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Mitochondria: uncovering the error of their ways

A recent study has revealed a new 
potential mechanism of mitochon-
drial mutagenesis, indicating that an 
unequal distribution of nucleotides 
might hold the key to some human 
diseases.

The mitochondrial genome is re-
nowned for playing by its own rules. It 
has a different structure and mode of 
inheritance to that of nuclear DNA, 
and also shows a much faster rate of 
mutation, with changes occurring up 
to 100-fold more frequently than in 
the nuclear genome. This last pecu-
liarity is particularly interesting, as 
mitochondrial mutations contribute 
to a range of human diseases, includ-
ing neurodegenerative disorders, 
heart conditions and cancer. 

Imbalances in the levels of differ-
ent dNTPs are known to cause rep-
lication errors, and previous studies 
have indicated that such asymmetries 
might be present in mitochondria. 
Shiwei Song and colleagues inves-
tigated this as a possible cause of 
increased mitochondrial mutation 
rates by measuring the levels of indi-
vidual dNTPs in rat tissues. The bal-
ance between the four nucleotides 
that make up the dNTP pool was 
significantly different in mitochon-
dria from that in other cell compart-
ments. In particular, whereas dGTP 
makes up 5–10% of the nuclear pool, 
it comprises 37–91% of mitochon-
drial dNTPs.

Is this difference likely to affect 
mitochondrial mutation rates? To 
investigate this, the authors tested 
the fidelity of human mitochondrial 

DNA polymerase in vitro in differ-
ent dNTP conditions. The enzyme 
proved to be highly accurate when 
all nucleotides were present in equal 
concentrations. However, skewing 
the pool to represent the situation in 
mitochondria resulted in a several-
fold increase in the rate of replication 
errors. The types of mistake made by 
the polymerase were also influenced 
by the excess dGTP in the mito-
chondrial pool — A•T to G•C tran-
sitions predominated, reflecting an 
increased tendency for the dGTP to 
be used incorrectly by the polymer-
ase when its levels are high.

These results fit in well with the 
mitochondrial mutations that occur 
in human disorders. In two such dis-
eases — cardiomyopathy and pro-
gressive external ophthalmoplegia — 
A•T to G•C transitions make up 55% 
and 62%, respectively, of errors in the 
mitochondrial genome. So, although 
the cause of the dNTP imbalance 
remains unknown, this additional 
peculiarity of mitochondria might 
provide an important clue to their 
role in human disease.

Louisa Flintoft
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