
 

 

  











 

 

 
 

 

 

 
 
 

 

 

  

  
  

  

  
  

  

 

 

  

  
  

  

  
  
  
  
  

  

  
  
  
  



  

  

  
  

  

  
  
  
  

  

  

  

  

  

  

  

  
  
  
  
  

  

  





























      
  (                                        )

                  

        
                       

                    



          (
   

   
)          

          (
    

 

   
)      (      )  (

    
 

   
)      (      )



          
       

     
                  (

   

 
)     

  

     
          

∑            
 
   





 

 

 



 





 





 





 









 







 

 

 





 

 

 

 

 

 

 



 

 





 





γ





 





















 

 













 



          (
    

 

   
)      (      )  (

    
 

   
)      (      )



          (
   

   
)          

   

   



Ns Ni

K∞, highlighted with 
blue arrows and reduced parallel stiffness (Klin), green arrow.

             



↑ ↑

↓ ↓

↓ ↓

↓ ↓

↑ ↑↑

↑ ↑↑

↓ ↓

↓ ↓

↓ ↓

↓↓

↓

↓ ↓

↑ ↑





 

 

 





 









 



 



 

 



 

 



 

 

 





 



 

 

 

 

 

 

 



 



 

 

 



 



  
  

   
            ×  

     [ ]        

       
 
   

   
 = 

     [ ]        

  
 
          

          
 

     

  
     [ ]        

  
 
          

          
 ×      

   

  
 
    

    
 =    

     [ ]        

   
 
          

    
 

     

     
     [ ]        

   
 
          

    
 ×      

     [ ]        

   
 
          

    
 =         [ ]                    

  
  

   
            ×   

     [ ]                

     
 = 

     [ ]                

  
 
          

 
 

     

  
     [ ]                

  
 
          

 
 ×   

     [ ]                

  
 
          

 
 =      [ ]                            



 

 



 





 





 



Ns Ni

K∞, highlighted with blue arrows.

  

     



     

↓

↓

↓

↓



 

        
 

    
         

  

   

        

  







 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///F:/David/Dropbox/Uni/Promotion/Dissertation/Dissertation_Genetics_of_Drosophila_hearing_final-001.docx%23_Toc364948566
file:///F:/David/Dropbox/Uni/Promotion/Dissertation/Dissertation_Genetics_of_Drosophila_hearing_final-001.docx%23_Toc364948566
file:///F:/David/Dropbox/Uni/Promotion/Dissertation/Dissertation_Genetics_of_Drosophila_hearing_final-001.docx%23_Toc364948567


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 







 

 



 



 

 



 

 

 



 

 



 

 

 



 



 

m 

 

                                
           

×   
  

   
 

      

        
 =     

            

   
  
                          

      
 

 

 
    

    
            

   
  
                          

      
 ×     

            

   
  
                          

      
 =                   

                          

      
 



 





 


	Preface
	Hearing
	The genetic model organism Drosophila melanogaster
	Physiology of Drosophila hearing

	Structure of my study
	Experimental approach: Probing Johnston’s organ function
	Antennal free fluctuations
	Sound responses of the Drosophila antenna
	Correlates of mechano-electrical transducer gating
	Recording correlates of transducer gating
	Modeling mechano-electrical transducer gating
	Model selection with the Akaike information criterion



	1 Screening for functional contributions of Drosophila auditory organ genes
	1.1 Introduction
	1.1.1 Motivation: Identifying Drosophila hearing genes
	1.1.2 Objectives and approach: Screening for altered Drosophila Johnston’s organ function

	1.2 Results
	1.2.1 Free fluctuation screening
	1.2.2 Characterizing Johnston’s organ function

	1.3 Discussion

	2 Genes of the Drosophila visual system and their impact on auditory transduction
	2.1 Introduction
	2.1.1 Motivation: Investigating sensory perception of light and sound
	2.1.2 Objectives and approaches

	2.2 Results
	2.2.1 Functional screen for genes of the visual system
	2.2.1.1 Determining the antennal best frequency and Johnston’s organ fluctuation power
	Antennal best frequency
	Johnston’s organ fluctuation power

	2.2.1.2 Genes of the Drosophila visual system affect the sensitivity of the auditory organs
	Mechanical feedback amplification is lost in mutations affecting genes of the Drosophila visual system
	Maximum compound action potential responses
	Auditory sensitivity
	Displacement thresholds


	2.2.2 Characterizing the function of rhodopsin in Drosophila hearing
	2.2.2.1 Rescue experiment and double mutations
	Mutations in rhodopsin affect active antennal tuning
	Mutations in rhodopsin impair active amplification

	2.2.2.2 Rhodopsin 5 and rhodopsin 6 impact mechano–electrical transduction in the Drosophila Johnston’s organ

	2.2.3 Effects of environmental conditions
	2.2.3.1 Light dependent recordings
	2.2.3.2 Chromophore retinal and Johnston’s organ function
	2.2.3.3 Probing the temperature-dependence of Johnston’s organ function

	2.2.4 Rhodopsin antibody staining labels the Johnston’s organ
	2.2.5 Johnston’s organ ultrastructure seems rhodopsin-independent

	2.3 Discussion
	2.3.1 Genes of the phototransduction cascade impact Drosophila hearing
	2.3.2 Genes involved in eye morphogenesis are required for auditory organ function
	2.3.3 Auditory organ function is affected by beta-carotene
	2.3.4 Rhodopsin is crucial for hearing in Drosophila
	2.3.4.1 Rhodopsin is required for hearing in Drosophila
	2.3.4.2 Rhodopsin is crucial for transducer gating
	2.3.4.3 Rhodopsins may tune the stiffness of the antenna
	2.3.4.4 Other multiple roles of genes in sensory perception



	3 Candidate gating spring: NOMPC ankyrin repeats
	3.1 Introduction
	3.1.1 Motivation: Function and identity of the gating spring
	3.1.2 Objectives and approach: Manipulating the number of NOMPC ankyrin repeats

	3.2 Results
	3.2.1 NOMPC with doubled ankyrin length is expressed in the Johnston’s organ neurons
	3.2.2 Flies with 58 NOMPC ankyrin repeats have softer antennal receivers
	3.2.3 NOMPC with doubled ankyrin repeats make a functional mechano-electrical transducer
	3.2.4 Gating compliance recordings of flies with single and doubled ankyrin repeats

	3.3 Discussion

	4 Appendix
	4.1 List of abbreviations
	4.2 List of figures
	4.3 List of tables
	4.4 Bibliography
	4.5 Methods and experimental procedure
	4.5.1 Fly husbandry
	4.5.2 Statistical evaluation
	4.5.3 Electron micrography: Probing the ultrastructural integrity of Johnston’s organ neurons
	4.5.4 Antibody staining and confocal microscopy
	4.5.5 Cross santa-maria

	4.6 Quotation
	4.7 Acknowledgements

	Personal Data
	Education
	Professional Experience
	Teaching
	Additional Experience
	Award and Stipends
	Publications

