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                                     Abstract
This chapter describes our current knowledge of a fascinating class of C. elegans longevity mutants, the mitochondrial (Mit) mutants, whose lifespan extension is paradoxically triggered by interventions that directly or indirectly affect the functionality of the mitochondrial electron transport chain. We first give an overview of mitochondrial origin, structure, and functions, focusing on main difference between C. elegans and other organisms. We then describe different mitochondrial targeting interventions (gene silencing, genetic mutations, and pharmacological interventions), which modulate C. elegans longevity in a spatial (tissue), temporal (through development), and dose (mitochondrial hormesis) dependent manner. These interventions not only extend lifespan, but also concurrently affect additional animal phenotypes and behaviours, such as fertility, development, body size, neuromuscular activities and resistance to stress. In the last part of the chapter we summarize the major mitochondrial stress responses causally involved in C. elegans lifespan extension, such as ROS and antioxidant defence mechanisms, mitochondrial unfolded protein response, autophagy and mitophagy, ATP and metabolic reprogramming. Finally, we discuss the importance of studying the relationship between mitochondria and the ageing process in C. elegans from a translational perspective.
Keywords
	Ageing
	Mitochondria
	Mit mutants
	Mitohormesis
	Mitochondrial stress responses
	Mitophagy
	Transcritption factors
	Metabolic reprogramming




                                
                            

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

                                        

                                    
                                
                                
                                    
                                        
                                            
 
  
   Buying options

   
    
     	
       
        Chapter
      
	
       
        USD   29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter
     

    

    
     	
       
        eBook
      
	
       USD   99.00
      
	
       Price excludes VAT (USA)
      


        
      	Available as EPUB and PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook
     

    

    
     	
       
        Softcover Book
      
	
       USD   129.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book
     

    

    
     	
       
        Hardcover Book
      
	
       USD   199.99
      
	
       Price excludes VAT (USA)
      


        
      	Durable hardcover edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Hardcover Book
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only
Learn about institutional subscriptions
  

 

 
 


                                        

                                    
                                
                            

                            

                            
                            
                                
                            


                            

                            

                             References
	Wallin IE (1926) Bacteria and the origin of species. Science 64(1651):173–175. doi:10.1126/science.64.1651.173

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sagan L (1967) On the origin of mitosing cells. J Theor Biol 14(3):255–274
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gray MW (2012) Mitochondrial evolution. Cold Spring Harb Perspect Biol 4(9):a011403. doi:10.1101/cshperspect.a011403

Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Gray MW, Burger G, Lang BF (1999) Mitochondrial evolution. Science 283(5407):1476–1481
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Okimoto R, Macfarlane JL, Clary DO, Wolstenholme DR (1992) The mitochondrial genomes of two nematodes, C. elegans and Ascaris suum. Genetics 130(3):471–498
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Tsang WY, Lemire BD (2003) The role of mitochondria in the life of the nematode, C. elegans. Biochim Biophys Acta 1638(2):91–105
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Johnson TE, Lithgow GJ (1992) The search for the genetic basis of aging: the identification of gerontogenes in the nematode C. elegans. J Am Geriatr Soc 40(9):936–945
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rea SL (2005) Metabolism in the C. elegans Mit mutants. Exp Gerontol 40(11):841–849. doi:10.1016/j.exger.2005.06.015

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ventura N, Rea SL, Testi R (2006) Long-lived C. elegans mitochondrial mutants as a model for human mitochondrial-associated diseases. Exp Gerontol 41(10):974–991. doi:10.1016/j.exger.2006.06.060

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Munkacsy E, Rea SL (2014) The paradox of mitochondrial dysfunction and extended longevity. Exp Gerontol 56:221–233. doi:10.1016/j.exger.2014.03.016

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Dancy BM, Sedensky MM, Morgan PG (2014) Effects of the mitochondrial respiratory chain on longevity in C. elegans. Exp Gerontol 56:245–255. doi:10.1016/j.exger.2014.03.028

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chang HW, Shtessel L, Lee SS (2015) Collaboration between mitochondria and the nucleus is key to long life in C. elegans. Free Radic Biol Med 78:168–178. doi:10.1016/j.freeradbiomed.2014.10.576

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lopez-Otin C, Blasco MA, Partridge L, Serrano M, Kroemer G (2013) The hallmarks of aging. Cell 153(6):1194–1217. doi:10.1016/j.cell.2013.05.039

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Tigges J, Krutmann J, Fritsche E, Haendeler J, Schaal H, Fischer JW, Kalfalah F, Reinke H, Reifenberger G, Stuhler K, Ventura N, Gundermann S, Boukamp P, Boege F (2014) The hallmarks of fibroblast ageing. Mech Ageing Dev 138:26–44. doi:10.1016/j.mad.2014.03.004

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Harman D (1956) Aging: a theory based on free radical and radiation chemistry. J Gerontol 11(3):298–300
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Swerdlow RH (2009) The neurodegenerative mitochondriopathies. J Alzheimers Dis 17(4):737–751. doi:10.3233/JAD-2009-1095

CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Hroudova J, Singh N, Fisar Z (2014) Mitochondrial dysfunctions in neurodegenerative diseases: relevance to Alzheimer’s disease. Biomed Res Int 2014:175062. doi:10.1155/2014/175062

Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Montgomery MK, Turner N (2015) Mitochondrial dysfunction and insulin resistance: an update. Endocr Connect 4(1):R1–R15. doi:10.1530/EC-14-0092

Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Felkai S, Ewbank JJ, Lemieux J, Labbe JC, Brown GG, Hekimi S (1999) CLK-1 controls respiration, behavior and aging in the nematode C. elegans. Embo J 18(7):1783–1792
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Feng J, Bussiere F, Hekimi S (2001) Mitochondrial electron transport is a key determinant of life span in C. elegans. Dev Cell 1(5):633–644
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rea SL, Ventura N, Johnson TE (2007) Relationship between mitochondrial electron transport chain dysfunction, development, and life extension in C. elegans. PLoS Biol 5(10):e259
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Ventura N, Rea SL (2007) C. elegans mitochondrial mutants as an investigative tool to study human neurodegenerative diseases associated with mitochondrial dysfunction. Biotechnol J 2(5):584–595. doi:10.1002/biot.200600248

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ishii N, Fujii M, Hartman PS, Tsuda M, Yasuda K, Senoo-Matsuda N, Yanase S, Ayusawa D, Suzuki K (1998) A mutation in succinate dehydrogenase cytochrome b causes oxidative stress and ageing in nematodes. Nature 394(6694):694–697
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hartman PS, Ishii N, Kayser EB, Morgan PG, Sedensky MM (2001) Mitochondrial mutations differentially affect aging, mutability and anesthetic sensitivity in C. elegans. Mech Ageing Dev 122(11):1187–1201
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Artal-Sanz M, Tsang WY, Willems EM, Grivell LA, Lemire BD, van der Spek H, Nijtmans LG (2003) The mitochondrial prohibitin complex is essential for embryonic viability and germline function in C. elegans. J Biol Chem 278(34):32091–32099
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hoffmann M, Bellance N, Rossignol R, Koopman WJ, Willems PH, Mayatepek E, Bossinger O, Distelmaier F (2009) C. elegans ATAD-3 is essential for mitochondrial activity and development. PLoS One 4(10):e7644. doi:10.1371/journal.pone.0007644

Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Tsang WY, Sayles LC, Grad LI, Pilgrim DB, Lemire BD (2001) Mitochondrial respiratory chain deficiency in C. elegans results in developmental arrest and increased life span. J Biol Chem 276(34):32240–32246. doi:10.1074/jbc.M103999200

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ventura N, Rea S, Henderson ST, Condo I, Johnson TE, Testi R (2005) Reduced expression of frataxin extends the lifespan of C. elegans. Aging Cell 4(2):109–112
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hamilton B, Dong Y, Shindo M, Liu W, Odell I, Ruvkun G, Lee SS (2005) A systematic RNAi screen for longevity genes in C. elegans. Genes Dev 19(13):1544–1555. doi:10.1101/gad.1308205

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Hansen M, Hsu AL, Dillin A, Kenyon C (2005) New genes tied to endocrine, metabolic, and dietary regulation of lifespan from a C. elegans genomic RNAi screen. PLoS Genet 1(1):119–128
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Dillin A, Hsu AL, Arantes-Oliveira N, Lehrer-Graiwer J, Hsin H, Fraser AG, Kamath RS, Ahringer J, Kenyon C (2002) Rates of behavior and aging specified by mitochondrial function during development. Science 298(5602):2398–2401
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lee SS, Lee RY, Fraser AG, Kamath RS, Ahringer J, Ruvkun G (2003) A systematic RNAi screen identifies a critical role for mitochondria in C. elegans longevity. Nat Genet 33(1):40–48. doi:10.1038/ng1056

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hoffmann M, Honnen S, Mayatepek E, Watjen W, Koopman WJ, Bossinger O, Distelmaier F (2012) MICS-1 interacts with mitochondrial ATAD-3 and modulates lifespan in C. elegans. Exp Gerontol 47(3):270–275. doi:10.1016/j.exger.2011.12.011

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yang W, Hekimi S (2010) Two modes of mitochondrial dysfunction lead independently to lifespan extension in C. elegans. Aging Cell 9(3):433–447. doi:10.1111/j.1474-9726.2010.00571.x

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yanos ME, Bennett CF, Kaeberlein M (2012) Genome-wide RNAi longevity screens in C. elegans. Curr Genomics 13(7):508–518. doi:10.2174/138920212803251391

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Schiavi A, Maglioni S, Palikaras K, Shaik A, Strappazzon F, Brinkmann V, Torgovnick A, Castelein N, De Henau S, Braeckman BP, Cecconi F, Tavernarakis N, Ventura N (2015) Iron-starvation-induced mitophagy mediates lifespan extension upon mitochondrial stress in C. elegans. Curr Biol 25(14):1810–1822. doi:10.1016/j.cub.2015.05.059

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Schiavi A, Torgovnick A, Kell A, Megalou E, Castelein N, Guccini I, Marzocchella L, Gelino S, Hansen M, Malisan F, Condo I, Bei R, Rea SL, Braeckman BP, Tavernarakis N, Testi R, Ventura N (2013) Autophagy induction extends lifespan and reduces lipid content in response to frataxin silencing in C. elegans. Exp Gerontol 48(2):191–201. doi:10.1016/j.exger.2012.12.002

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Maglioni S, Schiavi A, Runci A, Shaik A, Ventura N (2014) Mitochondrial stress extends lifespan in C. elegans through neuronal hormesis. Exp Gerontol 56:89–98. doi:10.1016/j.exger.2014.03.026

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cristina D, Cary M, Lunceford A, Clarke C, Kenyon C (2009) A regulated response to impaired respiration slows behavioral rates and increases lifespan in C. elegans. PLoS Genet 5(4):e1000450. doi:10.1371/journal.pgen.1000450

Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Houtkooper RH, Mouchiroud L, Ryu D, Moullan N, Katsyuba E, Knott G, Williams RW, Auwerx J (2013) Mitonuclear protein imbalance as a conserved longevity mechanism. Nature 497(7450):451–457. doi:10.1038/nature12188

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Liu Y, Samuel BS, Breen PC, Ruvkun G (2014) C. elegans pathways that surveil and defend mitochondria. Nature 508(7496):406–410. doi:10.1038/nature13204

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Durieux J, Wolff S, Dillin A (2011) The cell-non-autonomous nature of electron transport chain-mediated longevity. Cell 144(1):79–91. doi:10.1016/j.cell.2010.12.016

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ewbank JJ, Barnes TM, Lakowski B, Lussier M, Bussey H, Hekimi S (1997) Structural and functional conservation of the C. elegans timing gene clk-1. Science 275(5302):980–983
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wong A, Boutis P, Hekimi S (1995) Mutations in the clk-1 gene of C. elegans affect developmental and behavioral timing. Genetics 139(3):1247–1259
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Miyadera H, Amino H, Hiraishi A, Taka H, Murayama K, Miyoshi H, Sakamoto K, Ishii N, Hekimi S, Kita K (2001) Altered quinone biosynthesis in the long-lived clk-1 mutants of C. elegans. J Biol Chem 276(11):7713–7716
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rea S (2001) CLK-1/Coq7p is a DMQ mono-oxygenase and a new member of the di-iron carboxylate protein family. FEBS Lett 509(3):389–394
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kayser EB, Sedensky MM, Morgan PG, Hoppel CL (2004) Mitochondrial oxidative phosphorylation is defective in the long-lived mutant clk-1. J Biol Chem 279(52):54479–54486
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Butler JA, Mishur RJ, Bhaskaran S, Rea SL (2013) A metabolic signature for long life in the C. elegans Mit mutants. Aging Cell 12(1):130–138. doi:10.1111/acel.12029

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Butler JA, Ventura N, Johnson TE, Rea SL (2010) Long-lived mitochondrial (Mit) mutants of C. elegans utilize a novel metabolism. Faseb J 24:4977
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Falk MJ, Zhang Z, Rosenjack JR, Nissim I, Daikhin E, Nissim I, Sedensky MM, Yudkoff M, Morgan PG (2008) Metabolic pathway profiling of mitochondrial respiratory chain mutants in C. elegans. Mol Genet Metab 93(4):388–397. doi:10.1016/j.ymgme.2007.11.007

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lemieux J, Lakowski B, Webb A, Meng Y, Ubach A, Bussiere F, Barnes T, Hekimi S (2001) Regulation of physiological rates in C. elegans by a tRNA-modifying enzyme in the mitochondria. Genetics 159(1):147–157
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	de Jong L, Meng Y, Dent J, Hekimi S (2004) Thiamine pyrophosphate biosynthesis and transport in the nematode C. elegans. Genetics 168(2):845–854. doi:10.1534/genetics.104.028605

Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Hohmann S, Meacock PA (1998) Thiamin metabolism and thiamin diphosphate-dependent enzymes in the yeast Saccharomyces cerevisiae: genetic regulation. Biochim Biophys Acta 1385(2):201–219
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Khan MH, Ligon M, Hussey LR, Hufnal B, Farber R 2nd, Munkacsy E, Rodriguez A, Dillow A, Kahlig E, Rea SL (2013) TAF-4 is required for the life extension of isp-1, clk-1 and tpk-1 Mit mutants. Aging 5:741
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Maglioni S, Arsalan N, Franchi L, Hurd A, Opipari AW, Glick GD, Ventura N (2015) An automated phenotype-based microscopy screen to identify pro-longevity interventions acting through mitochondria in C. elegans. Biochim Biophys Acta. doi:10.1016/j.bbabio.2015.05.004

PubMed 
    
                    Google Scholar 
                

	Onken B, Driscoll M (2010) Metformin induces a dietary restriction-like state and the oxidative stress response to extend C. elegans Healthspan via AMPK, LKB1, and SKN-1. PLoS One 5(1):e8758. doi:10.1371/journal.pone.0008758

Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	De Haes W, Frooninckx L, Van Assche R, Smolders A, Depuydt G, Billen J, Braeckman BP, Schoofs L, Temmerman L (2014) Metformin promotes lifespan through mitohormesis via the peroxiredoxin PRDX-2. Proc Natl Acad Sci U S A 111(24):E2501–E2509. doi:10.1073/pnas.1321776111

Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Schmeisser S, Priebe S, Groth M, Monajembashi S, Hemmerich P, Guthke R, Platzer M, Ristow M (2013) Neuronal ROS signaling rather than AMPK/sirtuin-mediated energy sensing links dietary restriction to lifespan extension. Mol Metab 2(2):92–102. doi:10.1016/j.molmet.2013.02.002

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yang W, Hekimi S (2010) A mitochondrial superoxide signal triggers increased longevity in C. elegans. PLoS Biol 8(12):e1000556. doi:10.1371/journal.pbio.1000556

Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Ishii N, Senoo-Matsuda N, Miyake K, Yasuda K, Ishii T, Hartman PS, Furukawa S (2004) Coenzyme Q10 can prolong C. elegans lifespan by lowering oxidative stress. Mech Ageing Dev 125(1):41–46. doi:10.1016/j.mad.2003.10.002

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Melov S, Ravenscroft J, Malik S, Gill MS, Walker DW, Clayton PE, Wallace DC, Malfroy B, Doctrow SR, Lithgow GJ (2000) Extension of life-span with superoxide dismutase/catalase mimetics. Science 289(5484):1567–1569
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ng LF, Gruber J, Cheah IK, Goo CK, Cheong WF, Shui G, Sit KP, Wenk MR, Halliwell B (2014) The mitochondria-targeted antioxidant MitoQ extends lifespan and improves healthspan of a transgenic C. elegans model of Alzheimer disease. Free Radic Biol Med 71:390–401. doi:10.1016/j.freeradbiomed.2014.03.003

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chin RM, Fu X, Pai MY, Vergnes L, Hwang H, Deng G, Diep S, Lomenick B, Meli VS, Monsalve GC, Hu E, Whelan SA, Wang JX, Jung G, Solis GM, Fazlollahi F, Kaweeteerawat C, Quach A, Nili M, Krall AS, Godwin HA, Chang HR, Faull KF, Guo F, Jiang M, Trauger SA, Saghatelian A, Braas D, Christofk HR, Clarke CF, Teitell MA, Petrascheck M, Reue K, Jung ME, Frand AR, Huang J (2014) The metabolite alpha-ketoglutarate extends lifespan by inhibiting ATP synthase and TOR. Nature 510(7505):397–401. doi:10.1038/nature13264

CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Wahl DR, Byersdorfer CA, Ferrara JL, Opipari AW Jr, Glick GD (2012) Distinct metabolic programs in activated T cells: opportunities for selective immunomodulation. Immunol Rev 249(1):104–115. doi:10.1111/j.1600-065X.2012.01148.x

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Edwards C, Canfield J, Copes N, Rehan M, Lipps D, Bradshaw PC (2014) D-beta-hydroxybutyrate extends lifespan in C. elegans. Aging 6(8):621–644
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Mouchiroud L, Molin L, Kasturi P, Triba MN, Dumas ME, Wilson MC, Halestrap AP, Roussel D, Masse I, Dalliere N, Segalat L, Billaud M, Solari F (2010) Pyruvate imbalance mediates metabolic reprogramming and mimics lifespan extension by dietary restriction in C. elegans. Aging Cell 10(1):39–54
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Cho SC, Park MC, Keam B, Choi JM, Cho Y, Hyun S, Park SC, Lee J (2010) DDS, 4,4′-diaminodiphenylsulfone, extends organismic lifespan. Proc Natl Acad Sci U S A 107(45):19326–19331. doi:10.1073/pnas.1005078107

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Edwards CB, Copes N, Brito AG, Canfield J, Bradshaw PC (2013) Malate and fumarate extend lifespan in C. elegans. PLoS One 8(3):e58345. doi:10.1371/journal.pone.0058345

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lemire BD, Behrendt M, DeCorby A, Gaskova D (2009) C. elegans longevity pathways converge to decrease mitochondrial membrane potential. Mech Ageing Dev 130(7):461–465. doi:10.1016/j.mad.2009.05.001

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rossignol R, Faustin B, Rocher C, Malgat M, Mazat JP, Letellier T (2003) Mitochondrial threshold effects. Biochem J 370(Pt 3):751–762
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Jonassen T, Larsen PL, Clarke CF (2001) A dietary source of coenzyme Q is essential for growth of long-lived C. elegans clk-1 mutants. Proc Natl Acad Sci U S A 98(2):421–426
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Calabrese EJ, Baldwin LA (2002) Defining hormesis. Hum Exp Toxicol 21(2):91–97
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yun J, Finkel T (2014) Mitohormesis. Cell Metab 19(5):757–766. doi:10.1016/j.cmet.2014.01.011

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Tapia PC (2006) Sublethal mitochondrial stress with an attendant stoichiometric augmentation of reactive oxygen species may precipitate many of the beneficial alterations in cellular physiology produced by caloric restriction, intermittent fasting, exercise and dietary phytonutrients: “Mitohormesis” for health and vitality. Med Hypotheses 66(4):832–843. doi:10.1016/j.mehy.2005.09.009

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ristow M, Schmeisser K (2014) Mitohormesis: promoting health and lifespan by increased levels of Reactive Oxygen Species (ROS). Dose Response 12(2):288–341. doi:10.2203/dose-response.13-035.Ristow

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ristow M (2014) Unraveling the truth about antioxidants: mitohormesis explains ROS-induced health benefits. Nat Med 20(7):709–711. doi:10.1038/nm.3624

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mouchiroud L, Houtkooper RH, Moullan N, Katsyuba E, Ryu D, Canto C, Mottis A, Jo YS, Viswanathan M, Schoonjans K, Guarente L, Auwerx J (2013) The NAD(+)/sirtuin pathway modulates longevity through activation of mitochondrial UPR and FOXO signaling. Cell 154(2):430–441. doi:10.1016/j.cell.2013.06.016

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ventura N, Rea SL, Schiavi A, Torgovnick A, Testi R, Johnson TE (2009) p53/CEP‐1 increases or decreases lifespan, depending on level of mitochondrial bioenergetic stress. Aging Cell 8(4):380–393
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Williams GC (1957) Pleiotropy, natural selection, and the evolution of senescence. Evolution 11(4):398–411. doi:10.2307/2406060

Article 
    
                    Google Scholar 
                

	Campisi J (2005) Aging, tumor suppression and cancer: high wire-act! Mech Ageing Dev 126(1):51–58. doi:10.1016/j.mad.2004.09.024

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ungewitter E, Scrable H (2009) Antagonistic pleiotropy and p53. Mech Ageing Dev 130(1–2):10–17. doi:10.1016/j.mad.2008.06.002

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Promislow DE (2004) Protein networks, pleiotropy and the evolution of senescence. Proc Biol Sci R Soc 271(1545):1225–1234. doi:10.1098/rspb.2004.2732

Article 
    CAS 
    
                    Google Scholar 
                

	Kapahi P (2010) Protein synthesis and the antagonistic pleiotropy hypothesis of aging. Adv Exp Med Biol 694:30–37
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ng YS, Turnbull DM (2015) Mitochondrial disease: genetics and management. J Neurol. doi:10.1007/s00415-015-7884-3

PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Garcia-Cao I, Garcia-Cao M, Martin-Caballero J, Criado LM, Klatt P, Flores JM, Weill JC, Blasco MA, Serrano M (2002) “Super p53” mice exhibit enhanced DNA damage response, are tumor resistant and age normally. EMBO J 21(22):6225–6235
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Baruah A, Chang H, Hall M, Yuan J, Gordon S, Johnson E, Shtessel LL, Yee C, Hekimi S, Derry WB, Lee SS (2014) CEP-1, the C. elegans p53 homolog, mediates opposing longevity outcomes in mitochondrial electron transport chain mutants. PLoS Genet 10(2):e1004097. doi:10.1371/journal.pgen.1004097

Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Apfeld J, Kenyon C (1999) Regulation of lifespan by sensory perception in C. elegans. Nature 402(6763):804–809
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bishop NA, Guarente L (2007) Two neurons mediate diet-restriction-induced longevity in C. elegans. Nature 447(7144):545–549
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hsin H, Kenyon C (1999) Signals from the reproductive system regulate the lifespan of C. elegans. Nature 399(6734):362–366
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wang MC, O’Rourke EJ, Ruvkun G (2008) Fat metabolism links germline stem cells and longevity in C. elegans. Science 322(5903):957–960, 322/5903/957 [pii] 10.1126/science.1162011
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Gerisch B, Weitzel C, Kober-Eisermann C, Rottiers V, Antebi A (2001) A hormonal signaling pathway influencing C. elegans metabolism, reproductive development, and life span. Dev Cell 1(6):841–851
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gropman AL (2004) The neurological presentations of childhood and adult mitochondrial disease: established syndromes and phenotypic variations. Mitochondrion 4(5–6):503–520. doi:10.1016/j.mito.2004.07.009

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	DiMauro S, Schon EA (2003) Mitochondrial respiratory-chain diseases. N Engl J Med 348(26):2656–2668. doi:10.1056/NEJMra022567

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ndegwa S, Lemire BD (2004) C. elegans development requires mitochondrial function in the nervous system. Biochem Biophys Res Commun 319(4):1307–1313. doi:10.1016/j.bbrc.2004.05.108

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Walter L, Baruah A, Chang HW, Pace HM, Lee SS (2011) The homeobox protein CEH-23 mediates prolonged longevity in response to impaired mitochondrial electron transport chain in C. elegans. PLoS Biol 9(6):e1001084. doi:10.1371/journal.pbio.1001084

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Shore DE, Ruvkun G (2013) A cytoprotective perspective on longevity regulation. Trends Cell Biol 23(9):409–420. doi:10.1016/j.tcb.2013.04.007

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kirienko NV, Kirienko DR, Larkins-Ford J, Wahlby C, Ruvkun G, Ausubel FM (2013) Pseudomonas aeruginosa disrupts C. elegans iron homeostasis, causing a hypoxic response and death. Cell Host Microbe 13(4):406–416. doi:10.1016/j.chom.2013.03.003

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kirienko NV, Ausubel FM, Ruvkun G (2015) Mitophagy confers resistance to siderophore-mediated killing by Pseudomonas aeruginosa. Proc Natl Acad Sci U S A 112(6):1821–1826. doi:10.1073/pnas.1424954112

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Schulz TJ, Zarse K, Voigt A, Urban N, Birringer M, Ristow M (2007) Glucose restriction extends C. elegans life span by inducing mitochondrial respiration and increasing oxidative stress. Cell Metab 6(4):280–293
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Schmeisser S, Schmeisser K, Weimer S, Groth M, Priebe S, Fazius E, Kuhlow D, Pick D, Einax JW, Guthke R, Platzer M, Zarse K, Ristow M (2013) Mitochondrial hormesis links low-dose arsenite exposure to lifespan extension. Aging Cell 12(3):508–517. doi:10.1111/acel.12076

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Van Raamsdonk JM, Hekimi S (2012) Superoxide dismutase is dispensable for normal animal lifespan. Proc Natl Acad Sci U S A 109(15):5785–5790. doi:10.1073/pnas.1116158109

Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lee SJ, Hwang AB, Kenyon C (2010) Inhibition of respiration extends C. elegans life span via reactive oxygen species that increase HIF-1 activity. Curr Biol 20(23):2131–2136. doi:10.1016/j.cub.2010.10.057

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yee C, Yang W, Hekimi S (2014) The intrinsic apoptosis pathway mediates the pro-longevity response to mitochondrial ROS in C. elegans. Cell 157(4):897–909. doi:10.1016/j.cell.2014.02.055

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Senoo-Matsuda N, Hartman PS, Akatsuka A, Yoshimura S, Ishii N (2003) A complex II defect affects mitochondrial structure, leading to ced-3- and ced-4-dependent apoptosis and aging. J Biol Chem 278(24):22031–22036
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rauthan M, Ranji P, Abukar R, Pilon M (2015) A mutation in C. elegans NDUF-7 activates the mitochondrial stress response and prolongs lifespan via ROS and CED-4. G3 (Bethesda) 5(8):1639–1648. doi:10.1534/g3.115.018598

Article 
    
                    Google Scholar 
                

	Schaar CE, Dues DJ, Spielbauer KK, Machiela E, Cooper JF, Senchuk M, Hekimi S, Van Raamsdonk JM (2015) Mitochondrial and cytoplasmic ROS have opposing effects on lifespan. PLoS Genet 11(2):e1004972. doi:10.1371/journal.pgen.1004972

Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Shore DE, Carr CE, Ruvkun G (2012) Induction of cytoprotective pathways is central to the extension of lifespan conferred by multiple longevity pathways. PLoS Genet 8(7):e1002792. doi:10.1371/journal.pgen.1002792

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	An JH, Blackwell TK (2003) SKN-1 links C. elegans mesendodermal specification to a conserved oxidative stress response. Genes Dev 17(15):1882–1893
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Henderson ST, Johnson TE (2001) daf-16 integrates developmental and environmental inputs to mediate aging in the nematode C. elegans. Curr Biol 11(24):1975–1980
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tullet JM, Hertweck M, An JH, Baker J, Hwang JY, Liu S, Oliveira RP, Baumeister R, Blackwell TK (2008) Direct inhibition of the longevity-promoting factor SKN-1 by insulin-like signaling in C. elegans. Cell 132(6):1025–1038. doi:10.1016/j.cell.2008.01.030

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Torgovnick A, Schiavi A, Testi R, Ventura N (2010) A role for p53 in mitochondrial stress response control of longevity in C. elegans. Exp Gerontol 45(7–8):550–557. doi:10.1016/j.exger.2010.02.007

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhao L, Ackerman SL (2006) Endoplasmic reticulum stress in health and disease. Curr Opin Cell Biol 18(4):444–452. doi:10.1016/j.ceb.2006.06.005

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jensen MB, Jasper H (2014) Mitochondrial proteostasis in the control of aging and longevity. Cell Metab 20(2):214–225. doi:10.1016/j.cmet.2014.05.006

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Haynes CM, Fiorese CJ, Lin YF (2013) Evaluating and responding to mitochondrial dysfunction: the mitochondrial unfolded-protein response and beyond. Trends Cell Biol 23(7):311–318. doi:10.1016/j.tcb.2013.02.002

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Pellegrino MW, Nargund AM, Haynes CM (2013) Signaling the mitochondrial unfolded protein response. Biochim Biophys Acta 1833(2):410–416. doi:10.1016/j.bbamcr.2012.02.019

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hill S, Van Remmen H (2014) Mitochondrial stress signaling in longevity: a new role for mitochondrial function in aging. Redox Biol 2:936–944. doi:10.1016/j.redox.2014.07.005

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yoneda T, Benedetti C, Urano F, Clark SG, Harding HP, Ron D (2004) Compartment-specific perturbation of protein handling activates genes encoding mitochondrial chaperones. J Cell Sci 117(Pt 18):4055–4066. doi:10.1242/jcs.01275

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Runkel ED, Liu S, Baumeister R, Schulze E (2013) Surveillance-activated defenses block the ROS-induced mitochondrial unfolded protein response. PLoS Genet 9(3):e1003346. doi:10.1371/journal.pgen.1003346

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Runkel ED, Baumeister R, Schulze E (2014) Mitochondrial stress: balancing friend and foe. Exp Gerontol 56:194–201. doi:10.1016/j.exger.2014.02.013

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bennett CF, Kaeberlein M (2014) The mitochondrial unfolded protein response and increased longevity: cause, consequence, or correlation? Exp Gerontol 56:142–146. doi:10.1016/j.exger.2014.02.002

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bennett CF, Vander Wende H, Simko M, Klum S, Barfield S, Choi H, Pineda VV, Kaeberlein M (2014) Activation of the mitochondrial unfolded protein response does not predict longevity in C. elegans. Nat Commun 5:3483. doi:10.1038/ncomms4483

Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Mizushima N (2007) Autophagy: process and function. Genes Dev 21(22):2861–2873. doi:10.1101/gad.1599207

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lapierre LR, De Magalhaes Filho CD, McQuary PR, Chu CC, Visvikis O, Chang JT, Gelino S, Ong B, Davis AE, Irazoqui JE, Dillin A, Hansen M (2013) The TFEB orthologue HLH-30 regulates autophagy and modulates longevity in C. elegans. Nat Commun 4:2267. doi:10.1038/ncomms3267

PubMed 
    
                    Google Scholar 
                

	Toth ML, Sigmond T, Borsos E, Barna J, Erdelyi P, Takacs-Vellai K, Orosz L, Kovacs AL, Csikos G, Sass M, Vellai T (2008) Longevity pathways converge on autophagy genes to regulate life span in C. elegans. Autophagy 4(3):330–338
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Moore MN (2008) Autophagy as a second level protective process in conferring resistance to environmentally-induced oxidative stress. Autophagy 4(2):254–256
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Azad MB, Chen Y, Gibson SB (2009) Regulation of autophagy by reactive oxygen species (ROS): implications for cancer progression and treatment. Antioxid Redox Signal 11(4):777–790. doi:10.1089/ARS.2008.2270

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Scherz-Shouval R, Elazar Z (2011) Regulation of autophagy by ROS: physiology and pathology. Trends Biochem Sci 36(1):30–38. doi:10.1016/j.tibs.2010.07.007

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	An WG, Kanekal M, Simon MC, Maltepe E, Blagosklonny MV, Neckers LM (1998) Stabilization of wild-type p53 by hypoxia-inducible factor 1alpha. Nature 392(6674):405–408. doi:10.1038/32925

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Epstein AC, Gleadle JM, McNeill LA, Hewitson KS, O’Rourke J, Mole DR, Mukherji M, Metzen E, Wilson MI, Dhanda A, Tian YM, Masson N, Hamilton DL, Jaakkola P, Barstead R, Hodgkin J, Maxwell PH, Pugh CW, Schofield CJ, Ratcliffe PJ (2001) C. elegans EGL-9 and mammalian homologs define a family of dioxygenases that regulate HIF by prolyl hydroxylation. Cell 107(1):43–54
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mehta R, Steinkraus KA, Sutphin GL, Ramos FJ, Shamieh LS, Huh A, Davis C, Chandler-Brown D, Kaeberlein M (2009) Proteasomal regulation of the hypoxic response modulates aging in C. elegans. Science 324(5931):1196–1198. doi:10.1126/science.1173507

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Leiser SF, Begun A, Kaeberlein M (2011) HIF-1 modulates longevity and healthspan in a temperature-dependent manner. Aging Cell 10(2):318–326. doi:10.1111/j.1474-9726.2011.00672.x

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kim I, Rodriguez-Enriquez S, Lemasters JJ (2007) Selective degradation of mitochondria by mitophagy. Arch Biochem Biophys 462(2):245–253. doi:10.1016/j.abb.2007.03.034

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Palikaras K, Lionaki E, Tavernarakis N (2015) Coordination of mitophagy and mitochondrial biogenesis during ageing in C. elegans. Nature. doi:10.1038/nature14300

PubMed 
    
                    Google Scholar 
                

	Curtis R, O’Connor G, DiStefano PS (2006) Aging networks in C. elegans: AMP-activated protein kinase (aak-2) links multiple aging and metabolism pathways. Aging Cell 5(2):119–126, doi:ACE205 [pii] 10.1111/j.1474-9726.2006.00205.x
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zuryn S, Kuang J, Tuck A, Ebert PR (2010) Mitochondrial dysfunction in C. elegans causes metabolic restructuring, but this is not linked to longevity. Mech Ageing Dev 131(9):554–561. doi:10.1016/j.mad.2010.07.004

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kuang J, Ebert PR (2012) The failure to extend lifespan via disruption of complex II is linked to preservation of dynamic control of energy metabolism. Mitochondrion 12(2):280–287. doi:10.1016/j.mito.2011.10.003

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lourenco AB, Munoz-Jimenez C, Venegas-Caleron M, Artal-Sanz M (2015) Analysis of the effect of the mitochondrial prohibitin complex, a context-dependent modulator of longevity, on the C. elegans metabolome. Biochim Biophys Acta 1847(11):1457–1468. doi:10.1016/j.bbabio.2015.06.003

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Artal-Sanz M, Tavernarakis N (2009) Prohibitin couples diapause signalling to mitochondrial metabolism during ageing in C. elegans. Nature 461(7265):793–797
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cutler RG, Thompson KW, Camandola S, Mack KT, Mattson MP (2014) Sphingolipid metabolism regulates development and lifespan in C. elegans. Mech Ageing Dev 143–144:9–18. doi:10.1016/j.mad.2014.11.002

Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lapierre LR, Gelino S, Melendez A, Hansen M (2011) Autophagy and lipid metabolism coordinately modulate life span in germline-less C. elegans. Curr Biol 21(18):1507–1514. doi:10.1016/j.cub.2011.07.042

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Sobek S, Boege F (2014) DNA topoisomerases in mtDNA maintenance and ageing. Exp Gerontol 56:135–141. doi:10.1016/j.exger.2014.01.009

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sobek S, Dalla Rosa I, Pommier Y, Bornholz B, Kalfalah F, Zhang H, Wiesner RJ, von Kleist-Retzow JC, Hillebrand F, Schaal H, Mielke C, Christensen MO, Boege F (2013) Negative regulation of mitochondrial transcription by mitochondrial topoisomerase I. Nucleic Acids Res 41(21):9848–9857. doi:10.1093/nar/gkt768

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Bess AS, Crocker TL, Ryde IT, Meyer JN (2012) Mitochondrial dynamics and autophagy aid in removal of persistent mitochondrial DNA damage in C. elegans. Nucleic Acids Res 40(16):7916–7931. doi:10.1093/nar/gks532

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Szczepanowska K, Trifunovic A (2015) Different faces of mitochondrial DNA mutators. Biochim Biophys Acta 1847(11):1362–1372. doi:10.1016/j.bbabio.2015.05.016

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Xu J, Marzetti E, Seo AY, Kim JS, Prolla TA, Leeuwenburgh C (2010) The emerging role of iron dyshomeostasis in the mitochondrial decay of aging. Mech Ageing Dev 131(7–8):487–493. doi:10.1016/j.mad.2010.04.007

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Fang EF, Scheibye-Knudsen M, Brace LE, Kassahun H, SenGupta T, Nilsen H, Mitchell JR, Croteau DL, Bohr VA (2014) Defective mitophagy in XPA via PARP-1 hyperactivation and NAD(+)/SIRT1 reduction. Cell 157(4):882–896. doi:10.1016/j.cell.2014.03.026

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Rippo MR, Olivieri F, Monsurro V, Prattichizzo F, Albertini MC, Procopio AD (2014) MitomiRs in human inflamm-aging: a hypothesis involving miR-181a, miR-34a and miR-146a. Exp Gerontol 56:154–163. doi:10.1016/j.exger.2014.03.002

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Heestand BN, Shen Y, Liu W, Magner DB, Storm N, Meharg C, Habermann B, Antebi A (2013) Dietary restriction induced longevity is mediated by nuclear receptor NHR-62 in C. elegans. PLoS Genet 9(7):e1003651. doi:10.1371/journal.pgen.1003651

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Goudeau J, Bellemin S, Toselli-Mollereau E, Shamalnasab M, Chen Y, Aguilaniu H (2011) Fatty acid desaturation links germ cell loss to longevity through NHR-80/HNF4 in C. elegans. PLoS Biol 9(3):e1000599. doi:10.1371/journal.pbio.1000599

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Shmookler Reis RJ, Xu L, Lee H, Chae M, Thaden JJ, Bharill P, Tazearslan C, Siegel E, Alla R, Zimniak P, Ayyadevara S (2011) Modulation of lipid biosynthesis contributes to stress resistance and longevity of C. elegans mutants. Aging 3(2):125–147
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	O’Rourke EJ, Kuballa P, Xavier R, Ruvkun G (2013) omega-6 Polyunsaturated fatty acids extend life span through the activation of autophagy. Genes Dev 27(4):429–440. doi:10.1101/gad.205294.112

Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Ludewig AH, Kober-Eisermann C, Weitzel C, Bethke A, Neubert K, Gerisch B, Hutter H, Antebi A (2004) A novel nuclear receptor/coregulator complex controls C. elegans lipid metabolism, larval development, and aging. Genes Dev 18(17):2120–2133. doi:10.1101/gad.312604

Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Van Raamsdonk JM, Hekimi S (2009) Deletion of the mitochondrial superoxide dismutase sod-2 extends lifespan in C. elegans. PLoS Genet 5(2):e1000361. doi:10.1371/journal.pgen.1000361

Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Kirchman PA, Kim S, Lai CY, Jazwinski SM (1999) Interorganelle signaling is a determinant of longevity in Saccharomyces cerevisiae. Genetics 152(1):179–190
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Copeland JM, Cho J, Lo T Jr, Hur JH, Bahadorani S, Arabyan T, Rabie J, Soh J, Walker DW (2009) Extension of Drosophila life span by RNAi of the mitochondrial respiratory chain. Curr Biol 19(19):1591–1598
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Dell’agnello C, Leo S, Agostino A, Szabadkai G, Tiveron C, Zulian A, Prelle A, Roubertoux P, Rizzuto R, Zeviani M (2007) Increased longevity and refractoriness to Ca(2+)-dependent neurodegeneration in Surf1 knockout mice. Hum Mol Genet 16(4):431–444. doi:10.1093/hmg/ddl477

Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Liu X, Jiang N, Hughes B, Bigras E, Shoubridge E, Hekimi S (2005) Evolutionary conservation of the clk-1-dependent mechanism of longevity: loss of mclk1 increases cellular fitness and lifespan in mice. Genes Dev 19(20):2424–2434
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Spyridopoulos I, Fichtlscherer S, Popp R, Toennes SW, Fisslthaler B, Trepels T, Zernecke A, Liehn EA, Weber C, Zeiher AM, Dimmeler S, Haendeler J (2008) Caffeine enhances endothelial repair by an AMPK-dependent mechanism. Arterioscler Thromb Vasc Biol 28(11):1967–1974. doi:10.1161/ATVBAHA.108.174060

Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




 Author information
Authors and Affiliations
	Institute of Clinical Chemistry and Laboratory Diagnostic of the Heinrich Heine University, Leibniz Research Institute for Environmental Medicine (IUF), Duesseldorf, Germany
Alfonso Schiavi & Natascia Ventura


Authors	Alfonso SchiaviView author publications
You can also search for this author in
                        PubMed Google Scholar



	Natascia VenturaView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Natascia Ventura .


 Editor information
Editors and Affiliations
	Department of Molecular Biology and Genetics, Aarhus University, Aarhus, Denmark
Anders Olsen 

	Department of Metabolics & Aging, The Scripps Research Institute - Scripps Florida, Jupiter, Florida, USA
Matthew S. Gill 




 Rights and permissions
Reprints and permissions


 Copyright information
© 2017 Springer International Publishing Switzerland


 About this chapter
Cite this chapter
Schiavi, A., Ventura, N. (2017).  Mitochondrial Longevity Pathways.

                     In: Olsen, A., Gill, M. (eds) Ageing: Lessons from C. elegans. Healthy Ageing and Longevity. Springer, Cham. https://doi.org/10.1007/978-3-319-44703-2_5
Download citation
	.RIS
	.ENW
	.BIB

	DOI: https://doi.org/10.1007/978-3-319-44703-2_5

	Published: 07 December 2016

	
                            Publisher Name: Springer, Cham

	
                                Print ISBN: 978-3-319-44701-8

	
                                Online ISBN: 978-3-319-44703-2

	eBook Packages: Biomedical and Life SciencesBiomedical and Life Sciences (R0)


Share this chapter
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
                            







 Publish with us
Policies and ethics



                            
                            
    

                        

                    
                
                
                    
                        
                            
                                
                                    
                                        
                                            Access via your institution
                                            
                                                
                                            
                                        
                                    

                                
                            
                        
                        
                            
                        


                        
                            
                        


                        
                            

                                
                                    
                                        
                                            
 
  
   Buying options

   
    
     	
       
        Chapter
      
	
       
        USD   29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter
     

    

    
     	
       
        eBook
      
	
       USD   99.00
      
	
       Price excludes VAT (USA)
      


        
      	Available as EPUB and PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook
     

    

    
     	
       
        Softcover Book
      
	
       USD   129.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book
     

    

    
     	
       
        Hardcover Book
      
	
       USD   199.99
      
	
       Price excludes VAT (USA)
      


        
      	Durable hardcover edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Hardcover Book
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only
Learn about institutional subscriptions
  

 

 
 


                                        

                                    
                                

                                

                                

                                

                            

                        

                    
                

            
    

        
    


    
        
            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
						
						
					


		
	
	
		
			
				
					
					34.203.247.36
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	





    

    
    
    


