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MITOCHONDRIAL AGING –METABOLISM AND LONGEVITYPART I
 Krisztián KvellMolecular and Clinical Basics of Gerontology – Lecture 23
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TÁMOP-4.1.2-08/1/A-2009-0011
 FBSN: Familial bilateral striatal necrosisLHON:
 Leber’s hereditary optic neuropathyMILS: Maternally-inherited Leigh syndromeNARP: Neuropathy, ataxia, and retinitis
 pigmentosa
 PEO: Progressive external ophthalmoplegia
 MELAS: Mitochondrial encephalomyopathy, lactic acidosis and stroke-like episodes
 MELAS: Mitochondrial encephalomyopathy, lactic acidosis,and stroke-like episodes
 PEO: Progressive external ophthalmoplegia
 LHON: Leber’s hereditary optic neuropathy
 QIM
 Genes encoded by mtDNA
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 Human mtDNA16,569 bp
 LHON
 Cardiomyopathy
 Deafness
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 Diabetes MERRF
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 NARP
 Induced deafness
 Respiratory deficiency
 MELAS
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 FBSN
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 MERF: Mycoclorus epilepsy with ragged-red fibers
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TÁMOP-4.1.2-08/1/A-2009-0011
 • Various number and size, dynamic structures (budding, fusion, fission)
 • High metabolic activity, intracellular power house, major source and target of ROS
 • Extranuclear, double stranded, closed, circular mtDNA, its length is 16,569 bp
 • mtDNA Encodes 37 genes, 2 rRNAs, 22 tRNAs, 13 respiratory chain polypeptides
 Characteristics of mitochondria and mtDNA
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TÁMOP-4.1.2-08/1/A-2009-0011
 RNA PolymerasemtTFAmtTFB1mtTFB2
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TÁMOP-4.1.2-08/1/A-2009-0011
 • Extreme economy of coding sequences (minimal non-coding DNA, no intron)
 • Not protected by histones• mtDNA repair mechanisms are less efficient• mtDNA mutation rate is 10× greater than
 gDNA
 Reasons of mitochondrial vulnerability
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TÁMOP-4.1.2-08/1/A-2009-0011
 • Superoxide (ROS) leak is 0.1% in mitochondria
 • SOD and co-enzyme Q levels affect life-span• Cardiolipin level decreases with age
 Reason and evidence ofmitochondrial aging
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TÁMOP-4.1.2-08/1/A-2009-0011
 Nervous system:Seizures, spasms, developmental delays, deafness, dementia, stroke (often before age 40), visual system defects, poor balance, problems with peripherial nerves
 Liver:Liver failure (uncommon except in babies with mtDNA depletion syndrome), fatty liver (hepatic steatosis)
 Heart:Cardiomyopathy (cardiac muscle weakness), conduction block
 Kidneys:Falconi’s syndrome (loss of essential metabolites in urine), nephrotic syndrome (uncommon except for infants with coenzyme Q10 deficiency)
 Eyes:Drooping eyelids (ptosis), inability to move eyes (external ophthalmoplegia), blindness (retinitis pigmentosa, optic atrophy), cataracts
 Sceletal muscle:Muscle weakness, exercise intolerance, cramps, excretion of muscle protein myoglobin in urine (myoglobulinuria)
 Digestive tract:Difficult swallowing, vomiting, feeling of being full, chronic diarrhea, symptoms of intestinal obstruction
 Pancreas:Diabetes
 Organ / tissue specific diseasesof mt origin

Page 10
                        

TÁMOP-4.1.2-08/1/A-2009-0011
 Category Other names Examples of symptomsExamples of related disorders
 OMIM records
 Complex I dysfunction
 NADHQ(1) oxidoreductase deficiency
 Exercise intolerance, muscle wasting, lactic acidosis, cardiomyopathy, poor growth
 Leigh syndrome, MELAS, MERRF, Pearson syndrome
 252010
 Complex II dysfunction
 Succinate CoQ reductase deficiency
 Short-stature, cardiomyopathy, muscle weakness, loss of motor skills, ataxia
 Kearns-Sayre syndrome, Leigh syndrome
 252011
 Complex III dysfunction
 Ubiquinol cytochrome c reductase deficiency
 Tubulopathy, encephalopathy, liver failure, muscle weakness, myoclonus, ataxia, mental confusion, exercise intolerance, metabolic acidosis
 Leigh syndrome, Pearson syndrome
 124000
 Complex IV dysfunction
 Cytochrome c oxidase deficiency
 Diminished reflexes, lactic acidosis, proteinuria, glucosuria and aminoaciduria, liver failure
 Leigh syndrome, MNGIE syndrome, Pearson syndrome
 220110
 Complex V dysfunction
 ATP synthase
 Lactic acidemia, hypotonia, neurodegenerative disease, retinitis pigmentosa, ataxia, mental retardation, cardiomyopathy, lactic acidosis
 Leigh syndrome, NARP syndrome
 516060
 Mitochondrial diseases classified
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TÁMOP-4.1.2-08/1/A-2009-0011
 • Same polymorphisms are related to complex diseases and longevity
 • No symptom until mtDNA mutation ratio > 60%
 • Clonal expansion of mutant mtDNA may occur
 • Cytochrome c oxidase (COX) defect as marker
 Diseases of mtDNA origin
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TÁMOP-4.1.2-08/1/A-2009-0011
 • Theory of Denham Harman in 1972• Molecule with unpaired electron• Mitochondrial respiratory chain leakage
 (90%)• Dopamine, nor-epinephrine• NOS (nitric oxide synthase)• Respiratory bursts of leukocytes• Environmental stimuli causing redox
 disbalance
 ROS and their major sources
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TÁMOP-4.1.2-08/1/A-2009-0011
 • SOD (CuZnSOD, MnSOD, FeSOD)• Catalase• Glutathione peroxidase• Vitamins C, E• Carotenoids• Coenzyme Q10• Glutathione (GSH)• Uric acide
 Antioxidants
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TÁMOP-4.1.2-08/1/A-2009-0011
 • ROS production is endogenous• Continuous effect, changes progressive
 with age• Deleterious effects on mtDNA• Irreversible effects
 Mitochondrial oxygen radical theory of aging (fulfilment of major aging theory criteria)
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TÁMOP-4.1.2-08/1/A-2009-0011
 ATP
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 +
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 reaction
 Energy deficit
 Aging and mitochondrial disease
 Outer membrane
 Inner membrane
 Nuclear DNA encoded subunitsMitochondria
 Mitochondrial ROS runaway
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TÁMOP-4.1.2-08/1/A-2009-0011
 • Mitochondrial ROS production is relevant parameter of aging
 • Anti-oxidants are usually not rate-limiting• Issues of CuZnSOD /MnSOD / FeSOD, GSH-
 peroxidase• Complex I of respiratory chain is main target
 and source of aging rate• Caloric restriction targets complex I as well
 Mitochondrial ROS production
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TÁMOP-4.1.2-08/1/A-2009-0011
 • Marker for oxidative mtDNA damage: 8-oxodG
 • 8-oxodG level is 10x > in mtDNA than in gDNA
 • Inefficient repair of 8-oxodG mtDNA damage
 • 8-oxodG alone is also mutagenic• Calorie restriction targets 8-oxodG levels
 as well
 mtDNA oxidative damage
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TÁMOP-4.1.2-08/1/A-2009-0011
 APOPTOSIS
 Caspase-8
 Caspase-3
 STRESS/STARVATION
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 DNA damage
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 Bax
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 Mitochondrial apoptosisdue to ex. stimulus
 ROS
 Nucleophosmin
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TÁMOP-4.1.2-08/1/A-2009-0011
 • PUFA residues are sensitive to ROS• PUFA are both ROS targets and mediators• PUFA content of mt membrane affects life-
 span
 Lipid peroxidation
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TÁMOP-4.1.2-08/1/A-2009-0011
 • HOMEOVISCOUS LONGEVITY ADAPTATION• DBI negatively correlates with size and MLS• Detrimental in vivo (mt, heart, neural system
 etc.)• SAM-P strain with increased AA and DHA
 levels • MDA-lysine adducts as markers for protein
 oxidative stress level
 PUFA controversy: AA and DHA
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TÁMOP-4.1.2-08/1/A-2009-0011
 • MDA-lysine adducts as markers for protein oxidative stress level
 • Oxidation of protein backbone• Formation of protein cross-linkages• Oxidation of amino acid side chains• Protein fragmentation
 Protein peroxidation
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TÁMOP-4.1.2-08/1/A-2009-0011
 • Direct: re-reduction of oxidized sulfhydril groups
 • Indirect: - Recognition, removal, degradation (proteasome,
 calpain, lysosome)- Replacement, re-utilization
 • Storage as lipofuscin (age pigment, ceroid)
 Repair following protein peroxidation
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TÁMOP-4.1.2-08/1/A-2009-0011
 • Increased levels of oxidized proteinsAlzheimer’s disease, ALS, cataract, RA, muscular dystrophy, RDS, progeria, Parkinson’s disease, Werner syndrome
 • Elevated content of modified proteins Cardiovascular, Alzheimer’s disease, atherosclerosis, Parkinson’s disease
 • Increased levels of protein glycation / glycoxidationDM, atherosclerosis, Alzheimer’s disease, Parkinson’s disease
 • Elevated content of protein nitrotyrosine damageAlzheimer’s disease, SM, lung injury, atherosclerosis
 Protein peroxidation and diseases
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