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            Key Points

                	
                  The emergence of new, high-throughput data-collection techniques increasingly allows us to simultaneously interrogate the status of a cell's components and to determine how and when these molecules interact with each other.

                
	
                  Various types of molecular interaction webs (including protein–protein interaction, metabolic, signaling and transcription-regulatory networks) emerge from the sum of these interactions that together are principal determinants of the system-scale behaviour of the cell.

                
	
                  A major challenge of contemporary biology is to embark on an integrated theoretical and experimental programme to map out, understand and model in quantifiable terms the topological and dynamical properties of the various networks that control the behaviour of the cell.

                
	
                  Here, we review the present knowledge of the design principles for the structure and system-scale function of cellular networks, and the evolutionary mechanisms that might have shaped their development.

                
	
                  A key insight is that the architectural features of molecular interaction networks within a cell are shared to a large degree by other complex systems, such as the Internet, computer chips or society. This unexpected universality suggests that similar laws govern the development and function of most complex networks in nature.

                
	
                  Providing that sufficient formalism will be developed this new conceptual framework could potentially revolutionize our view and practice of molecular cell biology.

                


              

Abstract
A key aim of postgenomic biomedical research is to systematically catalogue all molecules and their interactions within a living cell. There is a clear need to understand how these molecules and the interactions between them determine the function of this enormously complex machinery, both in isolation and when surrounded by other cells. Rapid advances in network biology indicate that cellular networks are governed by universal laws and offer a new conceptual framework that could potentially revolutionize our view of biology and disease pathologies in the twenty-first century.
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                    Figure 1: Characterizing metabolic networks.


Figure 2: Yeast protein interaction network.


Figure 3: The origin of the scale-free topology and hubs in biological networks.
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Glossary
	PROTEIN CHIPS
	
                  Similar to cDNA microarrays, this evolving technology involves arraying a genomic set of proteins on a solid surface without denaturing them. The proteins are arrayed at a high enough density for the detection of activity, binding to lipids and so on.

                
	YEAST TWO-HYBRID SCREEN
	
                  A genetic approach for the identification of potential protein–protein interactions. Protein X is fused to the site-specific DNA-binding domain of a transcription factor and protein Y to its transcriptional-activation domain — interaction between the proteins reconstitutes transcription-factor activity and leads to expression of reporter genes with recognition sites for the DNA-binding domain.

                
	microRNA
	
                  A class of small, non-coding RNAs that are important for development and cell homeostasis, with possible roles in several human disease pathologies.

                



Rights and permissions
Reprints and permissions


About this article
Cite this article
Barabási, AL., Oltvai, Z. Network biology: understanding the cell's functional organization.
                    Nat Rev Genet 5, 101–113 (2004). https://doi.org/10.1038/nrg1272
Download citation
	Issue Date: 01 February 2004

	DOI: https://doi.org/10.1038/nrg1272


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Network pharmacology study to explore the multiple molecular mechanism of SH003 in the treatment of non-small cell lung cancer
                                    
                                

                            
                                
                                    	Kangwook Lee
	Yu-Jeong Choi
	Seong-Gyu Ko


                                
                                BMC Complementary Medicine and Therapies (2024)

                            
	
                            
                                
                                    
                                        Integrative network analysis suggests prioritised drugs for atopic dermatitis
                                    
                                

                            
                                
                                    	Antonio Federico
	Lena Möbus
	Dario Greco


                                
                                Journal of Translational Medicine (2024)

                            
	
                            
                                
                                    
                                        System biology approach to delineate expressional difference in the blood mononuclear cells between healthy and Turner syndrome individuals
                                    
                                

                            
                                
                                    	Anam Farooqui
	Naaila Tamkeen
	Romana Ishrat


                                
                                Egyptian Journal of Medical Human Genetics (2024)

                            
	
                            
                                
                                    
                                        The effect of distant connections on node anonymity in complex networks
                                    
                                

                            
                                
                                    	Rachel G. de Jong
	Mark P. J. van der Loo
	Frank W. Takes


                                
                                Scientific Reports (2024)

                            
	
                            
                                
                                    
                                        Diversity of information pathways drives sparsity in real-world networks
                                    
                                

                            
                                
                                    	Arsham Ghavasieh
	Manlio De Domenico


                                
                                Nature Physics (2024)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Webcasts
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Calendars
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Genetics (Nat Rev Genet)
                
                
    
    
        ISSN 1471-0064 (online)
    
    


                
    
    
        ISSN 1471-0056 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    








