







    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

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature biotechnology

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 18 November 2012



                    A bacterial glycosidase enables mannose-6-phosphate modification and improved cellular uptake of yeast-produced recombinant human lysosomal enzymes

                    	Petra Tiels1,2 na1, 
	Ekaterina Baranova3,4 na1, 
	Kathleen Piens5 na1, 
	Charlotte De Visscher1,2, 
	Gwenda Pynaert5, 
	Wim Nerinckx1,2, 
	Jan Stout5, 
	Franck Fudalej5, 
	Paco Hulpiau6, 
	Simon Tännler5, 
	Steven Geysens5, 
	Annelies Van Hecke1,2, 
	Albena Valevska5, 
	Wouter Vervecken5, 
	Han Remaut3,4 & 
	…
	Nico Callewaert1,2 

Show authors

                    

                    
                        
    Nature Biotechnology

                        volume 30, pages 1225–1231 (2012)Cite this article
                    

                    
        
            	
                        7228 Accesses

                    
	
                        88 Citations

                    
	
                            15 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Recombinant protein therapy


    


                
    
    

    
    

                
            


        
            Abstract
Lysosomal storage diseases are treated with human lysosomal enzymes produced in mammalian cells. Such enzyme therapeutics contain relatively low levels of mannose-6-phosphate, which is required to target them to the lysosomes of patient cells. Here we describe a method for increasing mannose-6-phosphate modification of lysosomal enzymes produced in yeast. We identified a glycosidase from C. cellulans that 'uncaps' N-glycans modified by yeast-type mannose-Pi-6-mannose to generate mammalian-type N-glycans with a mannose-6-phosphate substitution. Determination of the crystal structure of this glycosidase provided insight into its substrate specificity. We used this uncapping enzyme together with α-mannosidase to produce in yeast a form of the Pompe disease enzyme α-glucosidase rich in mannose-6-phosphate. Compared with the currently used therapeutic version, this form of α-glucosidase was more efficiently taken up by fibroblasts from Pompe disease patients, and it more effectively reduced cardiac muscular glycogen storage in a mouse model of the disease.
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                    Figure 1: Project, technology concepts and strategy.


Figure 2: Y.lipolytica N-glycan analysis and CcGH92_4 and CcGH92_5 activity and substrate specificity.


Figure 3: Structure of the C. cellulans CcGH92_5 GH92 domain.


Figure 4: Enzyme uptake by Pompe disease patient fibroblasts and therapeutic activity in Pompe disease mouse model.
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