

            
            
        

    
    

        

                            
                    
      
        
          Skip to Content
        

        
          
            
            [image: eLife logo]
          
          eLife home page
        
      

  
    
        
          	
              
              
                  
                    Menu
                  
              
              
	
              
              
                  
                    Home
                  
              
              
	
              
              
                  
                    Magazine
                  
              
              
	
              
              
                  
                    Community
                  
              
              
	
              
              
                  
                    About
                  
              
              


        
    


      
        	
            
            
                
                  Search
                
            
            
	
            
            
                
                  Alerts
                
            
            
	
            
                      Submit your research
            
            
            


      

  


    
    
      
          
            
              
                Search by keyword or author
                
              
          
          
              Reset form
              Search
            

          

    
          
            Limit my search to Computational and Systems Biology
          
    
      

    




                

            
            
                                                            

    

      Read the most recent version of this article.


    





                            
                                        
            
            

                
            
    
        

  
    

        	
                Research Article
            




          	
                Computational and Systems Biology
              
	
                Neuroscience
              


    

    

      
        Noise promotes independent control of gamma oscillations and grid firing within recurrent attractor networks



      


        
          	Lukas Solanka
	Mark C W van Rossum
	Matthew F Nolan 
                    
                    [image: Is a corresponding author]
                


        
            	
                  University of Edinburgh, United Kingdom;
                  
                
	
                  Institute for Adaptive and Neural Computation, United Kingdom;
                  
                


        

      


          
            
            
            
                
                 Jul 6, 2015
            
            

          


          
              
            https://doi.org/10.7554/eLife.06444
              
          

        	
            
                  Open access
            
          
	
            
              Copyright information
            
          




      

    

    
    


  





                    
  
    
        
          Author Accepted Manuscript


            PDF only version. The full online version will follow soon.


        


        	    Download

	    Cite

	    Share

	
    Comment Open annotations (there are currently 0 annotations on this page). 






        
        
            	1,916 views
	18 citations


        
        
        


    
   

    
        


        
          	Version of Record published
	July 21, 2015 (Go to version)
	Accepted Manuscript published
	July 6, 2015 (This version)
	Accepted
	July 4, 2015
	Received
	January 11, 2015


        

        


        
          
          
          
            	

    	Of interest



  


    
        Disrupting abnormal neuronal oscillations with adaptive delayed feedback control
    


    
      Domingos Leite de Castro, Miguel Aroso ... Paulo Aguiar
    


  


  

      
      
          Research Article
      
      
          
           Apr 2, 2024
      



  



	Further reading



          
          
          
        

      

  



        
                    
  
      
        Share this article

        
        
          

  
      
        Doi
      

  


  




    Copy to clipboard

	
    
      
          
              
              
          
      
    
  
	
    
      
        
            
            
        
      
    
  
	
    
      
          
              
                  
                  
              
          
      
    
  
	
    
      
        
            
                
                
            
        
    
    
  
	
    
      
          
              
                  
                  
              
          
      
    
  
	
    
      
          
              
                  
                  
              
          
      
    
  




        

      

  




                    
  
      
        Cite this article

        
        
          
    	
          Lukas Solanka
	
          Mark C W van Rossum
	
          Matthew F Nolan


    (2015)



      Noise promotes independent control of gamma oscillations and grid firing within recurrent attractor networks




    eLife 4:e06444.


    
      https://doi.org/10.7554/eLife.06444
    





	    Copy to clipboard

	    Download BibTeX

	    Download .RIS




        

      

  




        
        
        
            
    

                
    

        
            
  	
        Full text
      
	
        Figures and data
      





            
            
                
  	
        Abstract
      
	
        Article and author information
      
	
        Metrics
      





        
        
        

                
            
            
                
                
                    

    
      Abstract

      
    

  
      Neural computations underlying cognitive functions require calibration of the strength of excitatory and inhibitory synaptic connections and are associated with modulation of gamma frequency oscillations in network activity. However, principles relating gamma oscillations, synaptic strength and circuit computations are unclear. We address this in attractor network models that account for grid firing and theta-nested gamma oscillations in the medial entorhinal cortex. We show that moderate intrinsic noise massively increases the range of synaptic strengths supporting gamma oscillations and grid computation. With moderate noise, variation in excitatory or inhibitory synaptic strength tunes the amplitude and frequency of gamma activity without disrupting grid firing. This beneficial role for noise results from disruption of epileptic-like network states. Thus, moderate noise promotes independent control of multiplexed firing rate- and gamma-based computational mechanisms. Our results have implications for tuning of normal circuit function and for disorders associated with changes in gamma oscillations and synaptic strength.
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                Closed-loop neuronal stimulation has a strong therapeutic potential for neurological disorders such as Parkinson’s disease. However, at the moment, standard stimulation protocols rely on continuous open-loop stimulation and the design of adaptive controllers is an active field of research. Delayed feedback control (DFC), a popular method used to control chaotic systems, has been proposed as a closed-loop technique for desynchronisation of neuronal populations but, so far, was only tested in computational studies. We implement DFC for the first time in neuronal populations and access its efficacy in disrupting unwanted neuronal oscillations. To analyse in detail the performance of this activity control algorithm, we used specialised in vitro platforms with high spatiotemporal monitoring/stimulating capabilities. We show that the conventional DFC in fact worsens the neuronal population oscillatory behaviour, which was never reported before. Conversely, we present an improved control algorithm, adaptive DFC (aDFC), which monitors the ongoing oscillation periodicity and self-tunes accordingly. aDFC effectively disrupts collective neuronal oscillations restoring a more physiological state. Overall, these results support aDFC as a better candidate for therapeutic closed-loop brain stimulation.
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                Currently, the identification of patient-specific therapies in cancer is mainly informed by personalized genomic analysis. In the setting of acute myeloid leukemia (AML), patient-drug treatment matching fails in a subset of patients harboring atypical internal tandem duplications (ITDs) in the tyrosine kinase domain of the FLT3 gene. To address this unmet medical need, here we develop a systems-based strategy that integrates multiparametric analysis of crucial signaling pathways, and patient-specific genomic and transcriptomic data with a prior knowledge signaling network using a Boolean-based formalism. By this approach, we derive personalized predictive models describing the signaling landscape of AML FLT3-ITD positive cell lines and patients. These models enable us to derive mechanistic insight into drug resistance mechanisms and suggest novel opportunities for combinatorial treatments. Interestingly, our analysis reveals that the JNK kinase pathway plays a crucial role in the tyrosine kinase inhibitor response of FLT3-ITD cells through cell cycle regulation. Finally, our work shows that patient-specific logic models have the potential to inform precision medicine approaches.
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                Accurate prediction of contacting residue pairs between interacting proteins is very useful for structural characterization of protein–protein interactions. Although significant improvement has been made in inter-protein contact prediction recently, there is still a large room for improving the prediction accuracy. Here we present a new deep learning method referred to as PLMGraph-Inter for inter-protein contact prediction. Specifically, we employ rotationally and translationally invariant geometric graphs obtained from structures of interacting proteins to integrate multiple protein language models, which are successively transformed by graph encoders formed by geometric vector perceptrons and residual networks formed by dimensional hybrid residual blocks to predict inter-protein contacts. Extensive evaluation on multiple test sets illustrates that PLMGraph-Inter outperforms five top inter-protein contact prediction methods, including DeepHomo, GLINTER, CDPred, DeepHomo2, and DRN-1D2D_Inter, by large margins. In addition, we also show that the prediction of PLMGraph-Inter can complement the result of AlphaFold-Multimer. Finally, we show leveraging the contacts predicted by PLMGraph-Inter as constraints for protein–protein docking can dramatically improve its performance for protein complex structure prediction.
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