





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        Tough Hydrogel-Based Biocontainment of Engineered Organisms for Continuous, Self-Powered Sensing and Computation
  
       View ORCID ProfileTzu-Chieh Tang, Eleonore Tham, Xinyue Liu, Kevin Yehl, Alexis J. Rovner, Hyunwoo Yuk, Farren J. Isaacs, Xuanhe Zhao, Timothy K. Lu

  
      doi: https://doi.org/10.1101/2020.02.11.941120 

  
  
  

Tzu-Chieh Tang 
1Synthetic Biology Group, Research Laboratory of Electronics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA
2Department of Biological Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, USA
3The Mediated Matter Group, Media Lab, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Tzu-Chieh Tang


Eleonore Tham 
1Synthetic Biology Group, Research Laboratory of Electronics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA
4Department of Materials Science and Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Xinyue Liu 
5Department of Mechanical Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Kevin Yehl 
1Synthetic Biology Group, Research Laboratory of Electronics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA
2Department of Biological Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Alexis J. Rovner 
6Wyss Institute for Biologically Inspired Engineering, Boston, MA 02115, USA
7Department of Genetics, Harvard Medical School, Harvard University, Boston, MA 02115, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Hyunwoo Yuk 
5Department of Mechanical Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Farren J. Isaacs 
8Department of Molecular, Cellular and Developmental Biology, Yale University, New Haven, CT 06520, USA
9Systems Biology Institute, Yale University, West Haven, CT 06516, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Xuanhe Zhao 
5Department of Mechanical Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, USA
10Department of Civil and Environmental Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
timlu@mit.edu
zhaox@mit.edu


Timothy K. Lu 
1Synthetic Biology Group, Research Laboratory of Electronics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA
2Department of Biological Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, USA
11Department of Electrical Engineering and Computer Science, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
timlu@mit.edu
zhaox@mit.edu




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	Supplementary material
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    ABSTRACT
Genetically modified microorganisms (GMMs) can enable a wide range of important applications, including environmental sensing, precision therapeutics, and responsive materials. However, containment of GMMs to prevent environmental escape and satisfy regulatory requirements is a bottleneck for real-world use1–7. While biochemical strategies have been developed to restrict unwanted growth and replication of GMMs in the environment8–12, there is a need for deployable physical containment technologies to achieve redundant, multi-layered, and robust containment2. In addition, form factors that enable easy retrieval would be useful for environmental sensing. To address this challenge, we developed a hydrogel-based encapsulation system for GMMs that incorporates a biocompatible multilayer tough shell and an alginate-based core. This DEployable Physical COntainment Strategy (DEPCOS) allows no detectable GMM escape, bacteria to be protected against environmental insults including antibiotics and low pH, controllable lifespan, and easy retrieval of genetically recoded bacteria. To highlight the versatility of a DEPCOS, we demonstrate that robustly encapsulated cells can execute useful functions, including performing cell-cell communication with other encapsulated bacteria and sensing heavy metals in water samples from the Charles River. We envision that our multilayered physical and chemical containment strategy will facilitate the realization of a wide range of real-world applications for ‘living’ biosensors.
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