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Light Understand, study and control

biological systems

* non-invasive and bioorthogonal

« temporal control and spatial control




Light-responsive approaches to study biology @Z&?}ngﬁstsL

{ Optogenetics } [Photodynamic therapy (PDT)J [ Photopharmacology ]




Light-responsive approaches to study biology @Z&?}ngﬂstsL

Optogenetics

Genetically introduced protein
photoreceptors

Nat Chem Biol 15, 1183—1190 (2019) 4
Nat Rev Methods Primers 2, 55 (2022)
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[ Photodynamic therapy (PDT)J

Photosensitizers

e
S§Bhoy | regm o

PHOTODYNAMIC THERAPY

PHOTOSENSITISER
DRUG

LIGHT
SOURCE

DESTRUCTION OF
ABNORMAL CELLS

Chem. Soc. Rev., 50, 4185 (2021)
www.skincarenetwork.co.uk/skin-cancer-news/the-science-behind- 5
pdt-how-light-and-photosensitizers-target-skin-cancer-cells/
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{ Photopharmacology }




Photopharmacology = RCTE L
Network

 Photocleavable protecting groups (PPGs) * Photoswitches
= Photocages
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Chem. Eur. J. 2024, 30, 202303999
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Chem. Sci., 2025, 16, 6418.
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Important properties?

* Appropriate uncaging wavelength
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»  High photochemical efficiency
- Rate of release
<> — YT

« Byproducts biocompatible

« Caged compound inactive, stable and biocompatible

ChemPhotoChem 2021, 5, 296; Chem. Sci., 2020, 11, 11672
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« Control activity of a small molecules
Activate drugs locally (targeted activation)
-
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Inactive drug Photoactivation Active drug

ST

Nat. Rev. Chem., 5, 816. (2021); Adv. Drug Deliv. Rev. 171 (2021) 94.
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Photocages: Application examples @ég;:enngﬂsktsL

« Control protein activity
Protein-protein interactions, enzyme activity

Active site

11
Chem. Soc. Rev., 2021,50, 10403.
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« Control cellular signalling
Caged neurotransmitters, hormones, growth factors
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Curr. Opin. Struct. Biol. 2019, 57, 164; ChemBioChem 2025, 26, €202500276
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Photocages: Application examples @égienngﬁsktsL

« Control nucleic acid activity
Control gene expression and translation
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Chem. Soc. Rev., 2021, 50, 13253; ChemPhotoChem 2025, 9, 202500098




Photopharmacology = RCTE L

Network

 Photoswitches
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Chem. Eur. J. 2024, 30, 202303999
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Photoswitches & L

By mechanism type:

Trans/cis isomerization 61T electrocyclization of triene system

Spiropyrans

Azobenzenes

Thermal Type
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(mixed mechanism)

Stilbenes Diarylethenes
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Chem. Sci., 2020, 11, 11672.

By thermal barrier for isomerization:
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Photoswitch properties @EE“?EH%SBL
Network

Thermal stability of metastable state (half-life)
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J. Volarié, W. Szymanski, N. A. Simeth, B. L. Feringa,, Chem. Soc. Rev., 2021, 50, 12377-12449



Photoswitch properties @ZE?EH%SBL
Network

How much of each isomer? (Photostationary state distribution (PSD/PSS)) .K ‘ L\
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J. Volarié, W. Szymanski, N. A. Simeth, B. L. Feringa,, Chem. Soc. Rev., 2021, 50, 12377
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>possible to use visible light (530 and 430 nrrp3
Bleger, D. et al., J. Am. Chem. Soc., 2012, 134, 20597; C. Knie et al., Chem. Eur. J. 2014, 20, 16492.
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Photoswitching efficiency? (Quantum yield)

 Time of irradiation

« Light/laser power

* dependent on switch, wavelength, solvent

19

J. Volarié, W. Szymanski, N. A. Simeth, B. L. Feringa,, Chem. Soc. Rev., 2021, 50, 12377
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Photoswitch properties & L

Stability in physiological conditions

« Solubility
Azobenzenes Spiropyrans
N —_—
® P
Stilbenes Diarylethenes
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J. Volarié, W. Szymanski, N. A. Simeth, B. L. Feringa,, Chem. Soc. Rev., 2021, 50, 12377

20



Scientists
Network

Photoswitch properties o L

Stability in physiological conditions

. Solubility
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J. Volarié, W. Szymanski, N. A. Simeth, B. L. Feringa,, Chem. Soc. Rev., 2021, 50, 12377
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Stability in physiological conditions

« Stability + reversible photoswitching
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J. Volarié, W. Szymanski, N. A. Simeth, B. L. Feringa,, Chem. Soc. Rev., 2021, 50, 12377
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Stability in physiological conditions

« Stability + reversible photoswitching

No ring closing in water
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Spiropyran hydrolysis of one isomer

23
C. Falenczyk et al., Chem. Sci., 2014, 5, 4794; M. Hammarson et al., J. Phys. Chem. B 2013, 117, 13561..



Photoswitch properties: Summary @EE?Z;%SBL

 Thermal stability of metastable state (half-life)

« How much of each isomer? (Photostationary state distribution (PSD/PSS))

 Wavelength?

 Photoswitching efficiency? (Quantum yield)

- Stability in physiological conditions

24



	Default Section
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24


