BRET-based biosensors to monitor real time NF-κB signalling in live cells
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Introduction. Nuclear factor kappa-light-chain-enhancer of activated B-cells (NF-κB) is a family of transcription factors with key roles in regulating the expression of genes involved in immunity, inflammation, proliferation, and cell death. NF-κB pathway activity is typically monitored using downstream, end point assays, such as ELISAs, Western Blotting, or Gene Reporter assays. While informative, these approaches usually do not enable upstream, real-time monitoring of NF-κB pathway activity in live cells. 
Aims. To develop genetically encoded biosensors that enable real time detection of NF-κB signalling in live cells.
Methods. We have developed several NF-κB biosensors based on the phenomenon of bioluminescence resonance energy transfer (BRET), which involves the transfer energy from a donor luciferase to a proximal acceptor fluorophore. Cellular expression of fusion proteins containing BRET-labelled NF-κB pathway members and other proteins of interest allows monitoring of the proximity of the two proteins. Additionally, we have developed an intramolecular NF-κB biosensor which detects NF-κB pathway activation upon conformational change of the biosensor.
Results. Expression of our biosensors in HEK293FT cells show tumour necrosis factor-α (TNF-α) activation of NF-κB signalling, with a t1/2 of 45 mins and plateau at 150 mins. There was no significant difference in the potency of TNF-α-induced NF-κB signalling via our intermolecular biosensor compared to a traditional luciferase reporter assay. We were also able to demonstrate NF-κB signalling via G protein coupled receptor (GPCR) activation, as well as interactions between NF-κB pathway members and GPCR signalling and regulatory proteins.

Discussion. We have developed live cell and real time NF-κB biosensors, which are capable of monitoring canonical TNF-α-induced NF-κB signalling, as well crosstalk between NF-κB pathway members and other signalling pathways.
