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DISCOVERED THE MITOCHONDRIA
There isn’t one single person credited with discovering the mitochondria, as over the years a 
number of scientists have made important contributions to the study of the discovery of this 
important cellular structure:

1800s In 1857, Albert von Kolliker described what he called “granules” in the cells of muscles.

Other scientists of the era are also noticed these “granules”in other cell types.
1886, when Richard Altman, a cytologists, identified the organelles using a dye technique, and 
dubbed them “bioblasts”. He postulated that the structures were the basic units of cellular 
activity.

1898, Carl Benda coined the term mitochondria. He derived the term from the Greek language for 
the  words thread, mites, and granule, chondros.

Though mitochondria are an integral part of the cell, evidence shows that they evolved from 
primitive bacteria.
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WHAT IS MITOCHONDRIA ?
Mitochondria are specified structures unique to the cells of animals, 
plants and fungi.

They serve as batteries, powering various functions of the cell and 
the organism as a whole.

In nearly every cell in the body, Mitochondria are responsible for 
producing energy(called ATP) that the cell needs to function.

They are like power stations in our bodies, supplying the energy 
every cell needs to function.
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MITOCHONDRIA STRUCTURE

Mitochondria are rod shaped structure found in both 
animal and plant cells.

It is a double membrane bound organelle. It has the outer 
membrane and the inner membrane. The membrane are 
made up of phospholipids and proteins.
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The components of mitochondria are as follows:

OUTER MEMBRANE:
It is smooth and is composed of equal amounts of phospholipids 
and proteins.

It has a large number of special proteins known as the porins.

The porins are integral membrane proteins and they allow the 
movement of  molecules that are of 5000 daltons or less in weight 
to pass through it.

The outer membrane is freely permeable to nutrient molecules, 
ions, energy molecules like the ATP and ADP molecules.
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INNER MEMBRANE:
The inner membrane of mitochondria is more complex in structure.
It is folded into a number of folds many times and is known as the 
cristae.
This folding help to increase the surface  are inside the organelle.
The cristae and the proteins of the inner membrane aids in the 
production of ATP molecules.
Various chemical reactions takes place in the inner membrane of 
the mitochondria.
Unlike the outer membrane, the inner membrane is strictly 
permeable, it is permeable only to oxygen, ATP and it also helps in 
regulating transfer of metabolites across the membrane.
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INTERMEMBRANE SPACE:
It is the space between the outer and inner membrane of the 
mitochondria, it has the same membrane of the mitochondria, 
it has the same composition as that of the cell’s cytoplasm.
There is a difference in the protein contents in the 
intermembrane space.

MATRIX:
The matrix of the mitochondria is a complex mixture of proteins 
and enzymes. These enzymes are important for the synthesis of 
ATP molecules, mitochondrial ribosomes, tRNAs and 
mitochondrial DNA.
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FIG: STRUCTURE OF MITOCHONDRIA    



WHAT IS MITOCHONDRIAL DNA
Mitochondrial DNA or mtDNA or mDNA is the DNA in the 
mitochondria, rest of the DNA present in the eukaryotic cells is 
in the nucleus, in plants DNA is also found in chloroplasts.

The mitochondria have a small amount of DNA of their own.

Human mitochondrial DNA spans about 16500 DNA base pairs, 
IT represents a small fraction of the total DNA in cells. The 
mtDNA contains 37 genes. All these genes are essential for 
normal function of the mitochondria.
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CHARACTERISTICS OF MITOCHONDRIAL  DNA:
Is inherited exclusively from the mother !
mtDNA is a circular shape single chromosome
It is only 16 kb in length – contains 16,600 bp.
Codes for 37 genes.
Contains 22 tRNA and 2 rRNA coding genes.
Encodes 13 proteins that are subunits of oxidative 
phosphorylation.
Contains only exons, no introns.
Has no reparation system-high mutation rate especially in D-
loop !
No crossing over
Replicative segregation, homoplasmy and heteroplasmy.
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NUCLEAR DNA vs- MITOCHONDRIAL DNA
NUCLEAR DNA MITOCHONDRIAL DNA

FOUND IN NUCLEUS OF THE CELL FOUND IN MITOCHONDRIA OF THE CELL

2 SETS OF 23 CHROMOSOMES EACH MITOCHONDRIA MAY HAVE SEVERAL 
COPIES OF THE SINGLE mtDNA MOLECULE

MATERNAL AND PATERNAL MATERNAL ONLY

CAN “DISCRIMINATE BETWEEN 
INDIVIDUALS OF THE SAME MATERNAL 
LINEAGE”

CANNOT “DISCRIMINATE BETWEEN 
INDIVIDUALS OF THE SAME MATERNAL 
LINEAGE”

DOUBLE HELIX CIRCULAR

BOUNDED BY A NUCLEAR ENVELOPE FREE OF A NUCLEAR ENVELOPE

DNA PACKED INTO CHROMATIN DNA IS NOT PACKED INTO CHROMATIN
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SCHEMATIC REPRESENTATION OF MAMMALIAN mtDNA.
1. The double-stranded circular mammalian mtDNA

2. Molecule of ~16.5kb contains
3. Asingle longer noncoding region, the displacement loop(D Loop) region.

4. Harboring the promoters for transcription of both mtDNA strands (HSP and 
LSP) and the origin of leading strand replication (OH).

5. The origin of lagging strand replication (OL) is embedded in a cluster of 
trNA genes.

6. The genes for the two rRNAs (12S and 16SrRna).
7. 13mRNAs (ND1-6, ND4L, Cyt b,COI-III, ATP6, and ATP8).

8. 22tRNAs (F,V,L1,I,M,W,D,K,G,R,H,S1.L2,T,P,E,S2,Y,C,N,A, and Q) are indicated 
by boxes.
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THE RITOLS MODEL OF MITOCHONDRIAL DNA 
REPLICATION 
The RITOLS model of mitochondrial DNA replication. Replication 
initiates at one of two sites(OH or Ori-b), here conflated to OR, for 
origin of replication. 

Leading strand DNA synthesis progresses with concurrent 
incorporation of RNA on the lagging strand. 

At some point (frequently OL), lagging strand DNA synthesis 
initiates and the lagging strand RNA is replaced by, or converted to, 
DNA. 
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DISEASES OF MITOCHONDRIA
More than 100 different rearrangements and 100 diferent point 
mutations have been identified in mtDNA that can cause human 
disease, often involving the CNS and musculoskeletal system.

The diseases that result from these mutations show distinctive 
pattern of inheritance because of 3 unusual features of mitochondria.

1. Replicative Segregation 
2 Homoplasmy and Heteroplasmy
3. Maternal Inheritance
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1. REPLICATIVE SEGREGATION
At cell division, multiple copies of mtDNA in each  of the 
mitochondria in a cell replicative and sort randomly 
among newly synthesized mitochondria.

The mitochondria in turn are distributed randomly 
between the 2 daughter cells. This is called as 
replicative segregation.

The first unique feature of mitochondria is the absence 
of tightly controlled segregation seen during mitosis and 
meiosis of the 46 nuclear chromosomes.
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2. HOMOPLASMY AND HETEROPLASMY
One daughter cell may by chance receive mitochondria 
that contain only a pure population of normal mtDNA or a 
pure population of mutant mtDNA (Homoplasmy).

The daughter cell may receive a mixture of mitochondria 
some with and some without mutation(Heteroplasmy).
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3. MATERNAL INHERITANCE OF mtDNA
Sperm mitochondria are generally eliminated from the embryo so that 
mtDNA is inherited from the mother.

All children of a female who is homoplasmic for a mtDNA mutation will 
inherit the mutation.

None of the offspring of a male carrying the same mutation will inherit 
the defective DNA.

Maternal inheritance of  a homoplasmic mtDNA mutation causing 
Leber Hereditary Optic Neuropathy is known.
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Although mtDNA repair system do exist and, they 
are not sufficient to counteract the oxidative 
damage sustained by the mitochondrial genome.

Protective histones are also lacking.

Oxygenation process is high percentage.

The mtDNA mutation rate can be increased by 
environmental agents or by mutation of nuclear 
genes involved in mtDNA maintenance. 
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THREE TYPES OF MUTATION
It has been identified in mtDNA:
(1) MISSENSE MUTATIONS: In the coding regions of genes that 
alter the activity of an oxidative phosphorylation protein.

(2) POINT MUTATIONs:In tRNA or rRNA genes that impair 
mitochondrial protein synthesis.

(3) DELETIONS OR DUPLICATIONS OF THE mtDNA MOLECULE: 
They are generally somatic in origin, although a small 
proportion is inherited, in some diseases. 
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