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Abstract 
Mitochondria, universally recognized as the powerhouse of the cell, represent one of 
the most evolutionarily conserved and functionally critical organelles in eukaryotic 
biology. These double-membraned structures orchestrate cellular energy production 
through oxidative phosphorylation, converting metabolic substrates into adenosine 
triphosphate (ATP) via the electron transport chain (ETC) and ATP synthase 
machinery. The intricate structural organization of mitochondria, characterized by the 
outer mitochondrial membrane, intermembrane space, inner mitochondrial membrane 
with its elaborate cristae formations, and the matrix compartment, directly supports 
optimal bioenergetic function. However, this same energy-producing machinery 
generates reactive oxygen species (ROS) as metabolic byproducts, establishing a 
delicate balance between energy production and oxidative stress. When this 
equilibrium is disrupted, mitochondrial dysfunction emerges as a central pathogenic 
mechanism underlying numerous human diseases, including neurodegenerative 
disorders such as Alzheimer's and Parkinson's disease, various cancers exhibiting 
metabolic reprogramming, type 2 diabetes, obesity, and the fundamental processes of 
cellular aging. Understanding the structural-functional relationships governing 
mitochondrial bioenergetics and ROS homeostasis has profound implications for 
developing targeted therapeutic interventions. This review aims to explore the intricate 
connections between mitochondrial architecture, energy metabolism, oxidative stress 
generation, and their collective impact on human health and disease, providing insights 
that bridge fundamental cell biology with translational medicine. 
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1. Introduction 

Mitochondria occupy a central position in cellular physiology, serving as the primary sites of ATP production in eukaryotic cells 

and functioning as critical regulators of cellular metabolism, calcium homeostasis, and apoptotic signaling. These organelles 

evolved from ancestral α-proteobacterial endosymbionts approximately 1.5 billion years ago, retaining their own circular DNA 

genome and specialized protein synthesis machinery while becoming indispensable for aerobic life. The fundamental process of 

oxidative phosphorylation (OXPHOS) occurs within mitochondria, where the sequential transfer of electrons through protein 

complexes embedded in the inner mitochondrial membrane creates a proton gradient that drives ATP synthesis. This 

chemiosmotic coupling mechanism, first proposed by Peter Mitchell, represents one of the most efficient energy conversion 

systems in biology. 

The concept of oxidative stress emerges from the inherent paradox of aerobic metabolism: while oxygen serves as the terminal 

electron acceptor enabling efficient ATP production, the electron transport process inevitably generates reactive oxygen species 

as byproducts. Under physiological conditions, cellular antioxidant defense systems maintain ROS levels within a narrow range 

that permits beneficial signaling functions while preventing oxidative damage. However, when ROS production exceeds 

antioxidant capacity, oxidative stress ensues, leading to progressive damage of cellular components including lipids, proteins,  

and nucleic acids. This redox imbalance has been implicated in the pathogenesis of numerous age-related diseases and 



International Journal of Advanced Biochemistry Research Noosphere www.biochemistryresearchjournal.com 

 
    16 | P a g e  

 

represents a fundamental mechanism of cellular aging. 

The objective of this review is to establish clear connections 

between mitochondrial structural organization and functional 

outcomes, particularly focusing on how architectural features 

optimize bioenergetic efficiency while influencing ROS 

generation patterns. By integrating current understanding of 

mitochondrial structure-function relationships with emerging 

insights into oxidative stress mechanisms, we aim to provide 

a comprehensive framework for understanding mitochondrial 

contributions to human health and disease. 

 

2. Literature Review 

The historical understanding of mitochondria has evolved 

dramatically since their initial microscopic identification in 

the late 19th century by Albert von Kölliker. The 

revolutionary endosymbiotic theory, championed by Lynn 

Margulis in the 1960s, fundamentally transformed our 

comprehension of mitochondrial origins and explained the 

presence of bacterial-like features including circular DNA, 

70S ribosomes, and double membrane architecture. This 

theory gained substantial support through phylogenetic 

analyses demonstrating mitochondrial genetic similarity to α-

proteobacteria, particularly Rickettsia species. 

Peter Mitchell's chemiosmotic hypothesis, proposed in 1961 

and later recognized with the Nobel Prize in Chemistry, 

established the theoretical foundation for understanding 

oxidative phosphorylation. Mitchell's model explained how 

electron transport creates an electrochemical gradient across 

the inner mitochondrial membrane, with the resulting proton-

motive force driving ATP synthesis through the ATP 

synthase complex. This paradigm-shifting concept connected 

structural membrane organization with functional energy 

production, establishing the fundamental principle that 

mitochondrial architecture directly influences bioenergetic 

efficiency. 

Early investigations into mitochondrial ROS production 

initially viewed these reactive species primarily as harmful 

byproducts of respiration. However, research in the 1990s 

and early 2000s revealed that ROS also function as important 

signaling molecules, regulating gene expression, enzyme 

activity, and cellular responses to metabolic stress. Key 

discoveries included the identification of specific sites of 

ROS production within electron transport complexes, 

particularly Complex I (NADH:ubiquinone oxidoreductase) 

and Complex III (ubiquinol:cytochrome c oxidoreductase), 

and the characterization of mitochondrial antioxidant systems 

including manganese superoxide dismutase (SOD2), 

glutathione peroxidase, and the thioredoxin system. 

Despite these advances, significant knowledge gaps remain 

regarding the precise mechanisms linking chronic ROS 

exposure to disease development. The relationship between 

mitochondrial dysfunction and pathology appears complex 

and context-dependent, with variations in tissue-specific 

metabolic demands, antioxidant capacity, and repair 

mechanisms influencing disease susceptibility. 

Understanding these nuanced relationships requires 

continued investigation into the molecular determinants of 

mitochondrial function and dysfunction. 

 

3. Structural Organization of Mitochondria 

Mitochondrial architecture represents a remarkable example 

of structure-function optimization, with each compartment 

specialized for specific biochemical processes. The outer 

mitochondrial membrane (OMM) serves as the organelle's 

interface with the cytoplasm, containing porins that permit 

free passage of molecules up to 5 kDa while maintaining 

selective permeability for larger metabolites. This membrane 

houses key enzymes involved in lipid metabolism, including 

fatty acid synthesis and cholesterol biosynthesis pathways, 

and serves as a platform for apoptotic signaling through 

proteins such as Bcl-2 family members. 

The inner mitochondrial membrane (IMM) exhibits 

significantly greater impermeability, containing specialized 

transporters for metabolites, ions, and nucleotides. This 

membrane's most distinctive feature is its extensive folding 

into cristae structures, which dramatically increase the 

surface area available for electron transport chain complexes 

and ATP synthase. Cristae morphology varies significantly 

across cell types and metabolic states, with cells having high 

energy demands typically displaying more numerous and 

elaborate cristae formations. Recent cryo-electron 

microscopy studies have revealed that cristae possess 

complex three-dimensional architectures, with narrow 

tubular junctions connecting cristae compartments to the 

intermembrane space, creating specialized 

microenvironments that optimize proton gradient formation 

and ATP synthesis. 

The intermembrane space, despite its relatively small 

volume, plays crucial roles in electron transport chain 

function, housing mobile electron carriers such as 

cytochrome c and facilitating proton accumulation that drives 

ATP synthesis. This compartment also contains enzymes 

involved in nucleotide metabolism and serves as a reservoir 

for apoptogenic factors released during programmed cell 

death. 

The mitochondrial matrix contains the organelle's own 

genetic system, including circular double-stranded DNA 

molecules (mtDNA) encoding 13 essential electron transport 

chain subunits, 22 transfer RNAs, and 2 ribosomal RNAs. 

The matrix houses 70S ribosomes responsible for 

synthesizing mitochondrially-encoded proteins, as well as 

enzymes for mtDNA replication, transcription, and 

translation. Additionally, the matrix contains most enzymes 

of the citric acid cycle, fatty acid β-oxidation pathway, and 

amino acid catabolism, establishing it as the primary site of 

substrate oxidation preceding electron transport. 

Mitochondrial dynamics, encompassing fission and fusion 

processes, continuously remodel organellar morphology in 

response to cellular energy demands and stress conditions. 

Fusion processes, mediated by dynamin-related GTPases 

including mitofusins (Mfn1 and Mfn2) and optic atrophy 1 

(OPA1), promote content mixing and complementation of 

damaged components. Conversely, fission events driven by 

dynamin-related protein 1 (Drp1) facilitate mitochondrial 

distribution during cell division and enable selective 

elimination of damaged organelles through mitophagy. 

 

4. Functional Basis of Mitochondrial Bioenergetics 

The electron transport chain represents the culmination of 

cellular respiration, where reducing equivalents generated 

through substrate oxidation drive proton pumping and ATP 

synthesis. This system comprises four multi-subunit protein 

complexes (I-IV) and ATP synthase (Complex V), along with 

mobile electron carriers ubiquinone and cytochrome c. 

Complex I (NADH:ubiquinone oxidoreductase) accepts 

electrons from NADH, the primary product of substrate 

oxidation in the citric acid cycle and fatty acid β-oxidation. 

This massive complex, containing 45 subunits in mammals, 
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couples electron transfer to the pumping of four protons from 

the matrix to the intermembrane space, contributing 

significantly to the proton-motive force. 

Complex II (succinate:ubiquinone oxidoreductase) uniquely 

serves dual functions as both an electron transport chain 

component and a citric acid cycle enzyme. Unlike other 

complexes, Complex II does not pump protons but instead 

feeds electrons from succinate oxidation directly into the 

ubiquinone pool, providing an alternative entry point into the 

electron transport system that bypasses Complex I. 

Complex III (ubiquinol:cytochrome c oxidoreductase) 

employs the Q-cycle mechanism to transfer electrons from 

ubiquinone to cytochrome c while pumping protons across 

the inner membrane. This complex exhibits a unique 

bifurcated pathway where electrons follow different routes 

depending on the redox state of ubiquinone, enabling 

efficient energy coupling while generating some ROS as 

byproducts. 

Complex IV (cytochrome c oxidase) catalyzes the final step 

of electron transport, reducing molecular oxygen to water 

while pumping protons to maintain the electrochemical 

gradient. This terminal complex exhibits sophisticated 

allosteric regulation that coordinates electron transport with 

cellular energy demands, preventing excessive ROS 

production while maintaining efficient ATP synthesis. 

ATP synthase (Complex V) harnesses the proton-motive 

force generated by Complexes I, III, and IV to drive ATP 

synthesis from ADP and inorganic phosphate. This 

remarkable molecular motor exhibits rotational mechanics, 

with proton flow through the membrane-embedded F0 

domain driving rotation of the central shaft that induces 

conformational changes in the F1 domain's catalytic sites, 

enabling ATP synthesis with approximately 38% 

thermodynamic efficiency. 

Substrate utilization patterns significantly influence 

mitochondrial bioenergetics, with glucose, fatty acids, and 

amino acids each providing distinct metabolic inputs. 

Glucose catabolism through glycolysis generates pyruvate 

that enters mitochondria via the pyruvate carrier, feeding into 

the citric acid cycle after conversion to acetyl-CoA. Fatty 

acid β-oxidation provides abundant acetyl-CoA and reducing 

equivalents, supporting sustained ATP production 

particularly in metabolically active tissues such as cardiac 

and skeletal muscle. Amino acid catabolism contributes to 

energy production during periods of protein turnover or 

metabolic stress, with branched-chain amino acids serving as 

important alternative fuels. 

 

5. Oxidative Stress and ROS Generation 

Mitochondrial ROS production occurs primarily at specific 

sites within the electron transport chain, with Complexes I 

and III identified as the predominant sources under various 

physiological and pathological conditions. Complex I 

generates superoxide anion (O2•−) at two distinct sites: the 

flavin mononucleotide site during forward electron transport 

and the ubiquinone-binding site during reverse electron 

transport conditions. The latter occurs when the ubiquinone 

pool becomes highly reduced, typically during states of high 

membrane potential and abundant substrate availability, 

causing electrons to flow backwards from succinate through 

Complex II to Complex I. 

Complex III produces ROS primarily at the Qo site through 

the Q-cycle mechanism, where partial reduction of 

ubiquinone can lead to superoxide formation on both sides of 

the inner membrane. The rate of ROS production at Complex 

III is particularly sensitive to antimycin A treatment and 

displays a bell-shaped dependence on oxygen concentration, 

suggesting complex regulatory mechanisms governing 

electron transfer efficiency. 

Mitochondrial antioxidant defense systems have evolved to 

manage ROS levels while preserving beneficial signaling 

functions. Manganese superoxide dismutase (SOD2) 

represents the primary defense against mitochondrial 

superoxide, converting O2•− to hydrogen peroxide (H2O2) 

within the matrix. This H2O2 is subsequently detoxified by 

catalase, glutathione peroxidase, and peroxiredoxins, with 

glutathione serving as a critical reducing equivalent for 

peroxide elimination. The mitochondrial thioredoxin system, 

comprising thioredoxin-2, thioredoxin reductase-2, and 

NADPH, provides additional antioxidant capacity while 

supporting protein folding and repair processes. 

Oxidative damage to cellular components occurs when ROS 

production exceeds antioxidant capacity, leading to 

progressive accumulation of modified biomolecules. Lipid 

peroxidation affects membrane integrity and fluidity, with 

polyunsaturated fatty acids particularly susceptible to 

oxidative modification. The resulting aldehydic products, 

including malondialdehyde and 4-hydroxynonenal, can form 

protein adducts that impair cellular function. Protein 

oxidation involves amino acid modifications, particularly of 

cysteine, methionine, and tyrosine residues, leading to altered 

enzyme activity, protein aggregation, and cellular 

dysfunction. 

Mitochondrial DNA represents a particularly vulnerable 

target for oxidative damage due to its proximity to ROS-

generating sites, limited histone protection, and reduced 

repair capacity compared to nuclear DNA. Accumulation of 

mtDNA mutations and deletions has been implicated in aging 

processes and mitochondrial diseases, creating a vicious 

cycle where damaged electron transport complexes generate 

increased ROS levels. 

The role of ROS in apoptotic signaling involves multiple 

pathways, including mitochondrial permeability transition 

pore opening, cytochrome c release, and activation of caspase 

cascades. However, ROS also function as important signaling 

molecules in cellular adaptation responses, regulating 

hypoxia-inducible factor-1α stabilization, nuclear factor-κB 

activation, and various kinase pathways that coordinate 

metabolic adjustments to changing energy demands. 

 

6. Implications for Human Diseases 

Neurodegenerative diseases demonstrate particularly strong 

associations with mitochondrial dysfunction and oxidative 

stress, reflecting the high energy demands and limited 

regenerative capacity of neural tissue. Alzheimer's disease 

pathology involves progressive mitochondrial impairment 

characterized by reduced Complex IV activity, increased 

ROS production, and enhanced susceptibility to amyloid-β 

toxicity. Parkinson's disease specifically affects 

dopaminergic neurons in the substantia nigra, with Complex 

I deficiency serving as a consistent pathological feature 

alongside α-synuclein aggregation and oxidative damage. 

Huntington's disease, amyotrophic lateral sclerosis, and other 

neurodegenerative conditions similarly exhibit mitochondrial 

dysfunction as both cause and consequence of disease 

progression. 

Cancer metabolism demonstrates remarkable mitochondrial 

adaptations that support rapid proliferation and survival 
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under adverse conditions. The Warburg effect, characterized 

by preferential glucose utilization through glycolysis even 

under aerobic conditions, reflects metabolic reprogramming 

that reduces dependence on oxidative phosphorylation while 

supporting biosynthetic demands. However, many cancer 

cells retain functional mitochondria and can switch between 

glycolytic and oxidative metabolism depending on nutrient 

availability and tissue context. Mitochondrial ROS in cancer 

cells contribute to genomic instability, growth factor 

signaling, and resistance to apoptosis, while also representing 

potential therapeutic targets. 

Metabolic disorders including type 2 diabetes and obesity 

involve complex interactions between mitochondrial 

function, insulin sensitivity, and energy homeostasis. 

Skeletal muscle mitochondrial dysfunction in diabetes 

correlates with reduced oxidative enzyme capacity, altered 

substrate utilization, and increased oxidative stress. Adipose 

tissue mitochondria play crucial roles in thermogenesis and 

lipid metabolism, with brown adipose tissue mitochondria 

containing uncoupling protein-1 (UCP1) that dissipates 

proton gradients as heat rather than ATP synthesis. 

The mitochondrial theory of aging proposes that progressive 

accumulation of mitochondrial damage drives cellular 

senescence and organismal aging. This theory is supported by 

observations of age-related declines in mitochondrial 

function, increased ROS production, and accumulation of 

damaged cellular components. However, the relationship 

between mitochondrial function and aging appears complex, 

with some interventions that mildly impair mitochondrial 

function actually extending lifespan through hormetic 

responses that enhance stress resistance and metabolic 

efficiency. 

 

7. Therapeutic and Research Perspectives 

Current therapeutic approaches targeting mitochondrial 

dysfunction encompass several strategies ranging from 

general antioxidant supplementation to organelle-specific 

interventions. Traditional antioxidants such as vitamins C 

and E have shown limited clinical efficacy, possibly due to 

their inability to reach mitochondrial sites of ROS production 

or interference with beneficial ROS signaling. 

Mitochondrial-targeted antioxidants represent a more 

promising approach, with compounds such as MitoQ 

(mitochondria-targeted ubiquinone) and SS-31 (now known 

as elamipretide) designed to accumulate specifically within 

mitochondria and provide localized antioxidant protection. 

MitoQ consists of ubiquinone attached to a lipophilic 

triphenylphosphonium cation that enables selective 

mitochondrial accumulation driven by the membrane 

potential. Clinical trials have investigated MitoQ for various 

conditions including Parkinson's disease, though results have 

been mixed, highlighting the complexity of translating 

mitochondrial-targeted therapies to human disease. SS-31 

represents a different approach, consisting of a small peptide 

that localizes to the inner mitochondrial membrane and 

exhibits both antioxidant and membrane-stabilizing 

properties. 

Gene therapy approaches for mitochondrial diseases face 

unique challenges due to the maternal inheritance of mtDNA 

and the difficulty of targeting therapeutic genes to 

mitochondria. Mitochondrial replacement techniques, 

including pronuclear transfer and maternal spindle transfer, 

offer potential treatments for preventing mitochondrial 

disease transmission, though ethical considerations and 

technical limitations continue to constrain clinical 

applications. 

Emerging therapeutic strategies include CRISPR-based 

approaches for editing mitochondrial genomes, though 

current techniques face limitations in achieving efficient 

mitochondrial targeting. Nanotechnology platforms offer 

promising vehicles for delivering therapeutic agents 

specifically to mitochondria, with various nanoparticle 

formulations designed to overcome cellular and 

mitochondrial membrane barriers. Bioenergetic modulation 

through compounds that enhance mitochondrial biogenesis, 

improve electron transport efficiency, or activate cellular 

stress response pathways represents another active area of 

investigation. 

Future therapeutic development will likely focus on 

combination approaches that address multiple aspects of 

mitochondrial dysfunction simultaneously, personalized 

medicine strategies that account for individual variations in 

mitochondrial genetics and function, and preventive 

interventions that maintain mitochondrial health throughout 

the lifespan rather than attempting to reverse established 

dysfunction. 

 

8. Discussion 

The integration of structural and functional insights into 

mitochondrial biology reveals the remarkable sophistication 

of these organelles in managing energy production while 

minimizing oxidative damage. The precise organization of 

electron transport complexes within cristae membranes, the 

compartmentalization of metabolic processes, and the 

coordination of biogenesis and quality control mechanisms 

demonstrate evolutionary optimization for both efficiency 

and resilience. However, this same complexity creates 

multiple points of vulnerability where dysfunction can 

cascade through interconnected systems. 

Current challenges in targeting mitochondrial dysfunction for 

therapeutic benefit include the heterogeneity of 

mitochondrial populations within cells, tissue-specific 

differences in mitochondrial function and vulnerability, and 

the difficulty of distinguishing beneficial from harmful ROS 

signaling. The temporal dynamics of mitochondrial function, 

with rapid responses to changing energy demands and long-

term adaptations to metabolic stress, further complicate 

therapeutic targeting strategies. 

The need for translational approaches that bridge 

fundamental mechanistic understanding with clinical 

applications has become increasingly apparent. This includes 

developing better biomarkers for assessing mitochondrial 

function in vivo, creating more physiologically relevant 

experimental models that capture the complexity of human 

diseases, and designing clinical trials that account for the 

multifactorial nature of mitochondrial disorders. The 

emergence of precision medicine approaches that consider 

individual genetic variations in mitochondrial and nuclear 

genes affecting mitochondrial function offers promise for 

more effective therapeutic strategies. 

 

9. Conclusion 

Mitochondria represent far more than simple cellular 

powerhouses, functioning as sophisticated organelles that 

integrate energy production, metabolic regulation, signaling, 

and cell death pathways. The intricate relationship between 

mitochondrial structure and function demonstrates how 

evolutionary optimization has produced remarkably efficient 
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bioenergetic systems while maintaining mechanisms for 

managing the inevitable production of reactive oxygen 

species. Understanding these relationships provides crucial 

insights into both normal cellular physiology and the 

pathological processes underlying major human diseases. 

The clinical implications of mitochondrial dysfunction 

extend across numerous medical specialties, from neurology 

and oncology to endocrinology and geriatrics, highlighting 

the central importance of these organelles in human health. 

As our mechanistic understanding continues to advance, 

particularly through emerging technologies that enable real-

time monitoring of mitochondrial function and manipulation 

of specific pathways, the potential for developing effective 

mitochondrial-targeted therapies continues to grow. 

Future outlook suggests that mitochondria will serve as a 

central hub for therapeutic innovation, with interventions 

ranging from pharmacological agents and genetic therapies to 

lifestyle modifications and preventive strategies. The 

challenge lies in translating the complexity of mitochondrial 

biology into practical therapeutic approaches that can 

effectively address the diverse manifestations of 

mitochondrial dysfunction while preserving the essential 

functions of these remarkable organelles. Success in this 

endeavor promises to significantly advance our ability to treat 

age-related diseases, metabolic disorders, and other 

conditions where mitochondrial dysfunction plays a central 

pathogenic role. 

 

References 

1. Nunnari J, Suomalainen A. Mitochondria: in sickness 

and in health. Cell. 2012;148(6):1145-59. 

2. Murphy MP, Hartley RC. Mitochondria as a therapeutic 

target for common pathologies. Nat Rev Drug Discov. 

2018;17(12):865-86. 

3. Spinazzi M, Casarin A, Pertegato V, Salviati L, Angelini 

C. Assessment of mitochondrial respiratory chain 

enzymatic activities on tissues and cultured cells. Nat 

Protoc. 2012;7(6):1235-46. 

4. Brand MD, Nicholls DG. Assessing mitochondrial 

dysfunction in cells. Biochem J. 2011;435(2):297-312. 

5. Zorov DB, Juhaszova M, Sollott SJ. Mitochondrial 

reactive oxygen species (ROS) and ROS-induced ROS 

release. Physiol Rev. 2014;94(3):909-50. 

6. Picard M, Wallace DC, Burelle Y. The rise of 

mitochondria in medicine. Mitochondrion. 2016;30:105-

16. 

7. DiMauro S, Schon EA, Carelli V, Hirano M. The clinical 

maze of mitochondrial neurology. Nat Rev Neurol. 

2013;9(8):429-44. 

8. Wallace DC. A mitochondrial paradigm of metabolic 

and degenerative diseases, aging, and cancer: a dawn for 

evolutionary medicine. Annu Rev Genet. 2005;39:359-

407. 

9. Shadel GS, Horvath TL. Mitochondrial ROS signaling in 

organismal homeostasis. Cell. 2015;163(3):560-9. 

10. Youle RJ, van der Bliek AM. Mitochondrial fission, 

fusion, and stress. Science. 2012;337(6098):1062-5. 

11. Mitchell P. Coupling of phosphorylation to electron and 

hydrogen transfer by a chemi-osmotic type of 

mechanism. Nature. 1961;191:144-8. 

12. Cogliati S, Frezza C, Soriano ME, et al. Mitochondrial 

cristae shape determines respiratory chain organization 

and bioenergetic function. Cell. 2013;155(1):160-71. 

13. Turrens JF. Mitochondrial formation of reactive oxygen 

species. J Physiol. 2003;552(Pt 2):335-44. 

14. Green DR, Galluzzi L, Kroemer G. Mitochondria and the 

autophagy-inflammation-cell death axis in organismal 

aging. Science. 2011;333(6046):1109-12. 

15. Szendroedi J, Phielix E, Roden M. The role of 

mitochondria in insulin resistance and type 2 diabetes 

mellitus. Nat Rev Endocrinol. 2011;8(2):92-103. 

16. Hanahan D, Weinberg RA. Hallmarks of cancer: the next 

generation. Cell. 2011;144(5):646-74. 

17. Lin MT, Beal MF. Mitochondrial dysfunction and 

oxidative stress in neurodegenerative diseases. Nature. 

2006;443(7113):787-95. 

18. Kelso GF, Porteous CM, Coulter CV, et al. Selective 

targeting of a redox-active ubiquinone to mitochondria 

within cells: antioxidant and antiapoptotic properties. J 

Biol Chem. 2001;276(7):4588-96. 

19. Birk AV, Liu S, Soong Y, et al. The mitochondrial-

targeted compound SS-31 re-energizes ischemic 

mitochondria by interacting with cardiolipin. J Am Soc 

Nephrol. 2013;24(8):1250-61. 

20. Tachibana M, Sparman M, Sritanaudomchai H, et al. 

Mitochondrial gene replacement in primate offspring 

and embryonic stem cells. Nature. 2009;461(7262):367-

72. 

21. Russell O, Turnbull D. Mitochondrial DNA disease-

molecular insights and potential routes to a cure. Exp 

Cell Res. 2014;325(1):38-43. 

22. Vafai SB, Mootha VK. Mitochondrial disorders as 

windows into an ancient organelle. Nature. 

2012;491(7424):374-83. 

23. Raimundo N. Mitochondrial pathology: stress signals 

from the energy factory. Trends Mol Med. 

2014;20(5):282-92. 

24. Schieber M, Chandel NS. ROS function in redox 

signaling and oxidative stress. Curr Biol. 

2014;24(10):R453-62. 

25. López-Otín C, Blasco MA, Partridge L, Serrano M, 

Kroemer G. The hallmarks of aging. Cell. 

2013;153(6):1194-217. 

 


