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            Abstract
Site-specific protein cleavage is essential for many protein-production protocols and typically requires proteases. We report the development of a chemical protein-cleavage method that is achieved through the use of a sequence-specific nickel-assisted cleavage (SNAC)-tag. We demonstrate that the SNAC-tag can be inserted before both water-soluble and membrane proteins to achieve fusion protein cleavage under biocompatible conditions with efficiency comparable to that of enzymes, and that the method works even when enzymatic cleavages fail.
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                    Fig. 1: Phage selection and optimization of best Ni2+ cleavage sequence.


Fig. 2: SNAC-tag cleavage in fusion proteins.
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Integrated supplementary information

Supplementary Figure 1 Phage selection of metal cleavage.
Selection procedure (left) and proposed Ni2+ cleavage mechanism.


Supplementary Figure 2 Peptide YFLGASRHWG cleavage.
Cleavage conditions: peptide 0.2 mM, 0.1 M CHES, pH 8.2, 22â€‰Â°C, 1 mM NiCl2 (black arrow indicates uncleaved peptide; ~55% cleavage yield).


Supplementary Figure 3 SPI-2 cleavage comparison.
SPI-2 cleavage comparison without glycine at the P1 position (left; 15% cleaved; * indicates uncleaved peptide) or with glycine at the P1 position (right; 90% cleaved; â€¢ indicates uncleaved peptide). Cleavage at pH 8.2, 0.1 M CHES, 1 mM NiCl2, 22â€‰Â°C for 16 h. SPI-2 sequence without glycine at P1 position: EAAVCTTEWD PVCGKDGKTY SNLCWLNEAG VGLDHEGECL SRHWAPHHHH HH. SPI-2 sequence with glycine at P1 position: EAAVCTTEWD PVCGKDGKTY SNLCWLNEAG VGLDHEGECL GGSRHWGAPHHHH HH.


Supplementary Figure 4 Buffer and additive screening for cleaving peptide YFLGSRHWGGSRRLFY (0.2 mM).
Cleavage performed at pH 8.2, 1 mM NiCl2, 22â€‰Â°C, for 18 h (left; buffer) or 6 h (right; additive). Other buffers screenedâ€”glycine, lysine, bicine, tricineâ€”performed a lot worse. For additives, N-methyl hydroxylamine can speed up the cleavage, but the cleavage was not clean and N-methyl hydroxylamine was not adopted. N-hydroxyl piperidine, N,N-dimethyl hydroxylamine, diethanolamine, Boc-NHNH2, methoxylamine, hydroxylamine, and ethanolamine did not perform better than acetone oxime.


Supplementary Figure 5 MALDI-TOF mass measurement of the peptide cleavages in Fig. 1câ€“e.
a1: YFLGGSHHTDLPGGSRRLFY-CONH2 Calc. 2,278.1 Da, obsd. 2,278.2 Â± 0.2 Da. a2: YFLGG-COOH Calc. 555.3 Da, obsd. 555.3 Â± 0.2 Da. a3: SHHTDLPGGSRRLFY-CONH2 Calc. 1,740.9 Da, obsd. 1,741.1 Â± 0.2 Da. b1: YFLPGSRHWG-CONH2 Calc. 1,217.6 Da, obsd. 1,217.8 Â± 0.2 Da. b2: YFLPG-COOH Calc. 595.3 Da, obsd. 595.3 Â± 0.2 Da. b3: SRHWG-CONH2 Calc. 640.3 Da, obsd. 640.4 Â± 0.2 Da. c1: YFLPGSHHWG-CONH2 Calc. 1,198.6 Da, obsd. 1,198.7 Â± 0.2 Da. c2: YFLPG-COOH Calc. 595.3 Da, obsd. 595.3 Â± 0.2 Da. c3: SHHWG-CONH2 Calc. 621.3 Da, obsd. 621.3 Â± 0.2 Da.


Supplementary Figure 6 Original uncut gels of the cropped gels in Fig. 2.
Top, cleavage of His-tag-XXXXX-HB2225 constructs. Bottom, cleavage of His-tag-T4L-XXXXX-3hbtmV2 constructs. Lane 1 of each gel is prestained plus protein ladder.


Supplementary Figure 7 Cleavage of other water-soluble and membrane proteins.
His-tag-GSHHW-T4L (water-soluble protein; left) lane 1, t = 0; lane 2, cleavage at 18 h. His-tag-GSHHW-MBP (water-soluble protein; middle) lane 1, t = 0; lane 2, cleavage at 18 h. His-tag-T4L-GSHHW-NCHAMP1 (membrane protein; right) lane 1, t = 0; lane 2, cleavage at 4 h; lane 3, cleavage at 18 h. Cleavage conditions: 1 mM NiCl2, 0.1 M CHES, 0.1 M acetone oxime, 0.1 M NaCl, pH 8.2, protein 1 mg/mL, 22â€‰Â°C (5 mM DPC added for His-tag-T4L-GSHHW-NCHAMP1). Full sequence of His-tag-GSHHW-T4L: MGSSHHHHHHSSGPGSHHWNIFEMLRIDEGLRLKIYKDTEGYYTIGIGHLLTKSPSLNAAKSELDKAIGRNTNGVITKDEAEKLFNQDVDAAVRGILRNAKLKPVYDSLDAVRRAALINMVFQMGETGVAGFTNSLRMLQQKRWDEAAVNLAKSRWYNQTPNRAKRVITTFRTGTWDAYISRHWA. Full sequence of His-tag-GSHHW-MBP: MGSSHHHHHHSSGENLYFQGGNIGPGSHHWKIEEGKLVIWINGDKGYNGLAEVGKKFEKDTGIKVTVEHPDKLEEKFPQVAATGDGPDIIFWAHDRFGGYAQSGLLAEITPDKAFQDKLYPFTWDAVRYNGKLIAYPIAVEALSLIYNKDLLPNPPKTWEEIPALDKELKAKGKSALMFNLQEPYFTWPLIAADGGYAFKYAAGKYDIKDVGVDNAGAKAGLTFLVDLIKNKHMNADTDYSIAEAAFNKGETAMTINGPWAWSNIDTSKVNYGVTVLPTFKGQPSKPFVGVLSAGINAASPNKELAKEFLENYLLTDEGLEAVNKDKPLGAVALKSYEEELAKDPRIAATMENAQKGEIMPNIPQMSAFWYAVRTAVINAASGRQTVDAALAAAQTNAAAISLHAA. Full sequence of His-tag-T4L-GSHHW-NCHAMP1: MGSSHHHHHHSSGLVPRGSHMGNIFEMLRIDEGLRLKIYKDTEGYYTIGIGHLLTKSPSLNAAKSELDKAIGRNTNGVITKDEAEKLFNQDVDAAVRGILRNAKLKPVYDSLDAVRRAALINMVFQMGETGVAGFTNSLRMLQQKRWDEAAVNLAKSRWYNQTPNRAKRVITTFRTGTWDAYAAGGSGSTENLVPRGSKGNDYKDDDDKGGPGSHHWGGSGGSGGASDLDPLILTLXXXXXXXXXXXTVLALLSHRRTLQQK (de novo designed membrane protein, full sequence to be released in a separate paper).


Supplementary Figure 8 Cleavage comparison of T4L-PL5 protein.
Left, thrombin cleavage of T4L-LVPRGS-PL5. Cleavage conditions: protein 1 mg/mL, 50 mM Tris, pH 8.4, 200 mM NaCl, 0.5 mM CaCl2, 5 mM DPC, 22â€‰Â°C, 16 h, thrombin: lane 2, 2 U/mL, lane 3, 6 U/mL, lane 4, 12 U/mL. One thrombin unit is defined as that amount of enzyme required to cleave 1 mg of a test protein when incubated in standard digest buffer at 20â€‰Â°C for 16 h. Right, Ni2+ cleavage of T4L-GSHHW-PL5. Cleavage conditions: 1 mM NiCl2, 0.1 M CHES, 0.2 M NaCl, pH 8.2, 5 mM DPC, protein 1 mg/mL, 22â€‰Â°C, 16 h. Full sequence of T4L-LVPRGS-PL5: MGSSHHHHHHSSGLHLRDAHMGNIFEMLRIDEGLRLKIYKDTEGYYTIGIGHLLTKSPSLNAAKSELDKAIGRNTNGVITKDEAEKLFNQDVDAAVRGILRNAKLKPVYDSLDAVRRAALINMVFQMGETGVAGFTNSLRMLQQKRWDEAAVNLAKSRWYNQTPNRAKRVITTFRTGTWDAYAAGGSGSLVPRGSDPEQLKWISFCXXXXXXXXXXXXFMLYRGRR (de novo designed membrane protein, full sequence to be released in a separate paper). Full sequence of T4L-GSHHW-PL5: MGSSHHHHHHSSGLHLRDAHMGNIFEMLRIDEGLRLKIYKDTEGYYTIGIGHLLTKSPSLNAAKSELDKAIGRNTNGVITKDEAEKLFNQDVDAAVRGILRNAKLKPVYDSLDAVRRAALINMVFQMGETGVAGFTNSLRMLQQKRWDEAAVNLAKSRWYNQTPNRAKRVITTFRTGTWDAYAAGGSGSGSHHWGSDPEQLKWISFCXXXXXXXXXXXXFMLYRGRR (de novo designed membrane protein, full sequence to be released in a separate paper).


Supplementary Figure 9 Cleavage in the presence of GuHCl or urea.
His-tag-T4L-GSHHW-3hbtmV2 (left) and His-tag-GSHHW-HB2225 (right). Cleavage conditions: 1 mM NiCl2, 0.1 M CHES, 0.1 M acetone oxime, 0.1 M NaCl, pH 8.2, protein 1 mg/mL, 22â€‰Â°C, 18 h, GuHCl or urea concentrations are as indicated in the figure, 5 mM DPC for His-tag-T4L-GSHHW-3hbtmV2.


Supplementary Figure 10 Peptide WCRLGSRHW cleavage.
Peptide 0.2 mM, 1 mM NiCl2, 0.1 M CHES, 0.1 M acetone oxime, pH 8.2, 22â€‰Â°C. a. Cleavage reaction monitored at different time points. b. Mass measured by MALDI-TOF of uncleaved WCRLGSRHW-CONH2 (calc. 1,198.6 Da, obsd. 1,198.7 Â± 0.2 Da) after 18 h, no obvious cysteine oxidation was observed. c. Mass measured by MALDI-TOF of cleaved peptide WCRL (calc. 633.3 Da, obsd. 633.3 Â± 0.2 Da) after 18 h, no obvious cysteine oxidation was observed.


Supplementary Figure 11 On-resin cleavage of His-tag-T4L-GSHHW-3hbtmV2 in different detergents.
Cleavage at pH 8.2, 0.1 M CHES, 0.1 M acetone oxime, 0.1 M NaCl, 1 mM NiCl2, 5 mM DPC, 22â€‰Â°C for 18 h. Left, supernatant after on-resin cleavage; right, eluted protein remained on Ni-NTA beads after cleavage.


Supplementary Figure 12 Cleavage of optimized peptide sequences in short peptide constructs and in protein constructs.
Left: HPLC trace is the cleavage of peptides YFLPGSHHWG and YFLHNSHHWG. Cleavage conditions: 1 mM NiCl2, 0.1 M CHES, pH 8.2, 22â€‰Â°C, peptide 0.2 mM. Middle: lane 2, t = 0; cleavage of His-tag-PGSHHW-HB2225 (lane 3) and His-tag-HNSHHW-HB2225 (lane 4). Cleavage conditions: 1 mM NiCl2, 0.1 M CHES, 0.1 M acetone oxime, 0.1 M NaCl, pH 8.2, protein 1 mg/mL, 22â€‰Â°C, 18 h. Right: lane 2, t = 0; cleavage of His-tag-T4L-PGSHHW-3hbtmV2 (lane 3), His-tag-T4L-HNSHHW-3hbtmV2 (lane 4). Cleavage conditions: 1 mM NiCl2, 0.1 M CHES, 0.1 M acetone oxime, 0.1 M NaCl, pH 8.2, protein 1 mg/mL, 22â€‰Â°C, 18 h, 5 mM DPC.


Supplementary Figure 13 Cleavage time course for His-tag-T4L-GSHHW-3hbtmV2 (left) and His-tag-GSHHW-HB2225 (right).
Cleavage conditions: 1 mM NiCl2, 0.1 M CHES, 0.1 M acetone oxime, 0.1 M NaCl, pH 8.2, protein 1 mg/mL, 22â€‰Â°C, 5 mM DPC for His-tag-T4L-GSHHW-3hbtmV2.


Supplementary Figure 14 Positive control of TEV protease cleavage on His-tag-ENLYFQS-CPXR.
Cleavage conditions: 50 mM Tris, pH 8.0, 0.2 M NaCl, 1 mM DTT, 0.5 mM EDTA, 22â€‰Â°C, 16 h, protein 2 mg/mL, TEV 0.02 mg/mL. Lane 1, before cleavage; lane 2, after cleavage.


Supplementary Figure 15 Peptide YFLGSRHWGGSRRLFY (0.2 mM) cleavage at different pH, 1 mM NiCl2, 22â€‰Â°C, 0.1 M CHES.
pH 8.2, t = 2 h (13% cleavage); 5 h (40% cleavage). pH 8.6, t = 2 h (34% cleavage); 5 h (78% cleavage). pH 9.0, t = 2 h (71% cleavage); 5 h (97% cleavage).





Supplementary information
Supplementary Information
Supplementary Figures 1â€“15 and Supplementary Tables 1â€“5


Reporting Summary




Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Dang, B., Mravic, M., Hu, H. et al. SNAC-tag for sequence-specific chemical protein cleavage.
                    Nat Methods 16, 319â€“322 (2019). https://doi.org/10.1038/s41592-019-0357-3
Download citation
	Received: 08 November 2018

	Accepted: 06 February 2019

	Published: 25 March 2019

	Issue Date: April 2019

	DOI: https://doi.org/10.1038/s41592-019-0357-3


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

                
                    	
                            
                                
                                    
                                        Copper assisted sequence-specific chemical protein conjugation at a single backbone amide
                                    
                                

                            
                                
                                    	Mengzhun Guo
	Kai Zhao
	Bobo Dang


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        Hallucination of closed repeat proteins containing central pockets
                                    
                                

                            
                                
                                    	Linna An
	Derrick R. Hicks
	David Baker


                                
                                Nature Structural & Molecular Biology (2023)

                            
	
                            
                                
                                    
                                        A zirconium metal-organic framework with SOC topological net for catalytic peptide bond hydrolysis
                                    
                                

                            
                                
                                    	Sujing Wang
	Hong Giang T. Ly
	Christian Serre


                                
                                Nature Communications (2022)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            


                

            
        

        
            
                
                    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 Methods (Nat Methods)
                
                
    
    
        ISSN 1548-7105 (online)
    
    


                
    
    
        ISSN 1548-7091 (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: Translational Research newsletter â€” top stories in biotechnology, drug discovery and pharma.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get what matters in translational research, free to your inbox weekly.
            Sign up for Nature Briefing: Translational Research
            
        


    









    








