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                    Abstract
We present a method for generating alternative biochemical pathways between specified compounds. We systematically generated diverse alternatives to the nonoxidative stage of the pentose phosphate pathway, by first finding pathways between 5-carbon and 6-carbon skeletons. Each solution of the equations for the stoichiometric coefficients of skeleton-changing reactions defines a set of networks. Within each set we selected networks with modules; a module is a coupled set of reactions that occurs more than one in a network. The networks can be classified into at least 53 families in at least seven superfamilies, according to the number, the input-output relations, and the internal structure of their modules. We then assigned classes of enzymes to mediate transformations of carbon skeletons and modifications of functional groups. The ensemble of candidate networks was too large to allow complete determination of the optimal network. However, among the networks we studied the real pathway is especially favorable in several respects. It has few steps, uses no reducing or oxidizing compounds, requires only one ATP in one direction of flux, and does not depend on recurrent inputs.



                    
    


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

                            

                        

                        
                            
                                
                                    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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Enumerating all possible biosynthetic pathways in metabolic networks
                                        
                                    

                                    
                                        Article
                                         Open access
                                         02 July 2018
                                    

                                

                                Aarthi Ravikrishnan, Meghana Nasre & Karthik Raman

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Pickaxe: a Python library for the prediction of novel metabolic reactions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         22 March 2023
                                    

                                

                                Kevin M. Shebek, Jonathan Strutz, … Keith E. J. Tyo

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Metabolic In Silico Network Expansions to Predict and Exploit Enzyme Promiscuity
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2019
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Atkinson, D. E. (1969). Limitation of metabolite concentrations and the conservation of solvent capacity in the living cell. Curr. Top. Cell. Regul.
1, 29–63.

                    Google Scholar 
                

	Baskin, A. B., R. E. Reinke and J. E. Mittenthal (1992). Exploring the role of finiteness in the emergence of structure, in Principles of Organization in Organisms, J. Mittenthal and A. Baskin (Eds) Redwood City, CA: Addison-Wesley, pp. 337–377.

                    Google Scholar 
                

	Brown, G. C. (1991). Total cell protein concentration as an evolutionary constraint on the metabolic control distribution in cells. J. Theor. Biol.
153, 195–203.

                    Google Scholar 
                

	de Duve, C. (1991). Blueprint for a Cell, Burlington, NC: Neil Patterson.

                    Google Scholar 
                

	Happel, J., P. H. Sellers and M. Otarod (1990). Mechanistic study of chemical reaction systems. Ind. Eng. Chem. Res.
29, 1057–1064.
Article 
    
                    Google Scholar 
                

	Hendrickson, J. B., D. J. Cram and G. S. Hammond (1970). Organic Chemistry, 3rd edn, New York: McGraw-Hill.

                    Google Scholar 
                

	Jia, J., W. Huang, U. Schoerken, H. Sahm, G. A. Sprenger, Y. Lindqvist and G. Schneider (1996). Crystal structure of transaldolase B from Escherichia coli suggests a circular permutation of the alpha/beta barrel within the class I aldolase family. Structure
4, 715–724.
Article 
    
                    Google Scholar 
                

	Kirkwood, T. B. L., R. F. Rosenberger and D. J. Galas (1986). Accuracy in Molecular Processes, New York: Chapman and Hall.

                    Google Scholar 
                

	Mavrovouniotis, M. L., G. Stephanopoulos and G. Stephanopoulos (1990). Computer-aided synthesis of biochemical pathways. Biotech. Bioeng.
36, 1119–1132.
Article 
    
                    Google Scholar 
                

	Meléndez-Hevia, E. (1990). The game of the pentose phosphate cycle: a mathematical approach to study the optimization in design of metabolic pathways during evolution. Biomed. Biochim. Acta
49, 903–916.

                    Google Scholar 
                

	Meléndez-Hevia, E. and N. V. Torres (1988). Economy of design in metabolic pathways: further remarks on the game of the pentose phosphate cycle. J. Theor. Biol.
132, 97–111.

                    Google Scholar 
                

	Meléndez-Hevia, E., T. G. Waddell and F. Montero (1994). Optimization of metabolism: the evolution of metabolic pathways toward simplicity through the game of the pentose phosphate cycle. J. Theor. Biol.
166, 201–220.
Article 
    
                    Google Scholar 
                

	Mittenthal, J. E., B. Clarke and M. Levinthal (1993). Designing bacteria, in Thinking About Biology, W. D. Stein and F. Varela (Eds), Reading, MA: Addison-Wesley.

                    Google Scholar 
                

	Nuño, J. C., I. Sánchez-Valdenebro, C. Pérez-Iratxeta and E. Meléndez-Hevia (1997). Network organization of cell metabolism: monosaccharide interconversion. Biochem. J.
324, 103–111.

                    Google Scholar 
                

	Rawn, J. D. (1989). Biochemistry, Burlington, NC: Neil Patterson.

                    Google Scholar 
                

	Seressiotis, A. and J. E. Bailey (1988). MPS: an artificially intelligent software system for the analysis and synthesis of metabolic pathways. Biotechnol. Bioeng.
31, 587–602.
Article 
    
                    Google Scholar 
                

	Wood, T. (1985). The Pentose Phosphate Pathway, Orlando, FL: Academic.

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Center for Complex Systems Research, Beckman Institute, University of Illinois at Urbana-Champaign, Illinois, USA
Jay E. Mittenthal & Alexander Scheeline

	Department of Cell and Structural Biology, University of Illinois at Urbana-Champaign, Illinois, USA
Jay E. Mittenthal

	Department of Statistics, University of British Columbia, Canada
Ao Yuan & Bertrand Clarke

	Department of Chemistry, University of Illinois at Urbana-Champaign, Illinois, USA
Alexander Scheeline


Authors	Jay E. MittenthalView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ao YuanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bertrand ClarkeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Alexander ScheelineView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Mittenthal, J.E., Yuan, A., Clarke, B. et al. Designing metabolism: Alternative connectivities for the pentose phosphate pathway.
                    Bull. Math. Biol. 60, 815–856 (1998). https://doi.org/10.1006/bulm.1997.0043
Download citation
	Received: 08 October 1997

	Accepted: 29 December 1997

	Issue Date: September 1998

	DOI: https://doi.org/10.1006/bulm.1997.0043


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
	Pentose Phosphate Pathway
	Carbon Skeleton
	Maximal Modularization
	Changer Reaction
	Minimal Path








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.242.37.42
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    