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                    Abstract

It is well established now that dietary calorie restriction (CR) leads to extension of life span in many species, although the exact mechanism of this effect is still eluding. In the present study, we examined the effect of 40 % CR imposed during a prolonged period of life span (from 6 to 30 months) of rats on the activity of DNA polymerase β (pol β) in view of its role in short gap base excision DNA repair and template driven primer extension. DNA pol β activity is very low at this late age. However, cortical neuronal extracts prepared from CR rats of 30 months age showed significantly higher pol β protein levels and activity when compared to control 30 month old rats. Yet, one-nucleotide gap repair in old control neurons and an improved efficiency in CR neurons could be visualized only after supplementation of the extracts with T4 DNA ligase indicating the lack of CR affect on ligase activity. No impressive primer extension activity is seen either in the CR or old control neurons. These results are taken to convey that extended CR through adult life leads to improved pol β activity and therefore, pol β dependent DNA gap repair activity.
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                    Abbreviations
	CR:
	
                    Dietary calorie restriction

                  
	BER:
	
                    Base excision repair

                  
	pol β:
	
                    DNA polymerase β

                  
	dNTPs:
	
                    The four deoxy-nucleoside triphosphates: dATP, dCTP, dGTP and dTTP

                  
	ATP:
	
                    Adenosine-5′-triphosphate

                  
	BSA:
	
                    Bovine serum albumin

                  



References
	McCay CM, Crowell MF, Maynard LA (1935) The effect of retarded growth upon the length of life span and upon the ultimate body size. J Nutr 10(1):63–79
CAS 
    
                    Google Scholar 
                

	Rao KS (2003) Dietary calorie restriction, DNA-repair and brain aging. Mol Cell Biochem 253(1–2):313–318
PubMed 
    
                    Google Scholar 
                

	Heydari AR, Unnikrishnan A, Lucente LV, Richardson A (2007) Caloric restriction and genomic stability. Nucleic Acids Res 35(22):7485–7496. doi:10.1093/nar/gkm860
                        
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Licastro F, Weindruch R, Davis LJ, Walford RL (1988) Effect of dietary restriction upon the age-associated decline of lymphocyte DNA-repair activity in mice. Age 11(2):48–52. doi:10.1007/Bf02431772
                        
Article 
    
                    Google Scholar 
                

	Rao KS, Ayyagari S, Raji NS, Murthy KJR (1996) Undernutrition and aging: effects on DNA repair in human peripheral lymphocytes. Curr Sci 71(6):464–469

                    Google Scholar 
                

	Weraarchakul N, Strong R, Wood WG, Richardson A (1989) The effect of aging and dietary restriction on DNA repair. Exp Cell Res 181(1):197–204
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Asakura S, Sawada S, Daimon H, Fukuda T, Ogura K, Yamatsu K, Furihata C (1994) Effects of dietary restriction on induction of unscheduled DNA synthesis (UDS) and replicative DNA synthesis (RDS) in rat liver. Mutat Res 322(4):257–264
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Raji NS, Surekha A, Rao KS (1998) Improved DNA-repair parameters in PHA-stimulated peripheral blood lymphocytes of human subjects with low body mass index. Mech Ageing Dev 104(2):133–148. doi:10.1016/s0047-6374(98)00062-1
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Leakey JA, Cunny HC, Bazare J Jr, Webb PJ, Lipscomb JC, Slikker W Jr, Feuers RJ, Duffy PH, Hart RW (1989) Effects of aging and caloric restriction on hepatic drug metabolizing enzymes in the Fischer 344 rat. II: Effects on conjugating enzymes. Mech Ageing Dev 48(2):157–166
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Waser J, Hubscher U, Kuenzle CC, Spadari S (1979) DNA polymerase beta from brain neurons is a repair enzyme. Eur J Biochem 97(2):361–368
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Prapurna DR, Rao KS (1997) DNA polymerases delta and epsilon in developing and aging rat brain. Int J Dev Neurosci 15(1):67–73
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Raji NS, Krishna TH, Rao KS (2002) DNA-polymerase alpha, beta, delta and epsilon activities in isolated neuronal and astroglial cell fractions from developing and aging rat cerebral cortex. Int J Dev Neurosci 20(6):491–496
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wilson SH (1998) Mammalian base excision repair and DNA polymerase beta. Mutat Res 407(3):203–215. doi:10.1016/s0921-8777(98)00002-0
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Idriss HT, Al-Assar O, Wilson SH (2002) DNA polymerase beta. Int J Biochem Cell Biol 34(4):321–324
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Dianov GL, Prasad R, Wilson SH, Bohr VA (1999) Role of DNA polymerase beta in the excision step of long patch mammalian base excision repair. J Biol Chem 274(20):13741–13743. doi:10.1074/jbc.274.20.13741
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Podlutsky AJ, Dianova II, Wilson SH, Bohr VA, Dianov GL (2001) DNA synthesis and dRPase activities of polymerase beta are both essential for single-nucleotide patch base excision repair in mammalian cell extracts. Biochemistry 40(3):809–813
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Prapurna DR, Rao KS (1996) Long-term effects of caloric restriction initiated at different ages on DNA polymerases in rat brain. Mech Ageing Dev 92(2–3):133–142. doi:10.1016/S0047-6374(96)01815-5
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rani BU, Singh NI, Ray A, Rao KS (1983) Procedure for isolation of neuron- and astrocyte-enriched fractions from chick brain of different ages. J Neurosci Res 10(1):101–105. doi:10.1002/jnr.490100112
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Krishna TH, Mahipal S, Sudhakar A, Sugimoto H, Kalluri R, Rao KS (2005) Reduced DNA gap repair in aging rat neuronal extracts and its restoration by DNA polymerase beta and DNA-ligase. J Neurochem 92(4):818–823. doi:10.1111/j.1471-4159.2004.02923.x
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bradford MM (1976) A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye binding. Anal Biochem 72:248–254
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Vyjayanti VN, Chary NS, Rao KS (2008) On the inhibitory affect of some dementia drugs on DNA polymerase beta activity. Neurochem Res 33(11):2187–2196. doi:10.1007/s11064-007-9587-3
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rao KS, Annapurna VV, Raji NS, Harikrishna T (2000) Loss of base excision repair in aging rat neurons and its restoration by DNA polymerase beta. Brain Res Mol Brain Res 85(1–2):251–259
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cabelof DC, Yanamadala S, Raffoul JJ, Guo Z, Soofi A, Heydari AR (2003) Caloric restriction promotes genomic stability by induction of base excision repair and reversal of its age-related decline. DNA Repair (Amst) 2(3):295–307
Article 
    CAS 
    
                    Google Scholar 
                

	Kisby GE, Kohama SG, Olivas A, Churchwell M, Doerge D, Spangler E, de Cabo R, Ingram DK, Imhof B, Bao G, Kow YW (2010) Effect of caloric restriction on base-excision repair (BER) in the aging rat brain. Exp Gerontol 45(3):208–216. doi:10.1016/j.exger.2009.12.003
                        
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Acknowledgments
This work is supported by the Indian Council of Medical Research (ICMR), New Delhi, in the form of an advanced research center and Council of Scientific and Industrial Research (CSIR) is thanked for the Junior Research Fellowship and contingency grant to U. Swain and V. N. Vyjayanti. Our grateful thanks are due to Drs Samuel Wilson and Rajendra Prasad of Laboratory of Structural Biology, NIEHS, NIH, Research Triangle Park, North Carolina, USA, for the generous gift of purified human recombinant pol β enzyme. We thank Govardhan Chary for his help in maintaining the rats.


Author information
Author notes	Kalluri Subba Rao
Present address: School of Medical Sciences, University of Hyderabad, Hyderabad, 500 046, India


Authors and Affiliations
	Department of Biochemistry, School of Life Sciences, University of Hyderabad, Hyderabad, 500 046, India
Umakanta Swain, V. N. Vyjayanti, T. Harikrishna, S. Mahipal & Kalluri Subba Rao


Authors	Umakanta SwainView author publications
You can also search for this author in
                        PubMed Google Scholar



	V. N. VyjayantiView author publications
You can also search for this author in
                        PubMed Google Scholar



	T. HarikrishnaView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. MahipalView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kalluri Subba RaoView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Kalluri Subba Rao.


Ethics declarations

              
              
                Conflict of interest

                The authors have declared that no conflict of interest exists.

              
            

Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Swain, U., Vyjayanti, V.N., Harikrishna, T. et al. Dietary Calorie Restriction from Adulthood Through Old Age in Rats: Improved DNA Polymerase β and DNA Gap Repair Activity in Cortical Neurons.
                    Neurochem Res 41, 270–277 (2016). https://doi.org/10.1007/s11064-015-1787-7
Download citation
	Received: 16 July 2015

	Revised: 21 November 2015

	Accepted: 24 November 2015

	Published: 22 January 2016

	Issue Date: February 2016

	DOI: https://doi.org/10.1007/s11064-015-1787-7


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
                        


Keywords
	Base excision repair
	Neurons
	pol β
	Gap repair
	Dietary calorie restriction








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.235.186.91
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    