
Spying on cells

Analyzing and exploiting intracellular processes



assay development –

color-coded reports (Brainbow)

LC3-levels

Ca2+

ROS

Medical application

e.g. EGFR 

overexpression

Cell stress detection systems

Effector mechanisms

e.g. Bax overexpression

Gain insight into
• Signaling Pathways
• Metabolic Networks

• Physiological conditions within the cell
• Cellular reasoning



First eukaryotic biobrick library in the registry
First methodical approach to introduce mammalian cells to iGEM

Framework Tools
• Special promoters
• Protein targeting
• Selection Genes

• mRNA stabilization

Detection Tools – Inducible Promoters
• ROS, Hypoxia, Ca2+…

• Key transcription factors (Signaling, 
Metabolism)

Reporters 
•Brainbrow Approach

• GFP, YFP …
• adjustable reporters

Effectors
• Gene Therapy

• Stem cell differentiation



Framework Tools

•Different efficiencies

• Induction by 
exogenous agents

•Tetracycline
•Streptogramins
•Coumermycin

• Reporters

• Effectors

• Organelle-specific

• mRNA-Stabilization



• Signaling Pathways
• Metabolic Networks

• Physiological conditions within the cell
• cellular reasoning

Differential Gene Expression
• Promoters as signal integration site

Promoter Gene of interest

Promoter GFP GFP

„Natural Promoters“ „Synthetic Promoters“



Promoters as Detectors

Natural Promoters

– Flanking upstream-sequence of Genes with
differential expression under clearly defined
circumstances

Advantage

– The complex signal integration function of the 
natural promoter is preserved

Disadvantage

– Many pathways are too complex for this approach

– Monitoring of specific TFs is not possible



Promoters as Detectors
Synthetic Promoters
Promoters can be engineered through the combination of

– Basal promoters
– DNA-Binding Sites
– Enhancer Elements

Advantages
– Analysis of specific TFs
– Allows the recombination of different binding sites to

construct novel induction patterns

Disadvantage
– Functionality and Feasability



P53 network



P53 network

PUMA
“p53 upregulated modulator of apoptosis”

• BH3-only Bcl2 family protein
• direct binding of p53 to the PUMA promoter region
• Induces rapid apoptosis
• Essential mediater of apoptosis
• Heterodimerization with Bcl-2

Yu_J, Zhang_L et al. (2001): „PUMA induces the Rapid Apoptosis of
Colorectal Cancer Cells“



autophagy network



autophagy network
BECLIN1 (BECN1)

• myosin-like BCL2 interacting protein
• required for the initiation of the formation 

of the autophagasome
• Beclin-1 interactome for the regulation of

autophagy / vesicle nucleation

Tang_H, Da_L et al. (2009): “Hepatitis B Virus X Protein 
Sensitizes Cells to Starvation-Induced Autophagy via Up-
regulation of Beclin 1 Expression”



Molecular
switches



Molecular
switches







OUTPUT: FP-based →  Brainbow

• Proteosome sensors (Clontech)
• Light sensors Engineering Escherichia coli to see light Nature 24 November 

2005
• Ca++ J Biol Chem. 1997 May 16;272(20):13270-4.

• Cu+/++ J.P. Sumner et al. / Biosensors and Bioelectronics 21 (2006) 1302–
1308

• Hg Richard Chapeau, Rebecca Blumberg, et al., Protein Science (2008), 
17:614–622.

• Voltage sensors Journal of Neuroscience Methods 161 (2007) 32–38

• pH sensors Biophysical Journal Volume 74 March 1998 1591–1599

• ROS sensors  
Maheshinie Rajapaksha et al.: Proceedings of the 3rd Annual GRASP 
Symposium, Wichita State University, 2007                                                                                    
Journal of Bio. Chem., Vol. 279, No. 21, Issue of May 21, pp. 22284–22293, 2004



First eukaryotic biobrick library in the registry
First methodical approach to introduce mammalian cells to iGEM

Framework Tools
• Special promoters
• Protein targeting
• Selection Genes

• mRNA stabilization

Detection Tools – Inducible Promoters
• ROS, Hypoxia, Ca2+…

• Key transcription factors (Signaling, 
Metabolism)

Reporters 
•Brainbrow Approach

• GFP, YFP …
• adjustable reporters

Effectors
• Gene Therapy

• Stem cell differentiation

Questions?


