbance at
time t after the relaxation process was started. The negative slope k of the linear plot is the rate
constant of the Z→E relaxation process. The half life 1/2 as 1/2 = ln 2/k.

Figure S1: UV–vis spectra of thermal ZE relaxation of mannoside 6 in DMSO (50 µM) at
18 ± 1 °C.
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Figure S2: UV–vis spectra of thermal ZE relaxation of the mannobioside 2 in water (65 µM)
at 18 ± 1 °C.
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Figure S3: 1H NMR spectra of (E)-6 and (Z)-6 in DMSO-d6 (500 MHz).

Figure S4: 13C NMR spectra of (E)-6 and (Z)-6 in DMSO-d6 (125 MHz).
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Figure S5: 1H NMR spectra of (E)-2 and (Z)-2 in D2O (500 MHz).

Figure S6: 13C NMR spectra of (E)-2 and (Z)-2 in D2O (125 MHz).

S5

2. Bioassays
Media and buffer solutions: Carbonate buffer solution (pH 9.6): sodium carbonate (1.59 g) and
sodium hydrogen carbonate (2.52 g) were dissolved in double-distilled water (1.00 L). PBS
buffer solution (pH 7.2): sodium chloride (8.00 g), potassium chloride (200 mg), sodium
hydrogen phosphate dihydrate (1.44 g) and potassium dihydrogenphosphate (200 mg) were
dissolved in double-distilled water (1.00 L). PBST buffer solution (pH 7.2): PBS buffer + 0.05%
v/v Tween® 20. LB medium: tryptone (10.0 g), sodium chloride (10.0 g) and yeast extract
(5.00 g) were dissolved in distilled, deionised water (1.00 L); after autoclaving, ampicillin
(100 mg) and chloramphenicol (50.0 mg) were added. pH values were adjusted by using 0.1 M
HCl or 0.1 M NaOH.
Cultivation of bacteria: E. coli bacteria (strain pPKL1162) [1] were grown on LB medium
overnight at 37 °C in a sterilized tube. After centrifugation and washing with PBS buffer
(2 × 2.00 mL) the bacteria pellet was suspended to a concentration of 2.00 mg/mL in PBS buffer.
GFP assay: The published assay [2] was adapted and modified as follows: Black (nunc
Maxisorp) plates were treated with a solution of mannan from Saccharomyces cerevisiae
(1.2 mg/mL in carbonate buffer, pH 9.5; 100 μL/well) and allowed to dry at 37 °C overnight.
The plates were washed with PBST (3 × 150 μL/well). Before use the wells were blocked with
BSA (5% in PBS, 120 μL/well) for 2 h at 37 °C and then washed with PBST (3 × 150 μL/well).
Serial dilutions of the examined inhibitor mannobioside 2 ((E)- or (Z)-configured, respectively)
were prepared in the plates (50 µL/well). The bacteria suspension (2 mg bacteria/mL,
50 μL/well) was added and the plates were agitated (80 rpm) and incubated for 1 h at 37 °C.
After washing with PBS (2 × 150 μL) the wells were filled with PBS (100 μL/well) and the
fluorescence intensity (485 nm/535 nm) was determined.
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Figure S7: Inhibition curves obtained in inhibition of adhesion of E. coli to a mannan-coated
surface. The isomers (E)- and (Z)-2 were tested on one microtiter plate together with pNPMan.
The sigmoidal concentration–response curves were fitted by nonlinear regression.
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Figure S8: Inhibition curves obtained in inhibition of adhesion of E. coli to a mannan-coated
surface. The isomers (E)- and (Z)-2 were tested on one microtiter plate together with MeMan.
The sigmoidal concentration–response curves were fitted by nonlinear regression.
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3. Docking studies
Computer-aided docking was performed by using FlexX flexible docking and consensus scoring,
as implemented in Sybyl 6.9 [3] as described previously [4]. Docking was based on two
published X-ray structures of the bacterial lectin FimH [5] (1KLF (open-gate) and 1UWF
(closed-gate structure)). The torsion angle of the azobenzene moiety was manually set up to 180°
for the (E)- and to 90° for the (Z)-isomer and then the structures were minimized by using the
Tripos force field and Gasteiger–Hückel charges. Thirty conformations and FlexX scoring values
were obtained for each ligand and listed in Tables S1–S4.
Table S1: Scoring values for docking of E-configured azobenzene mannobioside 2 into the
closed-gate structure of FimH.
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Table S2: Scoring values for docking of E-configured azobenzene mannobioside 2 into the
open-gate structure of FimH.
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Table S3: Scoring values for docking of Z-configured azobenzene mannobioside 2 into the
closed-gate structure of FimH.
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Table S4: Scoring values for docking of Z-configured azobenzene mannobioside 2 into the
open-gate structure of FimH.

S11

4. References
[1]

a) Reisner, A.; Haagensen, J. A. J.; Schembri, M. A.; Zechner, E. L.; Molin, S.,

Mol. Microbiol., 2003, 48, 933-946; b) The GFP-tagged strain pPKL1162 was constructed in the
Klemm group by introduction of the plasmid pPKL174 into strain SAR18; pPKL174 contains
the fim gene cluster, which is required for type 1 fimbriae assembly and expression. The
chromosome of strain SAR18 from the Reisner group contains the GFP gene, controlled by a
constitutive promoter.
[2]

Hartmann, M.; Horst, A. K.; Klemm, P.; Lindhorst, T. K., Chem. Commun. 2010, 46,

330-332.
[3]

Tripos, Inc., SYBYL 6.9, 1699 South Hanley Road, St. Louis, MO 63144-2319.

[4]

Grabosch, C.; Hartmann, M.; Schmidt-Lassen, J.; Lindhorst, T. K. ChemBioChem 2011,

12, 1066-1074.
[5]

a) Hung, C. S.; Bouckaert, J.; Hung, D.; Pinkner, J., Widberg, C.; Defusco, A.; Auguste,

C. G.; Strouse, R.; Langermann, S.; Waksman, G.; Hultgren, S. J. Mol. Microbiol. 2002, 44, 903915.; b) Bouckaert, J.; Berglund, J.; Schembri, M.; De Genst, E.; Cools, L.; Wuhrer, M.; Hung,
C. S.; Pinkner, J.; Slättegård, R.; Zavialov, A.; Choudhury, D.; Langermann, S.; Hultgren, S. J.;
Wyns, L.; Klemm, P.; Oscarson, S.; Knight, S. D.; De Greve, H. Mol. Microbiol. 2005, 55, 441455.

S12

