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Introduction 
 

Mitochondria are double membrane 

subcellular organelles, and also known as 

the power house of the cells which is 

responsible for producing the major portion 

of cellular adenosine triphosphate (ATP) by 

oxidative phosphorylation (OXPHOS) (van 

der et al., 2005). Mitochondria is composed 

of two membrane structure the inner 

membrane and the outer membrane and the 

in between space is known as inter-

membrane space. Outer membrane has many 

protein based pores which allows passage of 

ions and molecules as well as small proteins. 

Inner membrane is less permeable and 

 

 

 

 

 

 

 

 

 
loaded with proteins which involved in 

electron transport and ATP synthesis. The 

electron Transport chain (ETC) consist of 

about 80 different polypeptides, which are 

organized into five transmembrane protein 

complexes (I-V). These protein complexes 

push protons to intermembrane space which 

creates concentration gradient of protons. 

The Proton gradient generated by complex I, 

III and IV is released through ATP synthase 

or complex V, which results in 

phosphorylation and adenosine diphosphate 

to adenosine triphosphate (ATP) (Okuno et 

al., 2011).   
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Mitochondria is the key organelle of cell which provide energy output for various 

functions and mechanisms inside the cell with the production of ATP and it is 

directly linked to the protection from chronic diseases such as neurodegenerative 

diseases, heart disease, diabetes and metabolic syndrome. Its biogenesis get 

affected by the alterations in both nuclear and mitochondrial DNA (mtDNA) due to 

the improper oxidative phosphorylation process. One possible approach to relieve 

this deficiency might be to boost the residual OXPHOS capacity by increasing the 

mitochondrial functional mass in the affected tissues. Heart is the organ which 

continuously contract and pump blood to whole body and this contraction is 

maintained by energy output from mitochondria. So the biogenesis and 

mechanisms of mitochondria is directly proportional to the working capacity and 

quality of heart health. Current treatments for heart disease address the symptoms 

of deficiency but not the cure. One possible approach to relieve the deficiency 

might be to boost the residual OXPHOS capacity by increasing the mitochondrial 

functional mass in the affected tissues which leads to the proper biogenesis of 

mitochondria and heart function. 
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In addition to the OXPHOS machinery, 

mitochondria are also known as metabolic 

signaling center of all the cells (Nunnari et 

al., 2012) performing many important 

biological functions such as regulation of 

apoptosis (Kujoth et al., 2005; Iwasawa et 

al., 2011) maintenance of cytosolic calcium 

homeostasis, lipid biosynthesis (Voelker, 

2009; De et al., 2011) and iron Sulphur 

cluster biogenesis (vander et al., 2005). 

Mitochondrial oxidative phosphorylation 

contribute the primary energy (ATP) supply 

in the myocardial cell. Although heart 

mitochondria are capable of rapidly 

accumulating significant amounts of 

calcium, their role in myocardial calcium 

metabolism is probably like a "cytosolic 

buffer or reservoir" system. Alterations due 

to oxidative stress in mitochondrial 

functions leads to cardiac disease. An 

increasing number of studies found 

mitochondrial dysfunction as the root of all 

disease, most notably in the heart and the 

central nervous system. The calcium 

accumulation into mitochondria may play a 

key role as a trigger to mitochondrial 

degeneration, especially when that calcium 

uptake is accompanied by another stressor, 

in particular nitrosative or oxidative stress. 

Oxidative stress is an imbalance between the 

systemic manifestation of reactive oxygen 

species and a biological system's ability to 

readily detoxify the reactive intermediates or 

to repair the resulting damage during lipid 

peroxidation. There are two major 

respiratory chain regions where ROS are 

produced, one being complex I (NADH 

coenzyme Q reductase) and the other 

complex III (ubiquinol cytochrome c 

reductase). The major process involved is 

the opening of the mitochondrial 

permeability transition pore, a large 

conductance pore which causes a collapse of 

the mitochondrial membrane potential and 

leads to ATP depletion and necrotic cell 

death or to cytochrome c release and 

apoptosis, depending on the rate of ATP 

consumption. These are the major source of 

reactive oxygen species (ROS), which can 

influence homeostatic signaling pathways, 

controlling the cell differentiation and 

proliferation (Hamanaka et al., 2010). 

 

Mitochondrial biogenesis is the key process 

by which cells increase their individual 

mitochondrial mass and copy number. 

Mitochondria are produced from the 

transcription and translation of genes both in 

the nuclear genome and in the mitochondrial 

genome. Mitochondrial biogenesis results in 

more mitochondrial tissues which increases 

metabolic enzymes for glycolysis, oxidative 

phosphorylation and ultimately a greater 

mitochondrial metabolic capacity in cells. 

Mitochondrial degeneration leads to various 

dysfunctions in cells, tissues and organs. 

 

 Mitochondrial dysfunctions are associated 

with a large proportion of human diseases, 

such as neurodegenerative disorders, 

cardiovascular disorders, neurometabolic 

diseases, cancer, obesity, etc. (Greaves et 

al., 2012; McFarland et al., 2009). These 

groups of diseases showing tissue-specific 

manifestations and affecting multiple organ 

systems. During the last two decades, there 

has been a rise in the studies related to the 

degeneration of mitochondrial DNA 

(mtDNA) mutations, and their role in the 

expression of disease phenotype. Although 

earlier considered to be a rare class of 

disorders, with about one in one million 

people being affected, the So, we can say 

mitochondria is heart of all the functions and 

its degeneration leads to major damage to 

the cell. At present, there is no definite cure 

for mitochondrial disorders, with most of the 

available treatments being directed towards 

relieving the symptoms (Suomalainen , 

2011). Proper diagnosis of mitochondrial 

disorders is very important. As mechanisms 

of mitochondrial disorders are not fully 
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understood, they remain the major challenge 

with respect to its diagnosis and treatment. 

In this review, we present an overview of 

mitochondrial biogenesis in heart function 

and failure. 

 

Energy Output Mechanism in 

Mitochondria 

 

Mitochondrial biogenesis is the result of 

processes and events from the growth and 

division of pre-existing organelles is 

mitochondrial biogenesis. According to the 

endosymbiotic theory, mitochondria are the 

descendants of a proteobacteria that became 

established in a host cell by the process of 

endosymbiosis. Due to their bacterial origin, 

mitochondria having their own genome and 

the capacity for auto replication. 

Mitochondrial proteins are encoded by both 

the genome mitochondrial genome as well 

as the nuclear genome. Thus, this requires a 

special coordination between protein 

synthesis, nuclear encoded protein import 

and assembly with mitochondrial encoded 

proteins. This process has to occur 

harmoniously with the synthesis of 

phospholipids and mitochondrial 

membranes. Furthermore, mitochondrial 

biogenesis is dependents upon the 

mitochondria’s ability to undergo 

fission/fusion which ensures proper 

organization of the mitochondrial network. 

 

In vertebrates, the circular mitochondrial 

DNA (mtDNA) is ~16.5 kb, double-

stranded, contains 37 genes encoding 13 

subunits of respiratory complexes I, III, IV 

and V, 2 ribosomal RNAs and 22 transfer 

RNAs necessary for the translation. 

Mitochondrial DNA is a multicopy genome 

and somatic mammalian cells generally have 

103 – 104 copies of it, with 2~10 genomes 

per organelle. Other mitochondrial proteins 

encoded by the nuclear genome include 

remaining subunits of the oxidative 

phosphorylation system (OXPHOS), 

enzymes and proteins involved in pyruvate 

oxidation, tricarboxylic acid cycle (TCA), 

fatty acid oxidation (FAO), stress responses 

and transport. Recent integrative proteomic 

and biochemical data estimated that some 

1,500 different proteins, corresponding to 

1,080 genes, are found in mitochondria 

(Calvo et al., 2006). 

 

To ensure proper mitochondrial function, 

nuclear-encoded proteins have to be 

correctly targeted and imported from the 

nucleus to the mitochondria (Baker et al., 

2007; Hood et al., 2004). Nuclear mRNAs 

are translated in the cytosol to precursor 

proteins with mitochondria-targeting 

sequences. They are then escorted and 

unfolded by molecular chaperones and 

finally imported into the mitochondrial 

matrix via the translocase of the outer 

membrane (TOM) and the translocase of the 

inner membrane (TIM) in a membrane 

potential-dependent manner. Subsequently, 

intramitochondrial proteins cleave the 

targeting sequences and refold the proteins 

into their mature conformation. Subunits of 

the respiratory chain complexes are 

assembled with mitochondrial encoded 

subunits and inserted in the inner membrane 

by mitochondrial export machinery (Hood et 

al., 2004). The transcriptional regulatory 

mechanisms controlling mitochondrial 

biogenesis are essential for the co-ordination 

of mitochondrial and nuclear genome 

expression (Finck et al., 2007; Puigserver et 

al., 2003; Scarpulla, 2008). 

 

Replication, maintenance and transcription 

of mitochondrial DNA are driven by the 

nuclear encoded mitochondrial transcription 

factor A (mtTFA) and two transcription 

specific factors (TFB1M and TFB2M), a 

single RNA polymerase (POLRMT) and a 

termination factor (mTERF) (Scarpulla RC, 

2008). By binding an upstream enhancer of 
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the two mitochondrial DNA strands, mtTFA 

promotes mitochondrial encoded gene 

transcription. 

 

The coordination between mitochondrial and 

nuclear gene expression is controlled by the 

interplay between specific transcription 

factors (i.e., the nuclear respiratory factors 

(NRFs), the peroxisome-proliferator 

activated receptors (PPARs), the estrogen 

related receptors (ERR) and others) and 

members of the transcriptional co-activator 

of peroxisome proliferator activated receptor 

(PPAR) gamma (PGC-1) family. NRF1 

and/or NRF2 not only controls the 

expression of mtTFA expression is under the 

control of NRF1 and/or NRF2. Moreover, 

NRFsbut are responsible for transcriptional 

activation of many nuclear-encoded 

mitochondrial proteins (Kelly et al., 2004), 

including the vast majority of genes required 

for the five respiratory complexes. ERRs 

conducts a comprehensive cardiac 

transcriptional program comprising uptake 

of energy substrates, production and 

transport of ATP across the mitochondrial 

membranes, and intracellular fuel sensing 

(Dufour et al., 2007). The transcription 

factor PPAR (peroxisome proliferator 

activated receptor alpha) regulates the FAO 

enzymes and fatty acid transporter 

expression is not regulated by NRFs, but 

instead, by the transcription factor PPAR 

(peroxisome proliferator activated receptor 

alpha) (Huss et al., 2004). 

 

The upstream regulator of the transcriptional 

pathway controlling mitochondrial 

biogenesis is the co-activator, PGC-1. PGC-

1 lacks DNA-binding activity; it interacts 

with and co-activates a number of 

transcription factors, including NRFs. 

Mitochondrial biogenesis and respiration are 

stimulated by PGC-1 through powerful 

induction of NRF1 and NRF2 gene 

expression. PGC-1 increases NRFs 

transcriptional activity on the promoter of 

mtTFA (Wu et al., 1999). Moreover, PGC-1 

interacts with and co-activates PPAR and its 

partner, the retinoid X receptor (RXR) 

(Finck, 2007; Vega et al., 2000). PGC-1 is 

also involved in FAO and nuclear-encoded 

OXPHOS gene expression and acts by co-

activating the estrogen-related receptor 

(ERR) (Scarpulla, 2008) PGC-1 is enriched 

in tissues with high oxidative activity such 

as heart and brown adipose tissue, and it is 

rapidly induced under conditions of 

increased energy demand such as cold, 

exercise, and fasting. PGC-1 levels correlate 

with mitochondrial protein levels, 

mitochondrial mass and cardiac oxidative 

capacity, suggesting that PGC-1 is a master 

regulator of mitochondrial biogenesis and 

energy metabolism (Garnier et al., 2003; 

Lehman et al., 2000). PGC-1 -deficient mice 

exhibit a cardiac dysfunction associated with 

a lessened ability to in-crease work in 

response to physiological stimuli. However, 

hearts lacking PGC-1 have a normal 

mitochondrial volume density, although, 

mitochondrial gene expression, oxidative 

capacity and fatty acid oxidation are 

reduced. (Lehman et al., 2008; Leone et al., 

2005). 

 

PGC-1 was the first-discovered member of a 

family of three related proteins that control 

major metabolic functions. Whereas the 

PGC-1-related coactivator (PRC) is 

expressed ubiquitously, PGC-1 and are 

enriched in mitochondria rich tissues. 

Deficiency in PGC-1 in the heart results in a 

general defect in the expression of genes 

encoding components of the electron 

transport chain and also a reduced 

mitochondrial volume fraction, leading to a 

blunted response to dobutamine stimulation 

(Lelliott et al., 2006). In addition to the 

regulated expression by various metabolic 

stimuli, the family of PGC-1 co-activators is 

also controlled by post- translational 
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modifications including phosphorylation, 

deacetylation and methylation (Ventura et 

al., 2008). PGC-1 is a critical regulatory 

molecule involved in the control of cardiac 

mitochondrial number and its functions. 
 

Mitochondrial Degeneration in Heart 

Failure 

 

Mitochondria and oxidative metabolism 

plays key role in the cardiac work and the 

body’s needs. Continuous contractile 

activity of the myocardium requires regular 

energy production, which is 95% supplied 

by mitochondrial respiration, mostly from 

fatty acid metabolism. The central role of 

mitochondria in cardiac contractility 

involves specific regulations and adaptations 

of mitochondrial network structure and 

function. This results from mitochondrial 

dynamic and biogenesis, which are 

responsible for mitochondrial growth, 

organization and mitochondrial component 

synthesis. Heart failure is a complex 

syndrome associated with a significant 

mortality. The mechanisms involved in this 

represents a major challenge. Energy 

metabolism and mitochondrial biogenesis 

disorders appear to play an important role in 

cardiac dysfunction and progression to heart 

failure. 

 

When mechanisms are exceeded, or, when 

the pathological stimulus occurs rapidly, the 

unction of heart deteriorates and shifts 

towards heart failure. It is a chronic 

syndrome in which the heart is not able to 

satisfy the metabolic and functional needs of 

the body.Regarding energy metabolism and 

mitochondrial biogenesis studies, there 

seems to be a consensus. Mitochondrial 

function is dramatically altered either in 

failing hearts of the dog (Marin et al., 2001; 

Sharov et al., 1998) rodent (De et al., 1999; 

Garnier et al., 2003; Javadov et al., 2005; 

Jullig et al., 2008) and human (Mettauer et 

al., 2006; Sharov et al., 2000). 

This dysfunction occurs by a down-

regulation of genes controlling 

mitochondrial biogenesis. Decreased cardiac 

PGC-1 expression was first reported in an 

experimental model of heart failure induced 

by thoracic aortic constriction (Garnier et 

al., 2003) and subsequently in numerous 

models of heart failure, such as experimental 

myocardial infarction (Kemi et al., 2007; 

Sun et al., 2007) aortic constriction (Witt et 

al., 2008) and in human dilated 

cardiomyopathy and ischemic disease 

(Sebastiani et al., 2007). Moreover, down-

regulation of NRFs and mtTFA and their 

downstream targets (citrate synthase and 

cytochrome c oxidase) was also reported 

(Garnier et al., 2003; Javadov et al., 2005; 

Jullig et al., 2008; Kemi et al., 2007; 

Sebastiani et al., 2007). Down-regulation of 

the whole mitochondrial transcription 

cascade occurs during heart failure. 

Interestingly, a sex-dependent difference 

was observed in mice after TAC, with thirty 

five genes controlling mitochondrial 

proteins, including PGC-1, being more 

affected in males than females (Witt et al., 

2008). In parallel to altered mitochondrial 

biogenesis, the failing heart also exhibits a 

decrease in PPAR content, correlated with 

FAO gene down-regulation and reduced 

fatty acid utilization (Sack et al., 1998; 

Sebastiani et al., 2007). These alterations in 

fatty acid metabolism seem to occur in 

advanced or end-stage heart failure, but not 

in early stages of the disease where normal 

rates of fatty acid oxidation were measured 

by (Chandler et al., 2004). 
 

In conclusion, these findings suggest that the 

failing of heart can’t control or maintain 

normal mitochondrial Biogenesis or 

functions because of down regulation of 

transcriptional pathway which controls 

whole process of mitochondrial biogenesis. 

One more interesting study was found in 

which Sex dependent difference was also 

observed during the process in which males 
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are more affected than the females in mice. 

So the biogenesis of mitochondria in heart is 

the base of healthy heart function. 

Therefore, we can conclude that the series of 

these events in mitochondria correlate with 

cardiac dysfunction and subsequently failing 

of heart in the body.  
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