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TABLE 2. SEQUENCE VARIATIONS OF THE PATIENT’S MITOCHONDRIAL GENOME.

Nucleotide position Amino acid Locus Presence in Mitomap Status
substitution database
m.263A>G - MT-DLOOP Yes Polymorphism
m.310 311insC - MT-DLOOP Yes Polymorphism
m.750A>G - MT-RNR1 Yes Polymorphism
m.1438A>G - MT-RNR1 Yes Polymorphism
m.2363A>G - MT-RNR2 No Unknown
m.3010G>A - MT-RNR2 Yes Polymorphism
m.4769A>G p-M100M MT-ND2 Yes Synonymous change
m.8860A>G p-T112A MT-ATP6 Yes Polymorphism
m.9966G>A p-V2541 MT-CO3 Yes Polymorphism
m.15326A>G p-T194A MT-CYB Yes Polymorphism
m.15742C>A p.L332L MT-CYB No Synonymous change
m.16092T>C - MT-DLOOP Yes Polymorphism
m.16297T>C - MT-DLOOP Yes Polymorphism
m.16519T>C - MT-DLOOP Yes Polymorphism

The patient's mtDNA was entirely sequenced. The sequence was compared to the revised Cambridge reference sequence of
Human mtDNA. The patient was found to carry 14 nucleotide variations. No known or potential pathogenic mtDNA mutation

were identified.

Figure 5. Mitochondrial metabolic
investigations in the patient and
controls. A: Coupling efficiency (ATP/
O): Reduced efficiency of ATP
synthesis was found in the patient’s
fibroblasts in comparison to controls. B:
Reduced mitochondrial ATP synthesis,
measured by luminescence from aliquot
samples in a polarographic chamber,
was found in the patient’s fibroblasts in
comparison to controls. C: Maximal
coupled respiration rates, i.e., ADP-
stimulated oxygen consumption with
malate, pyruvate, and succinate, was
measured in the same polarographic
chamber.

associated with more complex, severe multi-organ
phenotypes [14,15]. However, no correlation has been found
between the degree of visual impairment and the location or
type of mutation in OPA1 [33,34]. The cause of this variable
phenotypic expression remains to be elucidated but could be
due to various genetic or environmental factors. Other genes
encoding proteins involved in the modulation of
mitochondrial bioenergetics and structure may influence the
phenotypic expression of the disease. For instance it has been
shown that the mitochondrial DNA, which encodes
respiratory chain subunits, can influence the expression of
ADOA [35]. Environmental factors such as drugs with
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mitochondrial toxicity could also be involved in the
penetrance and expressivity of the disease.

Our case report demonstrates the existence of a new mode
of onset of ADOA related to OPA1 mutation with an acute
and a late onset that contrast with the earlier and insidious
onset of the disease classically observed and described. The
acute-onset presentation of optic atrophies is usually
associated with Leber hereditary optic neuropathy, which
remains the main differential diagnosis of ADOA. This
mitochondrial DNA mutation-related disease is classically
associated with acute or subacute bilateral optic atrophy
occurring in the third decade of life, and preferentially
affecting males [36]. Our observation shows that acute-onset



Molecular Vision 2009; 15:598-608 <http://www.molvis.org/molvis/v15/a61>

100%

© 2009 Molecular Vision

L

90%

80%

70%

60%

50%

40%

30%

Figure 6. Quantification of
mitochondrial shape showed that the
patient’s fibroblasts (OPA1 R932C)
contained a higher proportion of short
mitochondria than controls (Appendix
3).
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presentations should benefit from OPAI analysis when
LHON mutations have been excluded. Late-onset cases of
optic atrophies are rarely considered to be caused by primary
hereditary diseases but frequently believed to be due to
secondary causes. Our case shows that OPA [ analysis can be
useful in late-onset cases of ADOA when the main secondary
causes of optic atrophies have been excluded.

The novel OPAl mutation is associated with a
mitochondrial energy defect involving reduced ATP synthesis
and a cytochrome c oxidase deficiency. A similar, but less
marked, biochemical phenotype has been previously
described in fibroblasts from patients with ADOA carrying
OPA1 mutations; in this study the reduced efficiency of
oxidative phosphorylation was found to be compensated by a
higher rate of mitochondrial respiration to maintain ATP
synthesis [22]. In our case, the marked decrease in COX
activity might limit the possibility of compensation by a
higher rate of mitochondrial respiration.

In conclusion, we report a novel OPA1 mutation in a
patient with ADOA characterized by sporadic, acute, and late-
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Figure 7. Expression of OPA1 protein in fibroblasts from the
OPA1 R932C patient and from controls. Cellular extracts were
analyzed by western blotting using antibodies against OPA1 and
HSP60 as described in materials and methods. HSP60 was used as a
mitochondrial marker and as a control for protein loading.
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onset presentation. This finding, taken together with several
recently published observations, demonstrates that the clinical
spectrum of OPAl-associated optic neuropathies is much
larger than previously believed. The systematic search for
OPA I mutations should therefore prove useful in unexplained
and atypical cases of optic atrophy.
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Appendix 1. Amplification and sequencing primers for OPA1 gene.

The nucleotide sequence of the primers used to amplify sequence NC_000003.10. To access the data, click or select
and sequence the 30 OPA1 coding exons, including exon- the words “Appendix 1.” This will initiate the download of a
intron junctions, is given according to the GenBank reference ~ pdf file that contains the information.

Appendix 2. Amplification and sequencing primers for mtDNA.

The nucleotide sequence of the primers used to amplify =~ numbering, described as being the “Light strand.” Primers in
and sequence the entire mitochondrial DNA is given Italic were those used for DNA amplification. To access the
according the Revised Cambridge Reference Sequence of the data, click or select the words “Appendix 2.” This will initiate
Human Mitochondrial DNA (RefSeq: AC 000021.2) the download of a pdf file that contains the information.

Appendix 3. Representative deconvolved images used to quantify
mitochondrial length:

Mitochondrial length was determined using integrated  fibroblasts. To access the data, click or select the words
morphometric analysis of the Mitotracker®-labeled regions “Appendix 3.” This will initiate the download of a pdf file that
created after deconvolution. The Figure shows examples of  contains the information.
the mitochondrial network observed in the patient's

The print version of this article was created on 21 March 2009. This reflects all typographical corrections and errata to the article
through that date. Details of any changes may be found in the online version of the article.
608


http://www.molvis.org/molvis/v15/a61/app-1.pdf
http://www.molvis.org/molvis/v15/a61/app-2.pdf
http://www.molvis.org/molvis/v15/a61/app-3.pdf
http://www.molvis.org/molvis/v15/a61

