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            Abstract
We have developed a flowâ€“through device which uses high frequency, low energy ultrasonic resonance fields to transiently aggregate hybridoma cells and return them by sedimentation to a perfusion bioreactor. The system retained up to 99 percent of the inflowing viable cells with no measurable effect on viability. Viable cells were selectively retained at up to 3 percent higher efficiency than nonviable cells. A stirred tank bioreactor was operated for 700 hours with acoustic cell recycle. Concentrations greater than 5Ã—107 cells/ml were attained with a 5â€“fold increase in antibody concentration and a 70â€“fold increase in volumetric productivity compared with batch culture.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$209.00 per year
only $17.42 per issue

Learn more



Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more



Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    
                


                
                    
                
            

            
                References
	Feder, J., Tolbert, W.R. 1983. The large-scale cultivation of mammalian cells. Scientific Amer. 248: 24â€“31.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Reuveny, S., Velez, D., Miller, L. and Macmillan, J.D. 1986. Comparison of cell propagation methods for their effect on monoclonal antibody yield in fermentors. J. Immunol. Methods. 86: 61â€“69.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hansen, H.A., Damgaard, B. and Emborg, C. 1993. Enhanced antibody production associated with altered amino acid metabolism in a hybridoma high-density perfusion culture established by gravity separation. Cytotechnol. 11: 155â€“166.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Himmelferb, P., Thayer, P.S. and Martin, H.E. 1969. Spin filter culture: the propagation of mammalian cells in suspension. Science 164: 555â€“557.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Avgerinos, G.C., Drapeau, D. and Socolow, J.S., Hsiao, K. and Broeze, R.J. 1990. Spin filter system for high density cell culture: production of recombinant urinary type plasminogen activator in CHO cells. Bio/Technology 8: 54â€“58.
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Esclade, L.R.J., Carrel, S. and Peringer, P. 1991. Influence of screen material on the fouling of spin filters. Biotechnol. Bioeng. 38: 159â€“168.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Brennan, A.J., Shevitz, J. and Macmillan, J.D. 1987. A perfusion system for antibody production by shear sensitive hybridoma cells in a stirred reactor. Biotechnol. Tech. 1: 169â€“174.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Batt, B.C., Davis, R.H. and Kompala, D.S. 1990. Inclined sedimentation for selective retention of viable hybridomas in a continuous suspension bioreactor. Biotechnol. Prog. 6: 458â€“464.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jager, V. 1987. A novel perfusion system for the large-scale cultivation of animal cells based on a continuous flow centrifuge, p. 397â€“401 In: Approaches to Animal Cell Technology. R. E. Spier and J. B. Griffiths (Eds.). Butterworth, Oxford.

                    Google ScholarÂ 
                

	Tokashiki, M., Arai, T., Hamamoto, K. and Ishimaru, K. 1990. High density culture of hybridoma cells using a perfusion culture vessel with external centrifuge. Cytotechnol. 3: 239â€“244.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kilburn, D.G., Clarke, D.J., Coakley, W.T. and Bardsley, D.W. 1989. Enhanced sedimentation of mammalian cells following acoustic aggregation. Biotechnol. Bioeng. 34: 559â€“562.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hager, F. and Benes, E. 1991. A summary of all forces acting on spherical particles in a sound field. Ultrasonics International 91 Conference Proceedings, Le Touquet, France, p. 283â€“286.

	Whitworth, G. and Coakley, W.T. 1992. Particle column formation in a stationary ultrasonic field. J. Acoust. Soc. Am. 91: 79â€“85.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Rooney, J.A. 1991. Other non-linear acoustic phenomena, p. 65â€“96 In: Ultrasound: Its Chemical, Physical and Biological Effects. K. S. Suslick (Ed.). VCH Publishers, New York 1988.

                    Google ScholarÂ 
                

	Schram, C.J. Manipulation of particles in an acoustic field, p. 293â€“322 In: Advance in Sonchemistry, Vol. 2. T.J.Mason (Ed).JAI Press Ltd., London.

	Mandralis, Z.I., Feke, D.I. and Alder, R.J. 1990. Transient response of fine particle suspensions to mild planar ultrasonic fields. J. Fluid/Particle Separ. 373: 115â€“121.

                    Google ScholarÂ 
                

	Apfel, R.E. 1990. Acoustic radiation pressureâ€”principles and application to separation science. Fortschritte der Akustic DAGA 90 S.19â€“26

                    Google ScholarÂ 
                

	Ziltner, H.J., Clark-Lewis, I., Fasekas, B., Groth, S., Orban, P.C., Hood, L.E., Kent, S.B.H. and Schrader, J.W. 1988. Monoclonalantipeptideantibodies recognize IL-3 and neutralize its bioactivity in vivo. J. Immunol. 4: 1182â€“1187.

                    Google ScholarÂ 
                

	Jervis, E. and Kilburn, D.G. 1991. Rapid immunoassay technique for process monitoring of animal cell fermentations. Biotechnol. Prog. 7: 28â€“32.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Nowotny, H. and Benes, E. 1987. General one-dimensional treatment of layered piezoelectric resonators with two electrodes. J. Acoust. Soc. Am. 82: 513â€“521.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Schmid, M., Benes, E. and Sedlaczek, R. 1990. A computer controlled system for the measurement of complete admittance spectra of piezoelectric resonators. Meas. Sci. Technol. 1: 970â€“975.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Trampler, F., Benes, E., Burger, W. and Groeschl, M. 1993. Multilayered piezoelectric resonator for the separation of suspended particles. Austrian Patent Appl. No. A926/93.


Download references




Author information
Author notes	James M. Piret: Corresponding author.


Authors and Affiliations
	Biotechnology Laboratory & Department of Chemical Engineering, University of British Columbia, Vancouver, BC, V6T 1Z3, Canada
James M. Piret

	Department of Microbiology and Immunology, University of British Columbia, Vancouver, BC, V6T 1Z3, Canada
Stefan A. SonderhoffÂ &Â Douglas G. Kilburn

	Sonofloc Biotech Inc., Richmond, BC, V6V 1Z3, Canada
Felix Trampler,Â Stefan A. SonderhoffÂ &Â Phylis W. S. Pui

	Institute for General Physics, TechnicalUnivesity of Vienna, Vienna, A-1040, Austria
Felix Trampler


Authors	Felix TramplerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Stefan A. SonderhoffView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Phylis W. S. PuiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Douglas G. KilburnView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	James M. PiretView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Trampler, F., Sonderhoff, S., Pui, P. et al. Acoustic Cell Filter for High Density Perfusion Culture of Hybridoma Cells.
                    Nat Biotechnol 12, 281â€“284 (1994). https://doi.org/10.1038/nbt0394-281
Download citation
	Received: 08 September 1993

	Accepted: 20 December 1993

	Issue Date: 01 March 1994

	DOI: https://doi.org/10.1038/nbt0394-281


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

                
                    	
                            
                                
                                    
                                        Selective Particle Filtering in a Large Acoustophoretic Serpentine Channel
                                    
                                

                            
                                
                                    	M. H. Kandemir
	R. M. Wagterveld
	K. J. Keesman


                                
                                Scientific Reports (2019)

                            
	
                            
                                
                                    
                                        Acoustofluidic separation of cells and particles
                                    
                                

                            
                                
                                    	Mengxi Wu
	Adem Ozcelik
	Tony Jun Huang


                                
                                Microsystems & Nanoengineering (2019)

                            
	
                            
                                
                                    
                                        Membrane-less microfiltration using inertial microfluidics
                                    
                                

                            
                                
                                    	Majid Ebrahimi Warkiani
	Andy Kah Ping Tay
	Jongyoon Han


                                
                                Scientific Reports (2015)

                            
	
                            
                                
                                    
                                        Megasonic Separation of Food Droplets and Particles: Design Considerations
                                    
                                

                            
                                
                                    	Thomas Leong
	Kai Knoerzer
	Pablo Juliano


                                
                                Food Engineering Reviews (2015)

                            
	
                            
                                
                                    
                                        Computer programs for modeling mammalian cell batch and fed-batch cultures using logistic equations
                                    
                                

                            
                                
                                    	Chetan T. Goudar


                                
                                Cytotechnology (2012)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
                                
                            
	
                                
                                    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
	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 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
            
        


    









    








