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Abstract

The field of optogenetics is rapidly growing in relevance and number of developed tools. Amongst other things, the optogenetic

repertoire includes light-responsive ion channels and methods for gene regulation. This review will be confined to the optogenetic

control of gene expression in mammalian cells as suitable models for clinical applications. Here optogenetic gene regulation

might offer an excellent method for spatially and timely regulated gene and protein expression in cell therapeutic approaches.

Well-known systems for gene regulation, such as the LOV-, CRY2/CIB-, PhyB/PIF-systems, as well as other, in mammalian

cells not yet fully established systems will be described. Advantages and disadvantages with regard to clinical applications are

outlined in detail. Among the many unanswered questions concerning the application of optogenetics, we discuss items such

as the use of exogenous chromophores and their effects on the biology of the cells and methods for a gentle, but effective gene

transfection method for optogenetic tools for in vivo applications.
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(1.8 h)

Chromophore:      Cell lines: 

FMN/FAD

In
fr

ar
ed

(I
R

)
U

lt
ra

vi
o

le
t

(U
V

)
4

0
0

 n
m

5
0

0
 n

m
6

0
0

 n
m

7
0

0
 n

m

660 nm

740 nm

450 nm

BphP1 - bacterial phytochrome P1  PpsR2 - transcriptional regulator  TF - transcription factor  DBD - DNA binding domain  BV – biliverdin  PhyB - phytochrome B 
PIF - phytochrome interacting factor  PCB - phycocyanobilin  CarH - carotenogenic transcription factor  CarO - carotenogenic operator  AdoB12 - 5'-deoxyadenosylcobalamin
Cry2 - cryptochrome circadian regulator 2  CIB - cryptochrome-interacting basic-helix-loop-helix 1  FMN - flavin mononucleotide  FAD - flavin adenine dinucleotide 
LOV - light oxygen voltage  J - alpha-helix at C-terminus of LOV  EL222 - erythrobacter litoralis asLOV2 - light oxygen voltage domain of avena sativa  
FKF - flavin-binding kelch repeat F-box1  GI - gigantea  VVD - vivid  Gal4 - galactose-responsive transcription factor  PYP - photoactive yellow protein  
CREB - cyclic AMP response element binding protein  pMag - positive magnet  nMag - negative magnet  UVR8 - ultra violet resistance 8  COP1 - constitutive photomorphogenic 1 
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