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[bookmark: N109D1]
Summary


We present the complete amino acid sequence of a non-mammalian antithrombin together with a structural comparison to its mammalian homologs. In the majority of cases, but not all, the analyses indicate high degrees of primary structural identity within regions of predicted or demonstrated functional importance. We have also taken advantage of the avian model to define the ontogeny of antithrombin mRNA expression. Northern analyses indicate chicken antithrombin mRNA levels to be detectable in the liver early during development and increase to reach adult levels just prior to hatching. Although no sex-dependent differences in antithrombin mRNA levels were detected, the administration of estrogen to male roosters was observed to cause a 3-fold decrease in antithrombin mRNA levels, suggesting that the hormone may alter circulating antithrombin levels via a pre-translational mechanism.






 

[bookmark: ]

[bookmark: N109DE]
	
References


	
[bookmark: JR_1]1 

            Hunt LT, 
          

            Dayhoff MO. 
          
A surprising new protein superfamily containing ovalbumin, antithrombin-III, and alpha1-proteinase inhibitor. Biochem Biophys Res Comm 1980; 95: 864-871 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_2]2 

            Remold-O’Donnell E. 
          
The ovalbumin family of serpin proteins. FEBS Letts 1993; 315: 105-108 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_3]3 

            Holstein TW, 
          

            Mala C, 
          

            Kurz E, 
          

            Bauer K, 
          

            Greber M, 
          

            David CN. 
          
The primitive metazoan Hydra expresses antistatin, a serine protease inhibitor of vertebrate blood coagulation: cDNA cloning, cellular localization and developmental regulation. FEBS Letts 1992; 3: 288-292 





PubMedGoogle Scholar





	
[bookmark: JR_4]4 

            Rasmussen SK. 
          
A gene coding for a new plant serpin. Biochim Biophys Acta 1994; 1172: 151-154 





PubMedGoogle Scholar





	
[bookmark: JR_5]5 

            Holland LJ, 
          

            Suksang C, 
          

            Wall A, 
          

            Roberts LR, 
          

            Moser D, 
          

            Bhattacharya A. 
          
A Major Estrogen-regulated Protein Secreted from the Liver of Xenopus laevis Is a Member of the Serpin Superfamily. J Biol Chem 1992; 267: 7053-7059 





PubMedGoogle Scholar





	
[bookmark: JR_6]6 

            Wu JK, 
          

            Sheffield WP, 
          

            Blajchman MA. 
          
Molecular cloning and cell-free expression of mouse antithrombin III. Thromb Haemost 1992; 68 (03) 291-296 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR_7]7 

            Bock SC, 
          

            Wion KL, 
          

            Vehar GA, 
          

            Lawn RM. 
          
Cloning and expression of the cDNA for human antithrombin. Nucl Acids Res 1982; 10: 8113-8125 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_8]8 

            Niesse RW L M, 
          

            Stark A, 
          

            Hordijk PL, 
          

            Michiels F, 
          

            Peters M. 
          
Sequence characterization of a sheep cDNA for antithrombin III. Biochim Biophys Acta 1992; 1171: 207-210 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_9]9 

            Sheffield WP, 
          

            Brothers AB, 
          

            Wells MJ, 
          

            Hatton MW C, 
          

            Clarke BJ, 
          

            Blajchman MA. 
          
Molecular cloning and expression of rabbit antithrombin III. Blood 1992; 79 (09) 2330-2339 





PubMedGoogle Scholar





	
[bookmark: JR_10]10 

            Pemberton PA, 
          

            Hamson RA, 
          

            Lachman PJ, 
          

            Carrell RW. 
          
The structural basis for neutrophil inactivation of C1 inhibitor. Biochem J 1989; 258: 193-198 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_11]11 

            Stein PE, 
          

            Tewkesbury DA, 
          

            Carrell RW. 
          
Ovalbumin and angiotensinogen lack serpin S-R conformational change. Biochem J 1989; 262: 103-107 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_12]12 

            Hammond GL, 
          

            Smith CL, 
          

            Goping IS, 
          

            Underhill DA, 
          

            Harley MJ, 
          

            Reventes J, 
          

            Musto NA, 
          

            Gunsalus GL, 
          

            Bardin CW. 
          
Primary structure of human corticosteroid binding globulin deduced from hepatic and pulmonary cDNAs, exhibits homology with serine protease inhibitors. Proc Natl Acad Sci USA 1987; 84: 5153-5157 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_13]13 

            Damus PS, 
          

            Hicks M. 
          
Rosenberg RD Anticoagulant Action of Heparin. Nature 1973; 246: 355-357 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_14]14 

            Travis J. 
          
Salvesen GS Human Plasma Proteinase Inhibitors. Ann Rev Biochem 1983; 52: 655-709 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_15]15 

            Carrell RW, 
          

            Owen MC. 
          
Plakalbumin α1-antitrypsin, antithrombin and the mechanism of inflammatory thrombosis. Nature 1985; 317: 730-732 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_16]16 

            Pizzo SV. 
          
Serpin receptor 1:A hepatic receptor that mediates the clearance of antithrombin III-proteinase complexes. Amer J Med 1989; 87 suppl (Suppl. 03) B 11-14 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_17]17 

            Jordan RE, 
          

            Oosta GM, 
          

            Gardner WT, 
          

            Rosenberg RD. 
          
        The Kinetics of Hemostatic Enzyme-Antithrombin Interactions in the Presence of Low Molecular Weight Heparin. Journal of Biological Chemistry 1980; 255: 10081-10090 





PubMedGoogle Scholar





	
[bookmark: JR_18]18 

            Koide T, 
          

            Ohta Y, 
          

            Odani S, 
          

            Ono T. 
          
Chicken Antithrombin. Isolation, Characterization, and Comparison with Mammalian Antithrombins and Chicken Ovalbumin J Biochem 1982; 91: 1223-1229 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_19]19 

            Amrani DL, 
          

            Mosesson MW, 
          

            Koide T. 
          
Evidence that chicken antithrombin III is a developmentally regulated glycoprotein synthesized by hepatocytes. Biochim Biophys Acta 1985; 847: 324-334 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_20]20 

            Amrani DL, 
          

            Rosenberg J, 
          

            Samad F, 
          

            Bergtrom G, 
          

            Banfield DK. 
          
Developmental expression of chicken antithrombin III is regulated by increased RNA abundance and intracellular processing. Biochim Biophys Acta 1993; 1171: 239-246 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR_21]21 

            Maniatis T, 
          

            Fritsch EF, 
          

            Sambrook J. 
          
Molecular cloning: A laboratory manual, Plainview. New York: Cold Spring Harbor Laboratory Press; 1982 





Google Scholar





	
[bookmark: JR_22]22 

            Rosen KM, 
          

            Villa-Komaroff L. 
          
An alternative method for the visualization of RNA in formaldehyde agarose gels. Focus 1990; 12: 23-24 





PubMedGoogle Scholar





	
[bookmark: JR_23]23 

            Fenberg AP, 
          

            Vogelstein B. 
          
A technique for radiolabeling DNA restriction endonuclease fragments to high specific activity. Anal Biochem 1983; 132: 6-13 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_24]24 

            Altschul SF, 
          

            Gish W, 
          

            Miller W, 
          

            Myers EW, 
          

            Lipman DJ. 
          
Basic local alignment search tool. J Mol Biol 1990; 215: 403-410 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_25]25 

            Meade TW, 
          

            Dyer S, 
          

            Howarth DJ, 
          

            Imeson JD, 
          

            Stirling Y. 
          
Antithrombin III and procoagulant activity: sex differences and effects of the menopause. Brit J Haem 1990; 74: 77-81 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_26]26 

            Deeley RG, 
          

            Udell DS, 
          

            Burns AT H, 
          

            Gordon JI, 
          

            Goldberger RF. 
          
Kinetics of avian vitellogenin messenger RNA induction; comparison between primary and secondary response to estrogen. J Biol Chem 1977; 252: 7913-7915 





PubMedGoogle Scholar





	
[bookmark: JR_27]27 

            Wiskocil R, 
          

            Bensky P, 
          

            Dower W, 
          

            Goldberger RF, 
          

            Gordon JI, 
          

            Deeley RG. 
          
Coordinate regulation of two estrogen-dependent genes in avian liver. Proc Natl Acad Sci USA 1980; 77: 4474-4478 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_28]28 

            Haché RJ G, 
          

            Wiskocil R, 
          

            Vasa M, 
          

            Roy RN, 
          

            Lau PC K, 
          

            Deeley RG. 
          
The 5’noncoding and flanking regions of the avian very low density apolipopro- tein II and serum albumin genes. J Biol Chem 1983; 258: 4556-4564 





PubMedGoogle Scholar





	
[bookmark: JR_29]29 

            Prochownik EV, 
          

            Markham AF, 
          

            Orkin SH. 
          
Isolation of a cDNA clone for human antithrombin III. J Biol Chem 1983; 258 (13) 8384-8389 





PubMedGoogle Scholar





	
[bookmark: JR_30]30 

            Mourey L, 
          

            Samama JP, 
          

            Delame M, 
          

            Choay J, 
          

            Lormeau JC, 
          

            Petitou M, 
          

            Moras D. 
          
Antithrombin III: structural and functional aspects. Biochimie 1990; 72599: 599-608 





PubMedGoogle Scholar





	
[bookmark: JR_31]31 

            Moure L, 
          

            Samama JP, 
          

            Delame M, 
          

            Petitou M, 
          

            Choay J, 
          

            Moras D. 
          
Crystal structure of cleaved bovine antithrombin III at 3x2 Å resolution. J Mol Biol 1993; 232: 223-241 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_32]32 

            Carrell RW, 
          

            Stein PE, 
          

            Fermi G, 
          

            Wardell MR. 
          
Biological implications of a 3 Å structure of dimeric antithrombin. Structure 1994; 2: 257-269 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_33]33 

            Schreuder HA, 
          

            de Boer B, 
          

            Dijkema R, 
          

            Mulders J, 
          

            Theunissen HJ M, 
          

            Grootenhuis PD J, 
          

            Hol WG J. 
          
The intact and cleaved human antithrombin III complex as a model for serpin-proteinase interactions. Nature Structural Biol 1994; 1: 48-54 





PubMedGoogle Scholar





	
[bookmark: JR_34]34 

            Sun X, 
          

            Chang J. 
          
Evidence That Arginine-129 and Arginine-145 Are Located within the Heparin Binding Site of Human Antithrombin III. Biochemistry 1990; 29: 8957-8962 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_35]35 

            Blackburn MN, 
          

            Smith RL, 
          

            Carson J, 
          

            Sibley CC. 
          
The Heparin-binding Site of Antithrombin III. Identification of a critical Tryptophan in the amino acid sequence J Biol Chem 1984; 259: 939-941 





PubMedGoogle Scholar





	
[bookmark: JR_36]36 

            Medjoub H, 
          

            Lere M, 
          

            Boulanger Y, 
          

            Maman M, 
          

            Choay J, 
          

            Reinbolt J. 
          
The complete amino acid sequence of bovine antithrombin (ATIII). J Prot Chem 1991; 10: 205-212 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_37]37 

            Jordan RE. 
          
Antithrombin in vertebrate species: Conservation of the heparin-dependent anticoagulant mechanism. Arch Biochem Biophys 1983; 227 (02) 587-595 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_38]38 

            Hüber R, 
          

            Carrell RW. 
          
Implications of the Three-Dimensional Structure of α1-antitrypsin for Structure and Function of serpins. Biochemistry 1989; 28: 8951-8966 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_39]39 

            Austin RC, 
          

            Rachubinski RA, 
          

            Blajchman MA. 
          
Site-directed mutagenesis of alanine-382 of human antithrombin III. FEBS Letts 1991; 280 (02) 254-258 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_40]40 

            Stein PE, 
          

            Leslie AG W, 
          

            Finch JT, 
          

            Tumell WG, 
          

            McLaughlin J, 
          

            Carrell RW. 
          
Crystal structure of ovalbumin as a model for the reactive centre of serpins. Nature 1990; 347: 99-102 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_41]41 

            Carrel RW, 
          

            Evans DL, 
          

            Stein PE. 
          
Mobile reactive centre of serpins and the control of thrombosis. Nature 1991; 353: 576-578 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_42]42 

            Hamburger V, 
          

            Hamilton HL. 
          
A series of normal stages in the development of the chick embryo. J Morphol 1951; 88: 49-92 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_43]43 

            Houssaint E. 
          
Differentiation of the mouse hepatic primordium. I.An analysis of tissue interactions in hepatocyte differentiation. Cell Differentiation 1980; 9: 269-279 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_44]44 

            Cascio S, 
          

            Zaret KS. 
          
Hepatocyte differentiation initiates during endodermalmesenchymal interations prior to liver formation. Development 1991; 113: 217-225 





PubMedGoogle Scholar





	
[bookmark: JR_45]45 

            LeDouarin NM. 
          
An experimental analysis of liver development. Med Biol 1975; 53: 427-455 





PubMedGoogle Scholar





	
[bookmark: JR_46]46 

            Teger-Nilsson A. 
          
Antithrombin in infancy and childhood. Acta Pædiatre Scand 1975; 64: 624-628 





PubMedGoogle Scholar





	
[bookmark: JR_47]47 

            Peters M, 
          

            Jansen E, 
          

            Ten Cate JW, 
          

            Kahlé LH, 
          

            Ockelford P, 
          

            Breedervel C. 
          
Neonatal antithrombin III. Brit J Haem 1984; 58: 579-587 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_48]48 

            McDonald MM, 
          

            Hathaway WE, 
          

            Reeve EB, 
          

            Leonard BD. 
          
Biochemical and functional study of antithrombin III in newborn infants. Thromb Haemost 1982; 47 (01) 56-58 





Article in Thieme ConnectPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.236.224.210
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  