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DESCRIPTION
Mitochondria are essential organelles responsible for generating 
cellular energy and regulating numerous metabolic and signaling 
pathways. Their function is critical for maintaining cellular 
health and any disruption in their activity is associated with 
various diseases. Understanding mitochondrial function 
requires precise and robust biochemical methods. These 
approaches enable the measurement of mitochondrial activity, 
structural integrity and interaction with cellular components, 
offering valuable insights into their roles in health and disease.

One of the first steps in studying mitochondrial function 
involves the isolation of mitochondria from cells or tissues. 
Differential centrifugation is a widely used technique for this 
purpose. The process begins with homogenization of the sample 
to break open cells, followed by sequential centrifugation steps 
to separate nuclei, debris and other organelles from 
mitochondria. Density gradient centrifugation is then employed 
to obtain a pure mitochondrial fraction.

Purified mitochondria are essential for studying their biochemical 
properties without interference from other cellular components. 
This allows researchers to assess mitochondrial respiration, 
membrane potential and enzyme activities. Proper validation of 
mitochondrial purity using markers such as cytochrome C oxidase 
for mitochondria and lactate dehydrogenase for cytosolic 
contamination ensures reliable results.

Mitochondrial respiration reflects the efficiency of oxidative 
phosphorylation, the process by which mitochondria generate 
ATP. The oxygen consumption rate is a key parameter used to 
evaluate respiratory activity. Instruments such as the clark-type 
oxygen electrode or extracellular flux analyzers measure oxygen 
consumption in isolated mitochondria, cells, or tissues.

Respiration is typically assessed under different conditions, such 
as state 2 (resting) or state 3 (active respiration stimulated by 
Adenosine Diphosphate (ADP)). Measuring the respiratory 
control ratio, the ratio of state 3 to state 2 respiration, provides 
insights into mitochondrial coupling efficiency. Substrate-specific 

assays using compounds like succinate, pyruvate, or malate reveal 
the functionality of specific complexes in the electron transport 
chain.

Mitochondrial membrane potential is an essential indicator of 
mitochondrial health. It is generated by the proton gradient across 
the inner mitochondrial membrane during electron transport and 
is essential for Adenosine Triphosphate (ATP) synthesis. 
Biochemical methods for assessing membrane potential include 
the use of fluorescent dyes such as JC-1, rhodamine 123, or 
tetramethylrhodamine.

These dyes accumulate in mitochondria in a membrane potential-
dependent manner. Changes in fluorescence intensity indicate 
alterations in membrane potential. A depolarized membrane 
potential, often observed in dysfunctional mitochondria, signifies 
impaired energy production and potential apoptotic signaling.

ATP production is the primary function of mitochondria and its 
measurement is a direct indicator of mitochondrial activity. 
Biochemical assays utilize luciferase-based systems that produce 
bioluminescence proportional to ATP concentration. These 
assays are performed on isolated mitochondria or whole cells to 
determine the rate of ATP synthesis under various conditions.

Substrate-specific ATP production assays are used to evaluate the 
activity of individual components of the electron transport 
chain. By supplying specific substrates like succinate or 
glutamate, researchers can pinpoint functional deficits within 
the respiratory chain.

Mitochondrial function relies on the coordinated activity of 
enzymes within the electron transport chain. Measuring the 
activity of these enzymes provides insights into mitochondrial 
health and functionality. Spectrophotometric assays are 
commonly used to assess the activity of complexes I through IV.

For instance, complex I activity is measured by the oxidation of 
NADH, which can be monitored spectrophotometrically at 340 
nm. Similarly, complex IV activity is determined by the 
oxidation of reduced cytochrome C, measured at 550 nm. These 
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probes fluoresce upon reacting with reactive oxygen species, 
 allowing quantification via spectrofluorometric or flow cytometry. 
Additionally, biochemical assays measuring the activity of 
antioxidant enzymes like superoxide dismutase or glutathione 
peroxidase complement reactive oxygen species studies.

Mitochondrial biogenesis refers to the synthesis of new 
mitochondria and is regulated by transcriptional coactivators 
such as PGC-1α. Studying mitochondrial biogenesis involves 
quantifying mitochondrial DNA content, protein levels and the 
expression of genes encoding mitochondrial proteins.
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assays require isolated mitochondria and provide precise data on 
specific enzymatic defects.

Reactive oxygen species are byproducts of mitochondrial 
respiration and play dual roles as signaling molecules and 
mediators of oxidative stress. Measuring reactive oxygen species 
is vital for understanding mitochondrial contributions to 
cellular redox balance and oxidative damage.

Fluorescent probes such as dichlorodihydrofluorescein diacetate 
or MitoSOX Red are commonly used for detecting reactive 
oxygen species in live cells or isolated mitochondria. These 
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