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                    Abstract
We develop a mathematical model to study the immediate effect of low-dose radiation on the G2 checkpoint and the G2/M transition of the cell cycle via a radiation pathway (the ATM–Chk2 pathway) of an individual mammalian cell. The model consists of a system of nonlinear differential equations describing the dynamics of a network of regulatory proteins that play key roles in the G2/M transition, cell cycle oscillations, and the radiation pathway. We simulate the application of a single pulse of low-dose radiation at different intensities (\(\sim \) 0–0.4 Gy) and times during the latter part of the G2-phase. We use bifurcation analysis to characterize the effect of radiation on the G2/M transition via the ATM–Chk2 pathway. We show that radiation between 0.1 and 0.3 Gy can delay the G2/M transition, and radiation higher than 0.3 Gy can fully activate the G2 checkpoint. Also, our results show that radiation can be low enough to neither delay the G2/M transition nor activate the G2 checkpoint (\(\sim \) 0.1 Gy). Our model supports the idea that the cell response to radiation during G2-phase explains hyper-radiosensitivity and increased radioresistance (HRS/IRR) observed at low dose.
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                The Goldbeter–Koshland kinetics model for protein activation is given by
$$\begin{aligned} \frac{\mathrm{d} x}{\mathrm{d}t} = v_{1}\frac{1-x}{J_{1}+1-x}-v_{2}\frac{x}{J_{2}+x}, \end{aligned}$$

where x is the normalized concentration of the active form of the protein, \(1-x\) is the concentration of the inactive form of the protein, \(v_{1}\) is the maximum activation rate, \(v_{2}\) is the maximum inactivation rate, and \(J_{1}\) and \(J_{2}\) are the Michaelis constants. The smaller the Michaelis constants, the faster the activation/inactivation switch. It can be shown that the activation of x is obtained when
$$\begin{aligned} \frac{v_{1}}{v_{2}}>1. \end{aligned}$$

Ultrasensitivity refers to a fast switch in activity when \({v_{1}}\) is close to \({v_{2}}\) and the Michaelis constants are small. Parameter values in the radiation pathway module, such as activation/inactivation rate and Michaelis constants, are carefully chosen so that our simulations match experimental results (see Table 2).


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Contreras, C., Carrero, G. & de Vries, G. A Mathematical Model for the Effect of Low-Dose Radiation on the G2/M Transition.
                    Bull Math Biol 81, 3998–4021 (2019). https://doi.org/10.1007/s11538-019-00645-6
Download citation
	Received: 08 August 2018

	Accepted: 10 July 2019

	Published: 07 August 2019

	Issue Date: October 2019

	DOI: https://doi.org/10.1007/s11538-019-00645-6


Share this article
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
                        


Keywords
	G2 checkpoint
	G2/M transition
	Ionizing radiation
	HRS
	IRR
	Radiation pathway
	ATM
	Chk2
	Cell cycle modelling
	Regulatory dynamics
	Cell physiology








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            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
						
						
					


		
	
	
		
			
				
					
					54.144.67.40
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    