







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Nanotechnology]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature nanotechnology

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 12 December 2010



                    Multifunctional carbon-nanotube cellular endoscopes

                    	Riju Singhal1,5, 
	Zulfiya Orynbayeva1,2,5, 
	Ramalingam Venkat Kalyana Sundaram3,5, 
	Jun Jie Niu1,5, 
	Sayan Bhattacharyya1,5Â nAff6, 
	Elina A. Vitol4,5, 
	Michael G. Schrlau1,5, 
	Elisabeth S. Papazoglou3,5, 
	Gary Friedman4,5 & 
	â€¦
	Yury Gogotsi1,5Â 

Show authors

                    

                    
                        
    Nature Nanotechnology

                        volumeÂ 6,Â pages 57â€“64 (2011)Cite this article
                    

                    
        
            	
                        5072 Accesses

                    
	
                        202 Citations

                    
	
                            9 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Carbon nanotubes and fullerenes
	Nanobiotechnology
	Nanosensors
	Techniques and instrumentation


    


                
    
    

    
    

                
            


        
            Abstract
Glass micropipettes, atomic force microscope tips and nanoneedles can be used to interrogate cells, but these devices either have conical geometries that can damage cells during penetration or are incapable of continuous fluid handling. Here, we report a carbon-nanotube-based endoscope for interrogating cells, transporting fluids and performing optical and electrochemical diagnostics at the single organelle level. The endoscope, which is made by placing a multiwalled carbon nanotube (length, 50â€“60 Âµm) at the tip of a glass pipette, can probe the intracellular environment with a spatial resolution of âˆ¼100 nm and can also access organelles without disrupting the cell. When the nanotube is filled with magnetic nanoparticles, the endoscope can be remotely manoeuvered to transport nanoparticles and attolitre volumes of fluids to and from precise locations. Because they are mounted on conventional glass micropipettes, the endoscopes readily fit standard instruments, creating a broad range of opportunities for minimally invasive intracellular probing, drug delivery and single-cell surgery.
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                    Figure 1: Comparison between cellular endoscopes and glass pipettes.[image: ]


Figure 2: Mechanical robustness, flexibility and remote manipulation of the nanotube endoscope.[image: ]


Figure 3: Fluid and particulate flow through the nanotube endoscope.[image: ]


Figure 4: Application of nanotube endoscopes for SERS and electrochemistry.[image: ]


Figure 5: Intracellular Ca2+ response to mechanical stimulation.[image: ]


Figure 6: Effect of probe insertion on the cytoskeleton.[image: ]
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