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The highly streamlined mitochondrial genome encodes almost exclusively a handful of transmembrane
components of the respiratory chain complex. In order to ensure the correct assembly of the respiratory
chain, the products of these genes must be produced in the correct stoichiometry and inserted into the
membrane, posing a unique challenge to the mitochondrial translational system. In this review we describe
the proteins orchestrating mitochondrial translation initiation: bacterial-like general initiation factors mIF2

Keywords: and mIF3, as well as mitochondria-specific components — mRNA-specific translational activators and
Mitochondria . P . L.

Ribosome mRNA-nonspecific accessory initiation factors. We consider how the fast rate of evolution in these organelles
2 has not only created a system that is divergent from that of its bacterial ancestors, but has led to a huge
IF3 diversity in lineage specific mechanistic features of mitochondrial translation initiation among eukaryotes.

Translational activators
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1. Introduction

The mitochondria of eukaryotic cells provide energy via the
process of oxidative phosphorylation, perform fatty acid, heme
and iron-sulfur cluster biosynthesis, and coordinate programmed
cell death [1]. According to the generally accepted endosymbiotic
theory, the ancestor of these organelles was a free-living bacte-
rium that survived engulfment to become incorporated as an
obligate endosymbiont within the cytoplasm of the host cell [2].
During the course of evolution, most of the mitochondrial protein-
coding genes have been transferred to the nuclear genome.
However, a few genes have been retained in the genome of the
modern organelle. The gene complement can differ species to
species, but mostly codes for ribosomal RNAs, tRNAs and mem-
brane components of the electron transport chain. The
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mitochondrial genome encodes just 8 proteins in yeast [3], and 13
in humans [4]. The presence of a protein-coding genome, although
small, necessitates the preservation of a functional translation
apparatus in mitochondria.

The mitochondrial protein synthesis system has a similar ar-
chitecture to that of its bacterial relatives, with the translational
cycle subdivided into four universal steps: initiation, elongation,
termination and recycling. Although there are many conserved
aspects, mitochondrial translation is characterized by a number of
distinctive features that set it apart from bacteria [5]. The mito-
chondrial ribosome is characterized by a higher protein content in
comparison with the bacterial counterpart [6]. The mitochondrial
genetic code deviates from the standard, with differences in codon
usage accompanied by a reduction in number and modifications of
mitochondrial tRNAs [7].

One of the most dramatic differences between mitochondrial
and bacterial translation is in the translational factors orches-
trating the process, especially initiation factors. In bacteria, there
are three universally present initiation factors, IFs: IF1, IF2, and
IF3 [8]. Mitochondrial IF2 (mlIF2) is universally present, mIF3 is
near-universal, with a handful of exceptions, and mIF1 is uni-
versally lacking [9]. Finally, there is a large group of lineage
specific mitochondrial translational activators, the majority of
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which have been identified in the yeast Saccharomyces cerevisiae
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Fig. 1. Domain organization of IF2 and mIF2. Location and sequence alignment of the mIF2 insertion region is shown for a set of representative species. The yellow highlighting shows the taxonomic limits of the conserved insertion

region. See Ref. [9] for a larger alignment.
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