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Photocontrol of biological systems
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Taken from: B. L. Feringa and coworkers, Chem. Rev. 2013, 113, 6114-6178.
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Classical targets of antibacterial active compounds
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Taken from: C. Walsh, Nat. Rev. Microbiol. 2003, 1, 65-70.
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Antibiotic resistances

Causes:
- evolutionary pressure (only low levels of preexisting antibiotic-
resistant bacteria before the widespread use of antibiotics)
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Antibiotic resistances
Causes:

- evolutionary pressure (only low levels of preexisting antibiotic-
resistant bacteria before the widespread use of antibiotics)
Mechanisms:

- druq inactivation (e.g., B-lactamase)
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Antibiotic resistances

Causes:
- evolutionary pressure (only low levels of preexisting antibiotic-
resistant bacteria before the widespread use of antibiotics)

Mechanisms:
- druq inactivation (e.g., B-lactamase)
- alteration of target side (e.g., alteration of PBP)
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Antibiotic resistances

Causes:
- evolutionary pressure (only low levels of preexisting antibiotic-
resistant bacteria before the widespread use of antibiotics)

Mechanisms:

- druq inactivation (e.g., B-lactamase)

- alteration of target side (e.g., alteration of PBP)

- alteration of metabolic pathway (e.g., no PABA required)
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Antibiotic resistances

Causes:
- evolutionary pressure (only low levels of preexisting antibiotic-
resistant bacteria before the widespread use of antibiotics)

Mechanisms:

- druq inactivation (e.g., B-lactamase)

- alteration of target side (e.g., alteration of PBP)

- alteration of metabolic pathway (e.g., no PABA required)
- reduced druq accumulation (e.g., increased efflux)
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Antibiotic resistances

Causes:
- evolutionary pressure (only low levels of preexisting antibiotic-
resistant bacteria before the widespread use of antibiotics)

Mechanisms:

- druq inactivation (e.g., B-lactamase)

- alteration of target side (e.g., alteration of PBP)

- alteration of metabolic pathway (e.g., no PABA required)
- reduced druq accumulation (e.g., increased efflux)

One Example:
- S. Loewenberg; India reports cases of totally drug-
resistant tuberculosis; The Lancet 2012, 379, 205.
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Photopharmacology
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Taken from: B. L. Feringa and coworkers, J. Am. Chem. Soc. 2014, 136, 2178-2191.
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Development of the photoswitchable agents
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Taken from: B. L. Feringa and coworkers, Nat. Chem. 2013, 5, 924-928.
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UV properties of photoswitchable agent
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Taken from: B. L. Feringa and coworkers, Nat. Chem. 2013, 5, 924-928.
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Syntheses of the photoswitchable agents
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Taken from: B. L. Feringa and coworkers, Nat. Chem. 2013, 5, 924-928.
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Control of bacterial growth with photoswitchable agents

2 without irradiation (95% trans isomer)

1.0 | = 0 pg mH
= 4 g mi!
R' 0 © E 0a| [+ 8rgmH *
R OH g | |*16ugmH R e
| - + 32 pg m1 QRS O st
3 | T -
R rl\l P:" 0.6 4 B4 pg r“|I‘1
R* RS &
[ak]
Z 044
(1]
[
=
(=9
o o o o © 0.2
oH W R OH |
‘,N‘.‘N | ) hll;;- | 0.0 T T T T T T T |0I P E— T
R™ SN N Vis.keT N N irradiation at 365 nm (89% cis isomer)
frans K cis k
1.0 | = OpgmH
~ ] | =4 pgmr!
E A -1 7
e oE i il
S 16 g - il I
@A j@A \©\A e * 324g mH" I"""i!!llll' i
= 0.6 |«64pgmH! !l"l ““
g
S 04
[14]
_U
7@[\ J@’\ :
L
9
) 0.0
0 2 4 6 8 10 12
Time (h}

Taken from: B. L. Feringa and coworkers, Nat. Chem. 2013, 5, 924-928.
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Biological activity of the photoswitchable agents

Table 1 | Trans:cis ratios in water and MIC values of the non-
irradiated and irradiated photoswitchable quinolones 1-9.

©  Compound Non- Non- Irradiated Irradiated
I irradiated irradiated (trans:cis) MIC
(trans:cis ) MIC (pg mi™
(pgml™

1 100:0 8 15:85 16
2 95:5 >64°(16")  11:89 16(2")
3 100:0 ~64" 40:60 >64"
a 100:0 >64" 48:52 32
5 919 16 34:66 16
6 100:0 >64" 29:71 64
7 96:4 64" 41:59 32
8 937 16 46:54 16
9 100:0 64 44:56 64

The largest difference in activity between the irradiated and non-irradited antibiotic was observed
for compound 2 on E coli CS156 and was also confirmed for M. kteus

*MIC values were determined up to 64 pg m 1 due to limited solubility

MIC walues determined for M lufsus.

Taken from: B. L. Feringa and coworkers, Nat. Chem. 2013, 5, 924-928.
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Thermal cis-trans isomerization of the photoswitchable agent

Thermal cis-trans isomerization of compound 2
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Taken from: B. L. Feringa and coworkers, Nat. Chem. 2013, 5, 924-928.
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Auto-inactivation of the photoswitchable agent

Compound 2 activated at 365 nm at different times before incubation
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Taken from: B. L. Feringa and coworkers, Nat. Chem. 2013, 5, 924-928.
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Pharmacodynamic study with the photoswitchable agent

Bacteria incubated with compound 2 under different conditions
0.6

m 40 pg mk1 cis switched to trans after 30 min
a 40 pg m1 ¢is switched to trans after 0 min
e 40 ug mk1 cis

¥ No antibiotic

0.4

WA
e
W
-,
-
HEH 1
HEH 4
HH
HH
I
HH
L
HE

Optical density at 600 nm
-

0.2 12
i
i:

TH i
!=!=;¢n4¢iitiii=!!t:t*=
TLLLED )
0 | 2 | 4
Time (h)

0.0

Taken from: B. L. Feringa and coworkers, Nat. Chem. 2013, 5, 924-928.
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Bacterial patterning with light

Agar plate with compound 2 was incubated under light (365 nm)
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Taken from: B. L. Feringa and coworkers, Nat. Chem. 2013, 5, 924-928.
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Photoswitches introduced into biomolecules

Photoswitches Isomerization dalrg polarity change
A | Azobenzenes 4 UVIVIS medum
(AT) {Ag=~-3
B | Stilbenes CUVIUY small
C | Sprropyrans UVAVIS large
(ATyor {Au=8-15
VISAIY
D | Diarylethenes UVAVES small
E | Thiophencfulgides TUVAVIS small
F  Hemithioindigos VISVIS medium
(AT} {Au=-1.61

Taken from: B. L. Feringa and coworkers, Chem. Rev. 2013, 113, 6114-6178.
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Synthesis of azobenzenes (l)
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Synthesis of azobenzenes (ll)
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Taken from: E. Merino, Chem. Soc. Rev. 2011, 40, 3835-3853.
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Bacterial growth

La
pha%e

Log of numbers of bacteria

Time

APS 18/02/2014 - Photocontrol of biological systems - Optical control of antibacterial activity (Literature Talk) 23



