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                    Abstract
We have studied the role of poly(ADP-ribose) polymerase in the repair of DNA damage induced by x-ray and N-methyl N′-nitro-N-nitrosoguanidine (MNNG) by using V79 chinese hamster cells, and two derivative mutant cell lines, ADPRT54 and ADPRT351, that are deficient in poly(ADP-ribose) polymerase activity. Under exponentially growing conditions these mutant cell lines are hypersensitive to x-irradiation and MNNG compared to their parental V79 cells which could be interpreted to suggest that poly(ADP-ribose) polymerase is involved in the repair of DNA damage. However, the level of DNA strand breaks induced by x-irradiation and MNNG and their rates of repair are similar in all the cell lines, thus suggesting that it may not be the difference in strand break formation or in its rate of repair that is contributing to the enhanced cell killing in exponentially growing poly(ADP-ribose) polymerase deficient cell lines. In contrast, under growth-arrested conditions, all three cell lines become similarly sensitive to both x-irradiation and MNNG, thus suggesting that poly(ADP-ribose) polymerase may not be involved in the repair of DNA damage in growth-arrested cells. These paradoxical results could be interpreted to suggest that poly(ADP-ribose) polymerase is involved in DNA repair in a cell-cycle-dependent fashion, however, it is functionally active throughout the cell cycle. To resolve this dilemma and explain these results and those obtained by many others, we propose that the normal function of poly(ADP-ribose) polymerase is to prevent DNA recombination processes and facilitate DNA ligation.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        PARP-2 depletion results in lower radiation cell survival but cell line-specific differences in poly(ADP-ribose) levels
                                        
                                    

                                    
                                        Article
                                        
                                         22 October 2014
                                    

                                

                                Mohammed-Tayyib Boudra, Celeste Bolin, … Janet Hall

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Deoxyinosine repair in nuclear extracts of human cells
                                        
                                    

                                    
                                        Article
                                         Open access
                                         08 September 2015
                                    

                                

                                Chia-Chia Lee, Ya-Chien Yang, … Woei-horng Fang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Assays of Bypass Replication of Genotoxic Lesions in Cell-Free Extracts
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2012
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Ueda K, Hayaishi O: ADP-ribosylation. Annu Rev Biochem 54:73–100, 1985
PubMed 
    
                    Google Scholar 
                

	Berger NA: Poly(ADP-ribose) in the cellular response to DNA damage. Radiat Res 101:4–15, 1985
PubMed 
    
                    Google Scholar 
                

	Benjamin RC, Gill DM: ADP-ribosylation in mammalian cell ghosts. Dependence of poly(ADP-ribose) synthesis on strand breakage in DNA. J Biol Chem 255:10493–10501, 1980
PubMed 
    
                    Google Scholar 
                

	Benjamin RC, Gill DM: Poly(ADP-ribose), synthesis in vitro programmed by damaged DNA. A comparison of DNA molecules containing different types of strand breaks. J Biol Chem 255:10502–10508, 1980
PubMed 
    
                    Google Scholar 
                

	Cleaver JE, Bodell WJ, Morgan WF, Zelle B: Differences in the regulation by poly(ADP-ribose) of repair of DNA damage from alkylating agents and ultraviolet light according to cell type. J Biol Chem 258:9059–9068, 1983
PubMed 
    
                    Google Scholar 
                

	Nduka N, Skidmore CF, Shall S: The enhancement of cytotoxicity ofN-methyl-N-nitrosourea and of γ-radiation by inhibitors of poly(ADP-ribose) polymerase. Eur J Biochem 105:525–530, 1980
PubMed 
    
                    Google Scholar 
                

	McCurry LS, Jacobson MK: poly(ADP-ribose) synthesis following DNA damage in cells heterozygous or homozygous for the xeroderma pigmentosum genotype. J Biol Chem 256:551–553, 1981
PubMed 
    
                    Google Scholar 
                

	Berger NA, Sikorski GW, Petzold SJ, Kurohara KK: Defective poly(adenosine diphosphoribose) synthesis in xeroderma pigmentosum. Biochem 19:289–293, 1980

                    Google Scholar 
                

	Berger NA, Sikorski GW: Poly(adenosine diphosphoribose) synthesis in ultraviolet-irradiated xeroderma pigmentosum cells reconstituted withmicrococcus luteus UV endonuclease. Biochem 20:3610–3614, 1981

                    Google Scholar 
                

	Cohen JJ, Catino DM, Petzold, SJ, Berger NA: Activation of poly(adenosine diphosphate ribose) polymerase by SV40 minichromosomes: Effects of deoxyribonucleic acid damage and histone H1. Biochem 21:4931–4940, 1982

                    Google Scholar 
                

	Cohen JJ, Berger NA: Activation of poly(adenosine diphosphate ribose) polymerase with UV irradiated and UV endonuclease treated SV40 minichromosome. Biochem Biophys Res Commun 98:268–274, 1981
PubMed 
    
                    Google Scholar 
                

	Bhatia K, Pommier Y, Giri C, Fornace AJ, Imaizumi M, Breitman TR, Cherney BW, Smulson ME: Expression of poly(ADP-ribose) polymerase gene following natural and induced DNA strand breakage and effect of hyperexpression on DNA repair. Carcinogenesis 11:123–128, 1990
PubMed 
    
                    Google Scholar 
                

	Schwartz JL, Morgan WF, Kapp LN, Wolff S: Effects of 3-aminobenzamide on DNA synthesis and cell cycle progression in Chinese hamster ovary cells. Exp Cell Res 143:377–382, 1983
PubMed 
    
                    Google Scholar 
                

	Utakoji T, Kosoda K Umezawa K, Sawamura M, Matshushina T, Miwa M, Sugimura T: Induction of sister chromatid exchanges by nicotinamide in Chinese hamster lung fibroblasts and human lyphoblastoid cells. Biochem Biophys Res Commun 90: 1147–1152, 1979
PubMed 
    
                    Google Scholar 
                

	Oikawa A, Tohda H, Kanai M, Miwa M, Sugimura T: Inhibitors of poly(ADP-ribose) polymerase induce, sister chromatid exchanges. Biochem Biophys Res Commun 97: 1311–1316, 1980
PubMed 
    
                    Google Scholar 
                

	Hori T-A: High incidence of sister chromatid exchanges and chromatid interchanges in the conditions of lowered activity of poly(ADP-ribose) polymerase. Biochem Biophys Res Commun 102: 38–45, 1981
PubMed 
    
                    Google Scholar 
                

	Morgan WF, Wolff S: Induction of sister chromatid exchange by 3-aminobenzamide is independent of bromodeoxyuridine. Cytogenet Cell Genet 38: 34–38, 1984
PubMed 
    
                    Google Scholar 
                

	Natarajan AT, Csukas I, van Zeeland AA: Contribution of incorporated 5-bromodeoxyuridine in DNA to the frequencies of sister-chromatid exchanges induced by inhibitors of poly(ADP-ribose) polymerase. Mutation Res 84: 125–132, 1981
PubMed 
    
                    Google Scholar 
                

	Morgan WF, Bodycote J, Doida Fero ML Hahn P, Kapp IN: Spontaneous and 3-aminobenzamide-induced sister-chromatid exchange frequencies estimated by ring chromosome analysis. Mutagenesis, 1: 453–459, 1986
PubMed 
    
                    Google Scholar 
                

	Morgan WF, Cleaver JE: 3-Aminobenzamide synergistically increases sister-chromatid exchanges in cells exposed to methyl methanesulfonate but not to ultraviolet light. Mutation Res 104: 361–366, 1982
PubMed 
    
                    Google Scholar 
                

	Park SD, Kim CG, Kim MG: Inhibitors of poly(ADP-ribose) polymerase enhance DNA strand breaks, excision repair, and sister chromatid exchanges induced by alkylating agents. Environ Mutagen 5: 515–525, 1983
PubMed 
    
                    Google Scholar 
                

	Schwartz JL, Morgan WF, Weichselbaum RR: Different efficiencies of interaction between 3-aminobenzamide and various monofunctional alkylating agents in the induction of sister chromatid exchanges. Carcinogenesis 6: 699–704, 1985
PubMed 
    
                    Google Scholar 
                

	Shall S: ADP-ribose in DNA repair: A new component of DNA excision repair. Adv Radiat Biol 11: 1–69, 1984

                    Google Scholar 
                

	Berger NA, Sikorski, GW: Nicotinamide stimulates repair of DNA damage in human lymphocytes. Biochem Biophys Res Commun 95: 67–72, 1980
PubMed 
    
                    Google Scholar 
                

	Berger NA, Sikorski GW, Petzold SJ, Kurohara KK: Association of polyadenosine diphosphoribose) synthesis with DNA damage and repair in normal human lymphocytes. J Clin Invest 63: 1164–1171, 1979
PubMed 
    
                    Google Scholar 
                

	Cleaver JE, Morgan WF: Poly(ADP-ribose) polymerase: a perplexing participant in cellular responses to DNA breakage. Mutation Res 257: 1–18, 1991
PubMed 
    
                    Google Scholar 
                

	Sims JL, Sikorski GW, Catino DM, Berger SJ, Berger NA: Poly-Adenosine diphosphoribose) polymerase inhibitors stimulate unscheduled deoxyribonucleic acid synthesis in normal human lymphocytes. Biochemistry 21: 1813–1821, 1982
PubMed 
    
                    Google Scholar 
                

	Sims JL, Berger SJ, Berger NA: Poly(ADP-ribose) polymerase inhibitors preserve, nicotinamide adenine dinucleotide and adenosine 5′-triphosphate pools in DNA-damaged cells: Mechanism of stimulation of unscheduled DNA synthesis. Biochemistry 22: 5188–5194, 1983
PubMed 
    
                    Google Scholar 
                

	Ben-Hur E: Involvement of poly(ADP-ribose) in the radiation response of mammalian cells. Int J Radiat Biol 46: 659–671, 1984

                    Google Scholar 
                

	Hunting DJ, Gowans BJ, Henderson JF: Specificity of inhibitors of poly(ADP-ribose) synthesis. Effects of nucleotide metabolism in cultured cells. Mol Pharmacol 28: 200–206, 1985
PubMed 
    
                    Google Scholar 
                

	Milam KM, Thomas GH, Cleaver JE: Disturbances in DNA precursor metabolism associated with exposure to an inhibitor of poly(ADP-ribose) synthetase. Exp Cell Res 165: 260–268, 1986
PubMed 
    
                    Google Scholar 
                

	Cleaver JE, Morgan WF: Poly-ADP-ribose synthesis is involved in the toxic effects of alkylating agents but does not regulate DNA repair. Mutation Res 150: 69–76, 1985
PubMed 
    
                    Google Scholar 
                

	Cleaver JE, Milam KM, Morgan WF: Do inhibitor studies demonstrate a role for poly(ADP-ribose) in DNA repair? Radiation Res 101: 16–28, 1985
PubMed 
    
                    Google Scholar 
                

	Chatterjee S, Petzold SJ, Berger SJ, Berger NA: Strategy for selection of, cell variants deficient in poly(ADP-ribose) polymerase. Exp Cell Res 172: 245–257, 1987
PubMed 
    
                    Google Scholar 
                

	Chatterjee S, Hirschler NV, Petzold SJ, Berger SJ, Berger NA: Mutant cells defective in poly(ADP-ribose) synthesis due to stable alterations in enzyme activity or substrate availability. Exp Cell Res 184: 1–15, 1989
PubMed 
    
                    Google Scholar 
                

	Chan JYH, Becker FF, German J, Ray JH: Altered DNA ligase I activity in Bloom's syndrome cells. Nature 325: 357–359, 1987
PubMed 
    
                    Google Scholar 
                

	Creissen D, Shall S: Regulation of DNA ligase activity by poly(ADP-ribose). Nature (London) 296: 271–272, 1982

                    Google Scholar 
                

	Jacobson EL, Meadows R, Measel J: Cell cycle perturbations following DNA damage in the presence of ADP-ribosylation inhibitors. Carcinogeneses, 6: 711–714, 1985

                    Google Scholar 
                

	Jacobson EL, Smith JY, Wielckens K, Hilz H, Jacobson MK: Cellular recovery of dividing and confluent C3H10T1/2 cells fromN-methyl-N′-nitrosoguanidine in the presence of ADP-ribosylation inhibitors. Carcinogenesis 6: 715–718, 1985
PubMed 
    
                    Google Scholar 
                

	Boorstein RJ, pardee AB: 3-Aminobenzamide is lethal to MMS-damaged human fibroblasts primarily during S phase. J Cell Physiol 120: 345–353, 1984
PubMed 
    
                    Google Scholar 
                

	Wiencke JK, Morgan WF: Cell cycle-dependent potentiation of x-rayinduced chromosomal aberration by 3-aminobenzamide. Biochem Biophys Res Commun 143: 372–376, 1987
PubMed 
    
                    Google Scholar 
                

	Chatterjee S, Trivedi D, Petzold SJ, Berger NA: Mechanism of Epipodophyllotoxin-induced cell death in poly(adenosine diphosphate-ribose) synthesis-deficient V79 Chinese hamster cell lines. Cancer Res 50: 2713–2718, 1990
PubMed 
    
                    Google Scholar 
                

	Chatterjee S, Cheng MF, Berger NA: Hypersensitivity to clinically useful alkylating agents and radiation in poly(ADP-ribose) polymerase-deficient cell lines. Cancer Commun 2: 401–407, 1990
PubMed 
    
                    Google Scholar 
                

	Chatterjee S, Cheng MF, Berger SJ, Berger NA: Alkylating agent hypersensitivity in poly(adenosine diphosphate-ribose) polymerase deficient cell lines. Cancer Commun 3: 71–75, 1991
PubMed 
    
                    Google Scholar 
                

	Spirodonidis CA, Chatterjee S, Petzold SJ, Berger NA: Topoisomerase II-dependent and-independent mechanisms of etoposide resistance in Chinese hamster cell lines. Cancer Res 49: 644–650, 1989
PubMed 
    
                    Google Scholar 
                

	Anhström G, Erixon K: Measurement of strand breaks by alkaline denaturation and hydroxyapatite chromatography. In: Friedberg EC, Hanawalt PC (eds) DNA Repair, A laboratory Manual of Research Procedures, Vol. 1, Part B. Marcel Dekker Inc, New York Basel. 1981, pp 403–418

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Medicine and Ireland Cancer Center, University Hospitals of Cleveland, Case Western Reserve University, 2074 Abington Road, 44106, Cleveland, OH, USA
Satadal Chatterjee & Nathan A. Berger


Authors	Satadal ChatterjeeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nathan A. BergerView author publications
You can also search for this author in
                        PubMed Google Scholar







About this article
Cite this article
Chatterjee, S., Berger, N.A. Growth-phase-dependent response to DNA damage in poly(ADP-ribose) polymerase deficient cell lines: basis for a new hypothesis describing the role of poly(ADP-ribose) polymerase in DNA replication and repair.
                    Mol Cell Biochem 138, 61–69 (1994). https://doi.org/10.1007/BF00928444
Download citation
	Issue Date: December 1994

	DOI: https://doi.org/10.1007/BF00928444


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
                        


Key words
	poly(ADP-ribose) polymerase
	poly(ADP-ribose) polymerase deficiency
	X-ray damage
	MNNG damage
	DNA replication and growth arrest
	DNA recombination and repair








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.89.229.10
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    