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    Abstract

        Cytochrome P450 2A13-catalyzed α-hydroxylation is a critical step in the activation of the tobacco carcinogens 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) and (S)-N′-nitrosonornicotine [(S)-NNN]. In the enzyme's active site, a single polar residue, Asn297, can influence substrate binding, orientation, and metabolism. We determined the effects of N297A mutation on enzyme kinetics and specificity for NNK, NNN, and coumarin metabolism. [5-3H]-NNK, [5-3H]-(S)-NNN, [14C]coumarin, and radioflow high-performance liquid chromatography analysis were used to quantify metabolites. Cytochrome P450 (P450) 2A13 N297A catalyzed NNK α-hydroxylation, with a 3-fold preference for methylene versus methyl hydroxylation, similar to wild type. Docking studies using the P450 2A13 crystal structure predicted that when the pyridine ring of NNK cannot hydrogen bond to residue 297 it tilts and orients NNK in positions unfavorable for α-hydroxylation. The N297A mutation resulted in a 5- and 4-fold decrease in catalytic efficiency of NNK and NNN metabolism, respectively, primarily because of increased Km values. The N297A mutation strikingly affected coumarin metabolism. The ratio of coumarin 7-hydroxylation to coumarin 3,4-epoxidation is approximately equal for wild-type enzyme, whereas the ratio was 1:9 for the N297A mutant. Coumarin 3,4-epoxidation was significantly underestimated unless the epoxide was trapped and quantified as its glutathione conjugate. The Km value for this reaction was 4-fold greater for the mutant enzyme; the Vmax value increased nearly 40-fold. The observed shift toward coumarin 3,4-epoxidation is consistent with docking studies. In summary, Asn297 in P450 2A13 is important for orienting NNK and coumarin in the active site, changing this residue to Ala results in altered enzyme kinetics for NNK, NNN, and coumarin.

      
Footnotes
	
        This work was supported in part by the National Institutes of Health National Cancer Institute [Grant R01-CA84529]; the National Institutes of Health National Institute on Drug Abuse [Grant F30-DA020968], predoctoral fellowship; and the National Institutes of Health National Cancer Institute [Grant P30-CA77598], mass spectrometry in the Analytical Biochemistry Core.

      
	
        J.Z.B. and K.E.S. contributed equally to this work.

      
	
        Article, publication date, and citation information can be found at http://dmd.aspetjournals.org.

      
	
        doi:10.1124/dmd.108.025072.

      
	
        ABBREVIATIONS: (S)-NNN, (S)-N′-nitrosonornicotine; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; keto alcohol, 4-oxo-4-(3-pyridyl)-1-butanol; keto aldehyde, 4-oxo-4-(3-pyridyl)-1-butanone; lactol, 5-(3-pyridyl)-2-hydroxytetrahydrofuran; P450, cytochrome P450; o-HPA, o-hydroxyphenylacetaldehyde; HPLC, high-performance liquid chromatography; GSH, glutathione; GST, glutathione transferase; LC/MS/MS, liquid chromatography-tandem mass spectrometry; ESI, electrospray ionization.

      
		Received October         8, 2008.
	Accepted December         10, 2008.




	The American Society for Pharmacology and Experimental Therapeutics



View Full Text
  


  
  



  
      
  
  
    
	  
		
		
			
			  
  
      
  
  
    
  
      
  
     


	
			DMD articles become freely available 12 months after publication, and remain freely available for 5 years. 


			Non-open access articles that fall outside this five year window are available only to institutional subscribers and current ASPET members, or through the article purchase feature at the bottom of the page. 


			 


				Click here for information on institutional subscriptions.
	Click here for information on individual ASPET membership.


			



 

  




  


  
  



			

		

	
	
 	
	  
  
		
		
			
			  
  
      
  
  
    Log in using your username and password

  Username *
 



  Password *
 





Forgot your user name or password?




Purchase access
You may purchase access to this article. This will require you to create an account if you don't already have one.

  


  
  



			

		

	
	
 	
	
	


  


  
  



  





  


  
  



  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
        In this issue

    
  
  
    
  
    
  
      
  
  
    
    
      [image: Drug Metabolism and Disposition: 37 (3)]

  
  
      
      
          Drug Metabolism and Disposition      
      
        	Vol. 37, Issue 3 1 Mar 2009 


      
      
        		Table of Contents
	Table of Contents (PDF)
	About the Cover
	Index by author
	Back Matter (PDF)
	Editorial Board (PDF)
	Front Matter (PDF)




      




  


  
  



  



  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Download PDF  


  
  


  
      
  
  
     Article Alerts

  
    
  
      
  
  
    
  User Name *
 



  Password *
 


Sign In to Email Alerts with your Email Address

  Email *
 








  


  
  



  





  


  
  


  
      
  
  
     Email Article

  
    
  
      
  
  
    
 Thank you for sharing this Drug Metabolism & Disposition article.
NOTE: We request your email address only to inform the recipient that it was you who recommended this article, and that it is not junk mail. We do not retain these email addresses.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Effect of CYP2A13 Active Site Mutation N297A on Metabolism of Coumarin and Tobacco-Specific Nitrosamines



  Message Subject 
 (Your Name) has forwarded a page to you from Drug Metabolism & Disposition



  Message Body 
 (Your Name) thought you would be interested in this article in Drug Metabolism & Disposition.



  Your Personal Message 
 








CAPTCHAThis question is for testing whether or not you are a human visitor and to prevent automated spam submissions.










  


  
  



  





  


  
  


  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      
  
  
      Research ArticleArticle

  
  
      Effect of CYP2A13 Active Site Mutation N297A on Metabolism of Coumarin and Tobacco-Specific Nitrosamines
  
    	 Kari E. Schlicht, Jeannette Zinggeler Berg and Sharon E. Murphy


  
    	Drug Metabolism and Disposition March 1, 2009,  37 (3) 665-671; DOI: https://doi.org/10.1124/dmd.108.025072 

  
  
  



  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  


  
        

    
  
  
    
  


  
  



          

        

        
        
          
            
  
      
  
  
     Share  


  
  


  
      
  
  
    
  
    
  
      
  
  
    
  
  
      Research ArticleArticle

  
  
      Effect of CYP2A13 Active Site Mutation N297A on Metabolism of Coumarin and Tobacco-Specific Nitrosamines
  
    	 Kari E. Schlicht, Jeannette Zinggeler Berg and Sharon E. Murphy


  
    	Drug Metabolism and Disposition March 1, 2009,  37 (3) 665-671; DOI: https://doi.org/10.1124/dmd.108.025072 

  
  
  



  


  
  



  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  
      
  
  
    [image: Reddit logo] [image: Twitter logo] [image: Facebook logo] [image: Mendeley logo]
  


  
  



  



  


  
  


  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  



          

        

	
 	
	
	


  


  
  



  
        Jump to section

    
  
  
    	Article	Abstract
	Materials and Methods
	Results
	Discussion
	Acknowledgments
	Footnotes
	References



	Figures & Data
	Info & Metrics
	eLetters
	 PDF



  


  
  



  
      
  
  
    
  
     Related Articles


 Cited By...


 More in this TOC Section
	
  
  
  
  
      VX Metabolism in Human Liver Microsomes  
  
  
  
  




	
  
  
  
  
      Role and mechanism of YY1-UGT2B7 in breast cancer metastasis  
  
  
  
  




	
  
  
  
  
      Novel variant UGT1A transcripts  
  
  
  
  






Show more Articles

 Similar Articles






  



  


  
  



  
      
  
  
    
  


  
  



  
      
  
  
    
  
    
  
      
  
  
    Advertisement



  



  


  
  



  



  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
      
    
  
    
  
    
  
                
    
      
  
    
  
      
  
  
    
  
      
  
    

	Home
	Alerts




Facebook   Twitter   LinkedIn   RSS
  




  


  
  



  

  
    
  
        Navigate

    
  
  
    	Current Issue
	Fast Forward by date
	Fast Forward by section
	Latest Articles
	Archive
	Search for Articles
	Feedback
	ASPET

  


  
  



  

  
    
  
        More Information

    
  
  
    	About DMD
	Editorial Board
	Instructions to Authors
	Submit a Manuscript
	Customized Alerts
	RSS Feeds
	Subscriptions
	Permissions
	Terms & Conditions of Use

  


  
  



  

  
    
  
        ASPET's Other Journals

    
  
  
    	Journal of Pharmacology and Experimental Therapeutics
	Molecular Pharmacology
	Pharmacological Reviews
	Pharmacology Research & Perspectives

  


  
  



  


    

  


  


  

  
  
    
  
    
  
                
    
      
  
    
  
      
  
  
    
  
      
  
    ISSN 1521-009X (Online)


Copyright © 2024 by the American Society for Pharmacology and Experimental Therapeutics

  




  


  
  



  



    

  


  


  

  
    
  
      







  