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Choosing the proper combination of receptor element, cell type and measurable signal requires major 
consideration for developing cell-based biosensors. In order to use physiologically relevant cellular 
responses towards (geno)toxic conditions, information on the mechanism of action and of the expected 
outcome of exposure needs to be considered.  
Two mammalian cells’ signaling pathways acting in response to genotoxic stress were investigated with 
respect to contribute to possible biosensor development: Nuclear factor-κB (NF-κB) and Nuclear factor 
erythroid 2-related factor (NRF2) signaling. NF-κB functions as transcription factor that controls a broad 
range of biological processes connected to anti-apoptotic and inflammatory cellular responses. In the non-
induced state, NF-κB is retained in the cytosol by binding to IκB proteins; upon activation by genotoxins 
IκB is phosphorylated by an ATM-dependent IKK complex and targeted for proteasomal degradation 
thereby liberating NF-κB for translocation to the nucleus where it induces target gene expression. Nrf2 
plays an important role in the antioxidant response pathway. In non-induced state NRF2 is 
cytoplasmatically inhibited by the cytoskeletal Keap1 protein. Oxidative stress conditions lead to Nrf2 
liberation and its nuclear translocation. Nrf2 binding to the ARE (antioxidant response element) region of 
their promoters induces gene expression of target genes coding for antioxidant enzymes protecting the cell 
from oxidative damage. 
 

 
Figure 1: The genotoxic stress-induced NF-κB subpathway and the oxidative stress-induced Nfr2 pathway: 
in the non-induced state the transcription factors NF-κB and Nrf2 are hold in the cytoplasm by their 
inhibitors IκB and Keap1; upon activation the transcription factors are set free from their inhibitory 
proteins and translate to the nucleus where they enhance transcription of their target genes involved in 
inflammation and cellular defense. 
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For monitoring DNA damage dependent signaling in human embryonic kidney cells (HEK/293), the Dual-
Luciferase Reporter (DLR) Assay was used with the reporter plasmids pGL4.32 or pGL4.37 permitting 
NF-κB or Nrf2 controlled induced expression of firefly (Photinus pyralis) luciferase and with the control 
reporter plasmid pRL-CMV providing constitutive expression of sea pansy (Renilla reniformis) luciferase. 
Time and concentration dependent analysis of luminescence induction by the classical NF-κB and ARE 
inducers tumor necrosis factor α (TNF-α) and tert-butylhydroquinone (tBHQ) show induction kinetics to 
be maximal at 5 to 8.5 h of incubation and at 18 h, respectively. For both reporter pathways a concentration 
dependency in luminescence induction by the inducers under investigation was demonstrated over a wide 
concentration range (from 0.3 to 20 ng ml-1 for TNF-α and from 12.5 to 200 µmol l-1 for tBHQ). 
 

   
Figure 2: Dual luciferase assay for tBHQ induced Nrf2 dependent signaling in transiently transfected 
HEK/293 cells after 18 h of incubation with the inducer 
 

  
Figure 3: Dual luciferase assay for TNF-α induced NF-κB dependent signaling in transiently transfected 
HEK/293 cells after 5 h incubation with the inducer. Maximal induction is about 15-fold, half maximal 
induction is achieved with 3.8 ng ml-1 TNF-α 
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