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1. Introduction

That the eukaryote cell is large and contains complex subcellular structures has been
obvious since the beginning of light microscopy and this, of course, contrasts with the
smaller-and prokaryote cell without any major subcellular structures. Of the eukaryote
subcellular structures observed, the mitochondrion and the chloroplast stand out because
both are highly complex even under the light microscope. The latter also is the defining
structure by which, in general, it is possible to tell plants from animals. The importance of
both mitochondria and chloroplasts goes well beyond their visual impact even when
viewed by electron microscopy.

Without these structures, life as we know it would not exist on Earth, They both provide,
by two different mechanisms, the energy that allows eukaryotes to exist, evolve and
change the Earth to what it is today. They have also helped to create the oxygen rich and
temperate environment that we live in on Earth at present. Although the prokaryotes,
particularly the photosynthetic cyanobacteria were probably responsible for the initial
changes on Earth towards the present aerobic mild environment, without the plants in
particular, today’s environment would be very different; and without the animals, the
environment would be much more bare. Plants and animals as such would not exist
without the two organelles, the mitochondrion and the chloroplast.
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2. The distribution and function of the mitochondrion

Mitochondria are found in both animal and plant cells. Very few eukaryotic cells are
without at least one mitochondrion although examples do exist, but in these cases it is not
clear whether they lack of a mitochondrion is an ancestral or derived character. They are
the sites of oxidative cell respiration. That is they generate large amounts of adenosine
triphosphate (ATP) from the oxidation of glucose using oxygen as a final electron
acceptor. Without the mitochondrion, eukaryotic cells are limited to fermentation which
produces only a limited amount of ATP and would not allow the evolution of complex
multicellular organisms with vast energy requirements.

2.1 The structure of the mitochondrion

Matrix - Inner membrane

Outermembrane  Cristae

Figure 1: Diagram of mitochondrion

Figure 1 show a basic structure for the mitochondrion as seen by electron microscopy
with a double membrane and internal invaginations or cristae. Mitochondria range in size
from 0.5 to 1 um in diameter and a few um in length. The respiratory proteins reside in the
membrane and create ATP via a proton pump mechanism. However, the most significant
piece of structural information about the mitochondrion is that it contains its own genetic
material. That is that it has it own genome, separate from the DNA in the eukaryote
nucleus. The presence of this DNA led to the hypothesis that mitochondria evolved from
an endosymbiotic gram negative prokaryote and that the genome found in these
organelles resembles that of their prokaryote ancestor (See 4.0). The mitochondrion have
their own protein synthetic machinery, which is different from that of the eukaryotic
cytoplasm and resembles to some extent that found in prokaryotes. These ribosomes have
a different size (70S) from the cytoplasmic ribosomes (80S), being close to prokaryotic
ribosomes in size. They also show sensitivity to antibiotics that affect prokaryotic
ribosomes and resistance to antibiotics that inhibit protein synthesis by eukaryotic
ribosomes. However, they are not completely self sufficient organisms, and although they
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reproduce by fission independently of the cell nucleus, they are unable to reproduce if
purified. This is because they are required to import a range of molecules including
enzymes that are encoded by cell nucleus and synthesized outside of the mitochondrial
membrane. Specific import systems are present to transport these molecules across the
double mitochondrial membrane (Figure 1).
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