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[bookmark: N109EE]
Summary


Thrombin binding to fibrin may be important in localizing thrombin to the site of vascular injury. However, fibrin-bound thrombin retains its catalytic activity toward fibrinogen, and may be prothrombotic under certain conditions. A collection of 52 purified thrombin mutants was used to identify those residues mediating the thrombin-fibrin interaction. Comparison of fibrinogen clotting activity with fibrin binding activity identified twenty residues involved in fibrinogen recognition with four of these residues important in fibrin binding (Lys65, His66, Tyr71, Arg73). No mutant was identified with normal clotting activity and deficient fibrin binding, suggesting that these two properties are not readily dissociable. A DNA thrombin aptamer that binds to these residues was able to inhibit the thrombin-fibrin interaction, and displace thrombin that was already bound. Mapping of these fibrin-binding residues on thrombin revealed that they are localized within exosite I, and comprise a subset of the residues important in fibrinogen recognition.





[bookmark: N10A04]
Keywords

Thrombin - 
fibrin - 
alanine-scanning mutagenesis - 
clot-bound thrombin





 

[bookmark: ]

[bookmark: N10A23]
	
References


	
[bookmark: JR6750-1]1 
          
            Francis CW, 
          
          
            Markham RE, 
          
          
            Barlow GH, 
          
          
            Florack TM, 
          
          
            Dobrzynski DM, 
          
          
            Marder VJ. 
          
        Thrombin activity of fibrin thrombi and soluble plasmic derivatives. J Lab Clin Med 1983; 102: 220-30. 





PubMedGoogle Scholar





	
[bookmark: JR6750-2]2 
          
            Beguin S, 
          
          
            Kumar R. 
          
        Thrombin, fibrin, and platelets: a resonance loop in which von Willebrand factor is a necessary link. Thromb Haemost 1997; 78: 590-4. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR6750-3]3 
          
            Mirshahi M, 
          
          
            Soria J, 
          
          
            Soria C. 
          
          et al. 
        Evaluation of the inhibition by heparin and hirudin of coagulation activation during r-tPA-induced thrombolysis. Blood 1989; 74: 1025-30. 





PubMedGoogle Scholar





	
[bookmark: JR6750-4]4 
          
            Weitz JI, 
          
          
            Hudoba M, 
          
          
            Massel D, 
          
          
            Maraganore J, 
          
          
            Hirsh J. 
          
        Clot-bound thrombin is protected from inhibition by heparin-antithrombin III but is susceptible to inactivation by antithrombin III-independent inhibitors. J Clin Invest 1990; 86: 385-91. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-5]5 
          
            Hogg PJ, 
          
          
            Jackson CM. 
          
        Formation of a ternary complex between thrombin, fibrin monomer, and heparin influences the action of thrombin on its substrates. J Biol Chem 1990; 265: 248-55. 





PubMedGoogle Scholar





	
[bookmark: JR6750-6]6 
          
            Hogg PJ, 
          
          
            Jackson CM. 
          
        Fibrin monomer protects thrombin from inactivation by heparin-antithrombin III: implications for heparin efficacy. Proc Natl Acad Sci USA 1989; 86: 3619-23. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-7]7 
          
            Weitz JI. 
          
        Activation of blood coagulation by plaque rupture: mechanisms and prevention. Am J Cardiol 1995; 75: 18B-22B. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-8]8 
          GUSTO IIa Investigators.. 
        Randomized trial of intravenous heparin versus recombinant hirudin for acute coronary syndromes. Circulation 1994; 90: 1631-7. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-9]9 
          
            Liu CY, 
          
          
            Nossel HL, 
          
          
            Kaplan KL. 
          
        The binding of thrombin by fibrin. J Biol Chem 1979; 254: 10421-5. 





PubMedGoogle Scholar





	
[bookmark: JR6750-10]10 
          
            Berliner LJ, 
          
          
            Sugawara Y, 
          
          
            Fenton II JW. 
          
        Human alpha-thrombin binding to nonpolymerized fibrin-sepharose: evidence for an anionic-binding region. Biochemistry 1985; 24: 7005-9. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-11]11 
          
            Kaminski M, 
          
          
            McDonagh J. 
          
        Inhibited thrombins: interactions with fibrinogen and fibrin. Biochem J 1987; 242: 881-7. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-12]12 
          
            Fenton II JW, 
          
          
            Olson TA, 
          
          
            Zabinski MP, 
          
          
            Wilner GD. 
          
        Anion-binding exosite of human alpha-thrombin and fibrin(ogen) recognition. Biochemistry 1988; 27: 7106-12. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-13]13 
          
            Mosesson MW. 
          
        Thrombin interactions with fibrinogen and fibrin. Sem Thromb Haemost 1995; 19: 361-7. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR6750-14]14 
          
            Fredenburgh JC, 
          
          
            Stafford AR, 
          
          
            Weitz JI. 
          
        Evidence for allosteric linkage between exosites 1 and 2 of thrombin. J Biol Chem 1997; 272: 25493-9. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-15]15 
          
            Becker DL, 
          
          
            Fredenburgh JC, 
          
          
            Stafford AR, 
          
          
            Weitz JI. 
          
        Exosites 1 and 2 are essential for protection of fibrin-bound thrombin from heparin-catalyzed inhibition by antithrombin and heparin cofactor II. J Biol Chem 1999; 274: 6226-33. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-16]16 
          
            Binnie CG, 
          
          
            Lord ST. 
          
        The fibrinogen sequences that interact with thrombin. Blood 1993; 81: 3186-92. 





PubMedGoogle Scholar





	
[bookmark: JR6750-17]17 
          
            Meh DA, 
          
          
            Siebenlist KR, 
          
          
            Mosesson MW. 
          
        Identification and characterization of the thrombin binding sites on fibrin. J Biol Chem 1996; 271: 23121-5. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-18]18 
          
            Bänninger H, 
          
          
            Lämmle B, 
          
          
            Furlan M. 
          
        Binding of alpha-thrombin to fibrin depends on the quality of the fibrin network. Biochem J 1994; 298: 157-63. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-19]19 
          
            Meh DA, 
          
          
            Siebenlist KR, 
          
          
            Mosesson MW. 
          
        Identification of the fibrin ’ residues responsible for high affinity binding to thrombin exosite 1. Thromb Haemost 1999; 82 (Suppl. 01) 482. 





PubMedGoogle Scholar





	
[bookmark: JR6750-20]20 
          
            Tsiang M, 
          
          
            Jain AK, 
          
          
            Dunn KE, 
          
          
            Rojas ME, 
          
          
            Leung LLK, 
          
          
            Gibbs CS. 
          
        Functional mapping of the surface residues of human thrombin. J Biol Chem 1995; 270: 16854-63. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-21]21 
          
            Hall SW, 
          
          
            Nagashima M, 
          
          
            Zhao L, 
          
          
            Morser J, 
          
          
            Leung LLK. 
          
        Thrombin interacts with thrombomodulin, protein C, and thrombin-activatable fibrinolysis inhibitor via specific and distinct domains. J Biol Chem 1999; 274: 25510-6. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-22]22 
          
            Seegers WH. 
          
        Antithrombin as proteinase inhibitor. Ann NY Acad Sci 1968; 146: 593-600. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-23]23 
          
            Andes WA. 
          
        Fibrinogen New Orleans II: a new dysfibrinogenemia with venous thrombosis. Blood 1982; 60 (Suppl. 01) 206a. 





PubMedGoogle Scholar





	
[bookmark: JR6750-24]24 
          
            Haverkate F, 
          
          
            Koopman J, 
          
          
            Kluft C, 
          
          
            D’Angelo A, 
          
          
            Cattaneo M, 
          
          
            Mannucci PM. 
          
        Fibrinogen Milano II: a congenital dysfibrinogenemia associated with juvenile arterial and venous thrombosis. Thromb Haemost 1986; 55: 131-5. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR6750-25]25 
          
            Liu CY, 
          
          
            Nossel HL, 
          
          
            Kaplan KL. 
          
        Defective thrombin binding by abnormal fibrin associated with recurrent thrombosis. Thromb Haemost 1979; 42 (Suppl) 79. 





PubMedGoogle Scholar





	
[bookmark: JR6750-26]26 
          
            Koopman J, 
          
          
            Haverkate F, 
          
          
            Briet E, 
          
          
            Lord ST. 
          
        A congenitally abnormal fibrinogen (Vlissingen) with a 6-base deletion in the γ-chain gene, causing defective calcium binding and impaired fibrin polymerization. J Biol Chem 1991; 266: 13456-61. 





PubMedGoogle Scholar





	
[bookmark: JR6750-27]27 
          
            Hogan KA, 
          
          
            Lord ST, 
          
          
            Okumura N, 
          
          
            Terasawa F, 
          
          
            Galanakis DK, 
          
          
            Scharrer I, 
          
          
            Gorkun OV. 
          
        A functional assay suggests that heterodimers exist in two C-terminal -chain dysfibrinogens: Matsumoto I and Vlissingen/Frankfurt IV. Thromb Haemost 2000; 83: 592-7. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR6750-28]28 
          
            Owen J, 
          
          
            Friedman KD, 
          
          
            Grossman BA, 
          
          
            Wilkens C, 
          
          
            Berke AD, 
          
          
            Powers ER. 
          
        Thrombolytic therapy with tissue plasminogen activator or streptokinase induces transient thrombin activity. Blood 1988; 72: 616-20. 





PubMedGoogle Scholar





	
[bookmark: JR6750-29]29 
          
            Li WX, 
          
          
            Kaplan AV, 
          
          
            Grant GW, 
          
          
            Toole JJ, 
          
          
            Leung LLK. 
          
        A novel nucleotide-based thrombin inhibitor inhibits clot-bound thrombin and reduces arterial platelet thrombus formation. Blood 1994; 83: 677-82. 





PubMedGoogle Scholar





	
[bookmark: JR6750-30]30 
          
            Lords ST, 
          
          
            Rooney MM, 
          
          
            Hopfner KP, 
          
          
            Di Cera E. 
          
        Binding of fibrinogen A 1-50-β-galactosidase fusion protein to thrombin stabilizes the slow form. J Biol Chem 1995; 270: 24790-3. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-31]31 
          
            Hogg PJ, 
          
          
            Jackson CM, 
          
          
            Labanowski JK, 
          
          
            Bock PE. 
          
        Binding of fibrin monomer and heparin to thrombin in a ternary complex alters the environment of the thrombin catalytic site, reduces affinity for hirudin, and inhibits cleavage of fibrinogen. J Biol Chem 1996; 271: 26088-95. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-32]32 
          
            Tsiang M, 
          
          
            Jain AK, 
          
          
            Gibbs CS. 
          
        Functional requirements for inhibition of thrombin by antithrombin III in the presence and absence of heparin. J Biol Chem 1997; 272: 12024-9. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-33]33 
          
            Stubbs MT, 
          
          
            Oschkinat H, 
          
          
            Mayr I. 
          
          et al. 
        The interaction of thrombin with fibrinogen: a structural basis for its specificity. Eur J Biochem 1992; 206: 187-95. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-34]34 
          
            Vali Z, 
          
          
            Scheraga HA. 
          
        Localization of the binding site on fibrin for the secondary binding site of thrombin. Biochemistry 1988; 27: 1956-63. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-35]35 
          
            Gibbs CS, 
          
          
            Coutre SE, 
          
          
            Tsiang M, 
          
          
            Li WX, 
          
          
            Jain AK, 
          
          
            Dunn KE, 
          
          
            Law VS, 
          
          
            Mao CT, 
          
          
            Matsumura SY, 
          
          
            Mejza SJ, 
          
          
            Paborsky LR, 
          
          
            Leung LLK. 
          
        Conversion of thrombin into an anticoagulant by protein engineering. Nature 1995; 378: 413-6. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-36]36 
          
            Tsiang M, 
          
          
            Poborsky LR, 
          
          
            Li W-X. 
          
          et al. 
        Protein engineering thrombin for optimal specificity and potency of anticoagulant activity in vivo. Biochemistry 1996; 35: 16449-57. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR6750-37]37 
          
            Bode W, 
          
          
            Mayr I, 
          
          
            Baumann U, 
          
          
            Huber R, 
          
          
            Stone SR, 
          
          
            Hofsteenge J. 
          
        The refined 1.9 A crystal structure of human α-thrombin: interaction with D-Phe-Pro-Arg-chloromethylketone and significance of the Tyr-Pro-ProTrp insertion segment. EMBO 1989; 8: 3467-75. 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 44.203.91.249
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  