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                    Abstract
Unlike recombinase-mediated gene manipulations, tetracycline (Tet)-controlled genetic switches permit reversible control of gene expression in the mouse. Trancriptional activation can be induced by activators termed tTA (Tet-Off) or rtTA (Tet-On) in the absence and presence of Tet, respectively. The Tet-Off and Tet-On systems are complementary, and the decision to choose one over the other depends on the particular experimental strategy. Both systems were optimized over the years and can now be used to develop mouse models.
Keywords
	Doxycycline
	Luciferase
	β-Galactosidase
	GFP
	Rosa26





                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this chapter

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
  
   
    
     	
       
        Chapter
      
	
       
        USD 29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter 
       
       
     

    

    
     	
       
        eBook
      
	
       USD 259.00
      
	
       Price excludes VAT (USA)
      


        
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook 
       
       
     

    

    
     	
       
        Softcover Book
      
	
       USD 329.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book 
       
       
     

    

    
     	
       
        Hardcover Book
      
	
       USD 329.99
      
	
       Price excludes VAT (USA)
      


        
      	Durable hardcover edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Hardcover Book 
       
       
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only

  

 

 
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        
                    

                    
                        
                            
                                Preview

                                
                                    
                                        Unable to display preview. Download preview
                                            PDF.

                                    
                                    Unable to display preview. Download preview
                                        PDF.

                                

                            

                        
                    

                    
                        
                    

                    

                    

                    References
	Baron U, Freundlieb S, Gossen M, Bujard H (1995) Co-regulation of two gene activities by tetracycline via a bidirectional promoter. Nucleic Acids Res 23:3605–3606
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Baron U, Gossen M, Bujard H (1997) Tetracycline-controlled transcription in eukaryotes: novel transactivators with graded transactivation potential. Nucleic Acids Res 25:2723–2729
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Bejar R, Yasuda R, Krugers H, Hood K, Mayford M (2002) Transgenic calmodulin-dependent protein kinase II activation: dose-dependent effects on synaptic plasticity, learning, and memory. J Neurosci 22:5719–5726
PubMed 
    CAS 
    
                    Google Scholar 
                

	Belteki G, Haigh J, Kabacs N, Haigh K, Sison K, Costantini F, Whitsett J, Quaggin SE, Nagy A (2005) Conditional and inducible transgene expression in mice through the combinatorial use of Cre-mediated recombination and tetracycline induction. Nucleic Acids Res 33:e51
Article 
    PubMed 
    
                    Google Scholar 
                

	Bocker R, Estler CJ, Maywald M, Weber D (1981) Comparison of distribution of doxycycline in mice after oral and intravenous application measured by a high-performance liquid chromatographic method. Arzneimittelforschung 31:2116–2117
PubMed 
    CAS 
    
                    Google Scholar 
                

	Bond CT, Sprengel R, Bissonnette JM, Kaufmann WA, Pribnow D, Neelands T, Storck T, Baetscher M, Jerecic J, Maylie J, Knaus HG, Seeburg PH, Adelman JP (2000) Respiration and parturition affected by conditional overexpression of the Ca(2+)-activated K(+) channel subunit, SK3. Science 289:1942–1946
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Brusa R, Zimmermann F, Koh D-S, Feldmeyer D, Gass P, Seeburg PH, Sprengel R (1995) Early-onset epilepsy and postnatal lethality associated with an editing-deficient GluR-B allele in mice. Science 270:1677–1680
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Chalfie M, Tu Y, Euskirchen G, Ward WW, Prasher DC (1994) Green fluorescent protein as a marker for gene expression. Science 263:802–805
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Chen J, Kelz MB, Zeng G, Sakai N, Steffen C, Shockett PE, Picciotto MR, Duman RS, Nestler EJ (1998) Transgenic animals with inducible, targeted gene expression in brain. Mol Pharmacol 54:495–503
PubMed 
    CAS 
    
                    Google Scholar 
                

	Cormack BP, Valdivia RH, Falkow S (1996) FACS-optimized mutants of the green fluorescent protein (GFP). Gene 173:33–38
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Corti O, Sabate O, Horellou P, Colin P, Dumas S, Buchet D, Buc-Caron MH, Mallet J (1999a) A single adenovirus vector mediates doxycycline-controlled expression of tyrosine hydroxylase in brain grafts of human neural progenitors. Nat Biotechnol 17:349–354
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Corti O, Sanchez-Capelo A, Colin P, Hanoun N, Hamon M, Mallet J (1999b) Long-term doxycycline-controlled expression of human tyrosine hydroxylase after direct adenovirus-mediated gene transfer to a rat model of Parkinson’s disease. Proc Natl Acad Sci U S A 96:12120–12125
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Epe B, Woolley P (1984) The binding of 6-demethylchlortetracycline to 70S, 50S and 30S ribosomal particles: a quantitative study by fluorescence anisotropy. EMBO J 3:121–126
PubMed 
    CAS 
    
                    Google Scholar 
                

	Folliot S, Briot D, Conrath H, Provost N, Cherel Y, Moullier P, Rolling F (2003) Sustained tetracycline-regulated transgene expression in vivo in rat retinal ganglion cells using a single type 2 adeno-associated viral vector. J Gene Med 5:493–501
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Gossen M, Bujard H (1992) Tight control of gene expression in mammalian cells by tetracycline-responsive promoters. Proc Natl Acad Sci U S A 89:5547–5551
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Gossen M, Freundlieb S, Bender G, Muller G, Hillen W, Bujard H (1995) Transcriptional activation by tetracyclines in mammalian cells. Science 268:1766–1769
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Harding TC, Geddes BJ, Murphy D, Knight D, Uney JB (1998) Switching transgene expression in the brain using an adenoviral tetracycline-regulatable system. Nat Biotechnol 16:516
Article 
    
                    Google Scholar 
                

	Hasan MT, Schonig K, Berger S, Graewe W, Bujard H (2001) Long-term, noninvasive imaging of regulated gene expression in living mice. Genesis 29:116–122
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hasan MT, Friedrich RW, Euler T, Larkum ME, Giese G, Both M, Duebel J, Waters J, Bujard H, Griesbeck O, Tsien RY, Nagai T, Miyawaki A, Denk W (2004) Functional fluorescent Ca2+ indicator proteins in transgenic mice under TET control. PLoS Biol 2:e163
Article 
    PubMed 
    
                    Google Scholar 
                

	Hecht B, Muller G, Hillen W (1993) Noninducible Tet repressor mutations map from the operator binding motif to the C terminus. J Bacteriol 175:1206–1210
PubMed 
    CAS 
    
                    Google Scholar 
                

	Heintz N (2004) Gene expression nervous system atlas (GENSAT). Nat Neurosci 7:483
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hillen W, Berens C (1994) Mechanisms underlying expression of Tn10 encoded tetracycline resistance. Annu Rev Microbiol 48:345–369
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hwang JJ, Scuric Z, Anderson WF (1996) Novel retroviral vector transferring a suicide gene and a selectable marker gene with enhanced gene expression by using a tetracycline-responsive expression system. J Virol 70:8138–8141
PubMed 
    CAS 
    
                    Google Scholar 
                

	Hwang JJ, Li L, Anderson WF (1997) A conditional self-inactivating retrovirus vector that uses a tetracycline-responsive expression system. J Virol 71:7128–7131
PubMed 
    CAS 
    
                    Google Scholar 
                

	Jerecic J, Schulze CH, Jonas P, Sprengel R, Seeburg PH, Bischofberger J (2001) Impaired NMDA receptor function in mouse olfactory bulb neurons by tetracycline-sensitive NR1 (N598R) expression. Brain Res Mol Brain Res 94:96–104
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kim J (2001) Improvement and establishment of the tTA dependent inducible system in the mouse brain. In: Max-Planck-Institut for Medical Research, Molecular Neurobiology. University of Heidelberg, Heidelberg, p. 80

                    Google Scholar 
                

	Kistner A, Gossen M, Zimmermann F, Jerecic J, Ullmer C, Lubbert H, Bujard H (1996) Doxycycline-mediated quantitative and tissue-specific control of gene expression in transgenic mice. Proc Natl Acad Sci U S A 93:10933–10938
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Krestel HE, Mayford M, Seeburg PH, Sprengel R (2001) A GFP-equipped bidirectional expression module well suited for monitoring tetracycline-regulated gene expression in mouse. Nucleic Acids Res 29:e39.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Krestel HE, Shimshek DR, Jensen V, Nevian T, Kim J, Geng Y, Bast T, Depaulis A, Schonig K, Schwenk F, Bujard H, Hvalby O, Sprengel R, Seeburg PH (2004) A genetic switch for epilepsy in adult mice. J Neurosci 24:10568–10578
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kuhnel F, Fritsch C, Krause S, Mundt B, Wirth T, Paul Y, Malek NP, Zender L, Manns MP, Kubicka S (2004) Doxycycline regulation in a single retroviral vector by an autoregulatory loop facilitates controlled gene expression in liver cells. Nucleic Acids Res 32:e30
Article 
    PubMed 
    
                    Google Scholar 
                

	Leclerc GM, Boockfor FR, Faught WJ, Frawley LS (2000) Development of a destabilized firefly luciferase enzyme for measurement of gene expression. Biotechniques 29:590–591, 594–596, 598
PubMed 
    CAS 
    
                    Google Scholar 
                

	Lederer T, Kintrup M, Takahashi M, Sum PE, Ellestad GA, Hillen W (1996) Tetracycline analogs affecting binding to Tn10-Encoded Tet repressor trigger the same mechanism of induction. Biochemistry 35:7439–7446
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Mack V, Burnashev N, Kaiser KM, Rozov A, Jensen V, Hvalby O, Seeburg PH, Sakmann B, Sprengel R (2001) Conditional restoration of hippocampal synaptic potentiation inGlur-A deficient mice. Science 292:2501–2504
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Mansuy IM, Winder DG, Moallem TM, Osman M, Mayford M, Hawkins RD, Kandel ER (1998) Inducible and reversible gene expression with the rtTA system for the study of memory. Neuron 21:257–265
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Masui S, Shimosato D, Toyooka Y, Yagi R, Takahashi K, Niwa H (2005) An efficient system to establish multiple embryonic stem cell lines carrying an inducible expression unit. Nucleic Acids Res 33:e43
Article 
    PubMed 
    
                    Google Scholar 
                

	Mayford M, Bach ME, Huang YY, Wang L, Hawkins RD, Kandel ER (1996) Control of memory formation through regulated expression of a CaMKII transgene. Science 274:1678–1683
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	McGee Sanftner LH, Rendahl KG, Quiroz D, Coyne M, Ladner M, Manning WC, Flannery JG (2001) Recombinant AAV-mediated delivery of a tet-inducible reporter gene to the rat retina. Mol Ther 3:688–696
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Orth P, Schnappinger D, Hillen W, Saenger W, Hinrichs W (2000) Structural basis of gene regulation by the tetracycline inducible Tet repressor-operator system. Nat Struct Biol 7:215–219
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Regulier E, Pereira de Almeida L, Sommer B, Aebischer P, Deglon N (2002) Dose-dependent neuroprotective effect of ciliary neurotrophic factor delivered via tetracycline-regulated lentiviral vectors in the quinolinic acid rat model of Huntington’s disease. Hum Gene Ther 13:1981–1990
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Robertson A, Perea J, Tolmachova T, Thomas PK, Huxley C (2002) Effects of mouse strain, position of integration and tetracycline analogue on the tetracycline conditional system in transgenic mice. Gene 282:65–74
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Schonig K, Bujard H (2003) Generating conditional mouse mutants via tetracycline-controlled gene expression. Methods Mol Biol 209:69–104
PubMed 
    
                    Google Scholar 
                

	Schonig K, Schwenk F, Rajewsky K, Bujard H (2002) Stringent doxycycline dependent control of CRE recombinase in vivo. Nucleic Acids Res 30:e134
Article 
    PubMed 
    
                    Google Scholar 
                

	Shin MK, Levorse JM, Ingram RS, Tilghman SM (1999) The temporal requirement for endothelin receptor-B signalling during neural crest development. Nature 402:496–501
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Soriano P (1999) Generalized lacZ expression with the ROSA26 Cre reporter strain. Nat Genet 21:70–71
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Takahashi M, Altschmied L, Hillen W (1986) Kinetic and equilibrium characterization of the Tet repressor-tetracycline complex by fluorescence measurements. Evidence for divalent metal ion requirement and energy transfer. J Mol Biol 187:341–348
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Urlinger S, Baron U, Thellmann M, Hasan MT, Bujard H, Hillen W (2000) Exploring the sequence space for tetracycline-dependent transcriptional activators: novel mutations yield expanded range and sensitivity. Proc Natl Acad Sci U S A 97:7963–7968
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Vigna E, Cavalieri S, Ailles L, Geuna M, Loew R, Bujard H, Naldini L (2002) Robust and efficient regulation of transgene expression in vivo by improved tetracycline-dependent lentiviral vectors. Mol Ther 5:252–261
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Vogel R, Amar L, Thi AD, Saillour P, Mallet J (2004) A single lentivirus vector mediates doxycycline-regulated expression of transgenes in the brain. Hum Gene Ther 15:157–165
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Yamaguchi A, Udagawa T, Sawai T (1990) Transport of divalent cations with tetracycline as mediated by the transposon Tn10-encoded tetracycline resistance protein. J Biol Chem 265:4809–4813
PubMed 
    CAS 
    
                    Google Scholar 
                

	Yamamoto M, Wada N, Kitabatake Y, Watanabe D, Anzai M, Yokoyama M, Teranishi Y, Nakanishi S (2003) Reversible suppression of glutamatergic neurotransmission of cerebellar granule cells in vivo by genetically manipulated expression of tetanus neurotoxin light chain. J Neurosci 23:6759–6767
PubMed 
    CAS 
    
                    Google Scholar 
                

	Yu HM, Liu B, Chiu SY, Costantini F, Hsu W (2005) Development of a unique system for spatiotemporal and lineage-specific gene expression in mice. Proc Natl Acad Sci U S A 102:8615–8620
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zambrowicz BP, Imamoto A, Fiering S, Herzenberg LA, Kerr WG, Soriano P (1997) Disruption of overlapping transcripts in the ROSA beta geo 26 gene trap strain leads to widespread expression of beta-galactosidase in mouse embryos and hematopoietic cells. Proc Natl Acad Sci U S A 94:3789–3794
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zolotukhin S, Potter M, Hauswirth WW, Guy J, Muzyczka N (1996) A “humanized” green fluorescent protein cDNA adapted for high-level expression in mammalian cells. J Virol 70:4646–465
PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Max Planck Institute for Medical Research, Jahnstrasse 29, 69120, Heidelberg, Germany
R. Sprengel & M. T. Hasan


Authors	R. SprengelView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. T. HasanView author publications
You can also search for this author in
                        PubMed Google Scholar







Editor information
Editors and Affiliations
	Interfakultäres Institut für Biochemie (IFIB) Signaltransduktion — transgene Modelle, Universität Tübingen, Hoppe-Seyler-Str. 4, 72076, Tübingen, Germany
Robert Feil 

	Institut de Génétique et de Biologie Moléculaire et Cellulaire (IGBMC), 1, rue Laurent Fries, 67404, Illkirch, France
Daniel Metzger 




Copyright information
© 2007 Springer-Verlag Berlin Heidelberg


About this chapter
Cite this chapter
Sprengel, R., Hasan, M.T. (2007).  Tetracycline-Controlled Genetic Switches.

                     In: Feil, R., Metzger, D. (eds) Conditional Mutagenesis: An Approach to Disease Models. Handbook of Experimental Pharmacology, vol 178. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-540-35109-2_3
Download citation
	.RIS
	.ENW
	.BIB

	DOI: https://doi.org/10.1007/978-3-540-35109-2_3

	
                            Publisher Name: Springer, Berlin, Heidelberg

	
                                Print ISBN: 978-3-540-35108-5

	
                                Online ISBN: 978-3-540-35109-2

	eBook Packages: Biomedical and Life SciencesBiomedical and Life Sciences (R0)


Share this chapter
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                                Provided by the Springer Nature SharedIt content-sharing initiative
                            







Publish with us
Policies and ethics



                    
    

                    
                

            
        

        
            
                
                    
                


                
                    
                        

                        
                            
                                
                                    Access this chapter

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
  
   
    
     	
       
        Chapter
      
	
       
        USD 29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter 
       
       
     

    

    
     	
       
        eBook
      
	
       USD 259.00
      
	
       Price excludes VAT (USA)
      


        
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook 
       
       
     

    

    
     	
       
        Softcover Book
      
	
       USD 329.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book 
       
       
     

    

    
     	
       
        Hardcover Book
      
	
       USD 329.99
      
	
       Price excludes VAT (USA)
      


        
      	Durable hardcover edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Hardcover Book 
       
       
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only

  

 

 
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        
                    

                    

                    

                    

                


            
        

    

    
        
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.239.243.235
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	





    

    
    



