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Using light to control biological processes
+ Light shows a great degree of orthogonality towards most elements of biochemical
systems.

+ Photons do not cause contamination of the studied object and have low or negligible
toxicity.
+ Light can be delivered with very high spatial and temporal precision

* Light can be regulated in a qualitative and quantitative manner, by adjusting
wavelength and intensity, respectively.
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+ Light can be delivered with very high spatial and temporal precision

+ Light can be regulated in a qualitative and quantitative manner, by adjusting
wavelength and intensity, respectively.
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" Activation with light
High spatiotemporal precision
Regulated dosage
Molecular approach
Examples:
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" Inactivation
Controlled in space and time
Photochemical or thermal process

Inactive drug:

No adverse effects
No environmental toxicity
Does not cause resistance

W.A. Velema, W. Szymanski, B. L. Feringa, J. Am. Chem. Soc. 2014, 136, 2178
J. Broichhagen, J .A. Frank, D. Trauner, Acc. Chem. Res. 2015, 48, 1947
M.M. Lerch, M. J. Hansen, G. M. van Dam, W. Szymanski, B. L. Feringa, Angew. Chem. Int. Ed. 2016, 10978
F. Reessing, W. Szymanski, Curr. Med. Chem. 2017, 24, 4905
M. W. H. Hoorens, W. Szymanski, Trends. Biochem. Sci, under revision

& umee Azobenzene: the main tool

% umce

Photopharmacology

al Photoswitchable drug b} UV-vis spectra

. A
|
|
i
. |
i
i
|
h
i
'
1 |
B, —
frans ¢ 2 L ‘
thermally stable Fhermally unstable Wavelength (mn)
c} Photoisomerisation d) Thermal relaxation
Cone. 55 [eis] gt

= 3 % -
[trans] + [zis] — et

feransi

Irradiation time with A, time

M. W. H. Hoorens, W. Szymanski, Trends. Biochem. Sci, 2018, 43, 567
A. A. Beharry, G. A. Woolley, Chem. Soc. Rev. 2011, 40, 4422-4437

»

Ko or kgt

Activiry

Log{I}

[Hop:

W.A. Velema, W. Szymanski, B. L. Feringa, J. Am. Chem. Soc. 2014, 136, 2178
J. Broichhagen, J .A. Frank, D. Trauner, Acc. Chem. Res. 2015, 48, 1947
M.M. Lerch, M. J. Hansen, G. M. van Dam, W. Szymanski, B. L. Feringa, Angew. Chem. Int. Ed. 2016, 10978
F. Reessing, W. Szymanski, Curr. Med. Chem. 2017, 24, 4905
M. W. H. Hoorens, W. Szymanski, Trends. Biochem. Sci, 2018, 43, 567

fa®

¥ umes Photopharmacology opportunltles

Avoiding severe side-
effects in chemotherapy

© Simon Jarrati/Corbis

= Poor drug selectivity stems from
a drug’s affinity for targets other
than that intended.

» Cytotoxic anti-neoplastic agents
are infamous for their severe
side effects.

Edwards, I. R. et al. Lancet 2000, 356, 1255;
Sawyers, C. L. Nature 2008, 452, 548; Reina J.A.;
Seizure, 2014, 23, 184; Hassett, M. J. et al. J. Natl.
Cancer Inst. 2006, 98, 1108; Ihbe-Heffinger, A. et
al. Support Care Cancer. 2013, 21,1665-1675.

Tackling Antibiotic
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« bacterial resistance stems
from the build-up of antibiotics
in the environment

« one of humanity’s “ticking
time-bombs”

< bacterial infections emerge
that cannot be treated by any
of the known antibiotics

Carlet, J. et al. Lancet 2011, 378, 369; Martinez, J.
L. Science 2008, 321, 365; Goossens, H. et al.
Lancet 2005, 365, 579; Tello, A. et al. Environ.
Health Perspect. 2012, 120, 1100; Kemper, N.
Ecol. Indic. 2008, 8, 1-13
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Photopharmacological chemotherapeutics
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W. Szymanski, M. E. Ourailidou, W. A. Velema, F. J. Dekker, B. L. Feringa
Chem. Eur. J. 2015, 21, 16517-16524
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Histone decaetlases and SAHA

azobenzene in the cap moiety azobenzene in the linker part
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W. Szymanski, M. E. Ourailidou, W. A. Velema, F. J. Dekker, B. L. Feringa
Chem. Eur. J. 2015, 21, 16517-16524

Histone Deacetylases
(HDACGSs)

TUMOR CELL

Figure 3 HDACs as targets for cancer therapy

http://www.ifom-ieo-campus.it/research/chiocca.php

HDACs deacetylate of g-acetylated lysine
residues on histone tails,
— positive charge of the histones
— electrostatic interactions with DNA,
— condensed and transcriptionally silent
chromatin structures.
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SAHA non-selectively inhibits classes I, II
and IV HDACs with a nM scale potency and is
successfully applied as chemotherapeutic
agents for the treatment of hematologic
malignancies

O. Khan, N. B. La Thague, Nat. Clin. Pract. Oncol.
2008, 5, 714-726. P. A. Marks, R. Breslow, Nat.
Biotechnol. 2007, 25, 84-90.

Properties of the best design
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Review on Antimicrobial Resistance. Antimicrobial Resistance: Tackling a Crisis for the Health and Wealth of Nations. 2014

Antibiotics in environment

The quinolone resistance gene gnris
present in the chromosomes of
waterborne bacteria (unknown
function).

After being integrated in plasmids,
where it is constitutively expressed,
gnr contributes to low-level resistance
of its new bacterial host to quinolones.

Contamination of river waters by
quinolones enriches for plasmid-
encoded gqnr genes present in
waterborne bacteria, in such a way
that may allow a first step in the
transfer of this gene to human
pathogens.

Emerg Infect Dis. 2008 Feb; 14(2): 231-237.
Science 2008 Vol. 321 pp. 365-367.

Photocontrol of antimicrobial activity
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Administration Release of drugs
a of drugs into environment
H P » 2on. i
iy o v ;
D— o 0 —0
A) Conventional Pharmacotherapy i Systemic side-effects | Build-up of active drugs
i f 1 £ f
# e H i A oo g‘\
e d B @ | kT
ek — @ 0 1—*@’@——*
5 B) Photopharmacology (UV light) Systemic s:de-e!’lectsj E‘: Minimal buitd-up of active drugs
H | Localized drug activity
E C) Photopharmacology (visible/near-IR light) i Minimal side-effects Minimal build-up of active drugs
Inactive drug g’g Active drug
Agar plate
Nature Chem. 2013, 5, 924 M. Wegener, M. J. Hansen, A. J. M. Driessen, W. Szymanski, B. L. Feringa JACS, 2017, 139, 17979-17986
. , 5, .
e P . we P H H
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Nat. MedICIne 2003, 9, 123 Angew. Chem. Int. Ed. 2016, 55, 13514-13518
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& umee Outlook: orthogonal switching

a) Wavelength-selective uncaging (irreversible)
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- Explaining structure-properties relationships and photoswitching mechanism
- Practical guidelines

General review on DASAs:
M. M. Lerch, W. Szymanski, B. L. Feringa, Chem. Soc. Rev. 2018, 47, 1910

For the invention of DASA, see:
Hawker, Read de Alaniz anc co-workers, J. Am. Chem. Soc. 2014, 136, 8169

DASA switching mechanism:

M. M. Lerch, S. J. Wezenberg, W. Szymanski, B. L. Feringa J. Am. Chem. Soc. 2016, 138, 6344
M. Di Donato, M. M. Lerch et al. J. Am. Chem. Soc 2017, 139, 15596

M. M. Lerch, M. Medved et al. J. Phys. Chem. A 2018, 122, 955
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Outlook: orthogonal switching
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Michael M. Lerch, Mickel J. Hansen, Willem. A. Velema, Wiktor Szymanski, Ben L. Feringa,
Nature Communications 2016, 7, 12054
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Neuronal signaling Hydrolase inhibitors

R gk
_@ 0= { @100 )
NN Ni, 450 v N N A
HO N \= == wo{ Y @Dl
[ = phosostatonasy ate,

(Ereceicoont
L cist 1 (g » 45 b

Zystreres phosiasonary s,

O tmilgan « 175008 trans-PST-1 (inactive) cis-PST-1 (active)

Trauner, Gorostiza, Llebaria,
Wanner, Kramer, Isacoff...

Abell, Decker, Sterner,
Kénig, Uchida...

Thorn-Seshold, Trauner,
Streu, Hartman

Anti-Tuberculosis agents

Insulin secretion
b

lil et

Trauner, Hodson

Kinase inhibitors

farxible. apre form

factive} tinactive)

Andréasson, Grotli, Peifer, Kénig

Branda, Konig



