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            Abstract
The purification of nucleic acids from microbial and mammalian cells is a crucial step in many biological and medical applications1. We have developed microfluidic chips for automated nucleic acid purification from small numbers of bacterial or mammalian cells. All processes, such as cell isolation, cell lysis, DNA or mRNA purification, and recovery, were carried out on a single microfluidic chip in nanoliter volumes without any pre- or postsample treatment. Measurable amounts of mRNA were extracted in an automated fashion from as little as a single mammalian cell and recovered from the chip. These microfluidic chips are capable of processing different samples in parallel, thereby illustrating how highly parallel microfluidic architectures can be constructed to perform integrated batch-processing functionalities for biological and medical applications.
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                    Figure 1: mRNA purification chip.[image: ]


Figure 2: RT-PCR analysis of isolated mRNA.[image: ]


Figure 3: DNA purification chip and schematic diagram of one instance of the DNA isolation process.[image: ]


Figure 4: Verification of successful recovery of E. coli genomic DNA.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Fusing MEMS technology with lab-on-chip: nanoliter-scale silicon microcavity arrays for digital DNA quantification and multiplex testing
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 October 2020
                                    

                                

                                Daniel Podbiel, Franz Laermer, â€¦ Jochen Hoffmann

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        High-throughput precise particle transport at single-particle resolution in a three-dimensional magnetic field for highly sensitive bio-detection
                                        
                                    

                                    
                                        Article
                                         Open access
                                         16 April 2022
                                    

                                

                                Roozbeh Abedini-Nassab & Reza Shourabi

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A high-dimensional microfluidic approach for selection of aptamers with programmable binding affinities
                                        
                                    

                                    
                                        Article
                                        
                                         05 June 2023
                                    

                                

                                Dingran Chang, Zongjie Wang, â€¦ Shana O. Kelley

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Roe, B.A., Crabtree, J.A. & Khan, A.S. DNA Isolation and sequencing (John Wiley, New York, 1996).

                    Google ScholarÂ 
                

	Christel, L.A., Petersen, K., McMillan, W. & Northrup, M.A. Rapid, automated nucleic acid probe assays using silicon microstructures for nucleic acid concentration. J. Biomech. Eng. 121, 22â€“27 (1999).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Breadmore, M.C. et al. Microchip-based purification of DNA from biological samples. Anal. Chem. 75, 1880â€“1886 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Blake, W.J., Kaern, M., Cantor, C.R. & Collins, J.J. Noise in eukaryotic gene expression. Nature 422, 633â€“637 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Levsky, J.M., Shenoy, S.M., Pezo, R.C. & Singer, R.H. Single-cell gene expression profiling. Science 297, 836â€“840 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Elowitz, M.B., Levine, A.J., Siggia, E.D. & Swain, P.S. Stochastic gene expression in a single cell. Science 297, 1183â€“1186 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hahn, S. et al. Current applications of single-cell PCR. Cell. Mol. Life Sci. 57, 96â€“105 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chiang, M.K. & Melton, D.A. Single-cell transcript analysis of pancreas development. Dev. Cell 4, 383â€“393 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tietjen, I. et al. Single-cell transcriptional analysis of neuronal progenitors. Neuron 38, 161â€“175 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kamme, F. et al. Single-cell microarray analysis in hippocampus CA1: demonstration and validation of cellular heterogeneity. J. Neurosci. 23, 3607â€“3615 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Das, M., Harvey, I., Chu, L.L., Sinha, M. & Pelletier, J. Full-length cDNAs: more than just reaching the ends. Physiol. Genomics 6, 57â€“80 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jiang, G.F. & Harrison, D.J. mRNA isolation in a microfluidic device for eventual integration of cDNA library construction. Analyst 125, 2176â€“2179 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hansen, C.L., Skordalakes, E., Berger, J.M. & Quake, S.R. A robust and scalable microfluidic metering method that allows protein crystal growth by free interface diffusion. Proc. Natl. Acad. Sci. USA 99, 16531â€“16536 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Liu, J., Enzelberger, M. & Quake, S. A nanoliter rotary device for polymerase chain reaction. Electrophoresis 23, 1531â€“1536 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fu, A.Y., Chou, H.P., Spence, C., Arnold, F.H. & Quake, S.R. An integrated microfabricated cell sorter. Anal. Chem. 74, 2451â€“2457 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Thorsen, T., Maerkl, S.J. & Quake, S.R. Microfluidic large-scale integration. Science 298, 580â€“584 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Anderson, R.C., Su, X., Bogdan, G.J. & Fenton, J. A miniature integrated device for automated multistep genetic assays. Nucleic Acids Res. 28, E60 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
The authors would like to thank Kathy Burke for assistance with the RT-PCR and Carl Hansen and James P. Landers for helpful discussions. This work was supported in part by the National Science Foundation (NSF), the Department of Defense Advanced Research Projects Agency (DARPA) and a gift from Farmal Biomedicine, LLC.


Author information
Author notes	Jong Wook Hong and Vincent Studer: These authors contributed equally to this study.


Authors and Affiliations
	Department of Applied Physics, California Institute of Technology, Pasadena, 91125, California, USA
Jong Wook Hong,Â Vincent Studer,Â Giao Hang,Â W French AndersonÂ &Â Stephen R Quake

	CNRS/LPN Laboratoire de Photonique et de Nanostructures, route de Nozay, Marcoussis, 91460, France
Vincent Studer

	Gene Therapy Laboratories, University of Southern California, Keck School of Medicine, Los Angeles, 90033, California, USA
W French Anderson


Authors	Jong Wook HongView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Vincent StuderView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Giao HangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	W French AndersonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Stephen R QuakeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Stephen R Quake.


Ethics declarations

              
                Competing interests

                The intellectual property derived from this work has been licensed to Fluidigm, in which S.R.Q. and W.F.A. hold shares.

              
            

Supplementary information

Supplementary Methods




Rights and permissions
Reprints and permissions


About this article
Cite this article
Hong, J., Studer, V., Hang, G. et al. A nanoliter-scale nucleic acid processor with parallel architecture.
                    Nat Biotechnol 22, 435â€“439 (2004). https://doi.org/10.1038/nbt951
Download citation
	Received: 09 July 2003

	Accepted: 15 January 2004

	Published: 14 March 2004

	Issue Date: 01 April 2004

	DOI: https://doi.org/10.1038/nbt951


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

                
                    	
                            
                                
                                    
                                        Towards Small Scale: Overview and Applications of Microfluidics in Biotechnology
                                    
                                

                            
                                
                                    	Anton Enders
	Alexander GrÃ¼nberger
	Janina Bahnemann


                                
                                Molecular Biotechnology (2024)

                            
	
                            
                                
                                    
                                        Organ-On-A-Chip Technology: An In-depth Review of Recent Advancements and Future of Whole Body-on-chip
                                    
                                

                            
                                
                                    	Rishab Driver
	Shweta Mishra


                                
                                BioChip Journal (2023)

                            
	
                            
                                
                                    
                                        Thermally-actuated microfluidic membrane valve for point-of-care applications
                                    
                                

                            
                                
                                    	Muhsincan Sesen
	Christopher J. Rowlands


                                
                                Microsystems & Nanoengineering (2021)

                            
	
                            
                                
                                    
                                        Step-defect guided delivery of DNA to a graphene nanopore
                                    
                                

                            
                                
                                    	Manish Shankla
	Aleksei Aksimentiev


                                
                                Nature Nanotechnology (2019)

                            
	
                            
                                
                                    
                                        Microfabricaton of microfluidic check valves using comb-shaped moving plug for suppression of backflow in microchannel
                                    
                                

                            
                                
                                    	Jini Hyeon
	Hongyun So


                                
                                Biomedical Microdevices (2019)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    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
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                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 Biotechnology (Nat Biotechnol)
                
                
    
    
        ISSN 1546-1696 (online)
    
    


                
    
    
        ISSN 1087-0156 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	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 Middle East


            


        

    

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


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” 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
            
        


    









    [image: ]







[image: ]
