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Abstract

Background: The rare, X-linked neurodegenerative disorder, Mohr-
Tranebjaerg syndrome (also called Deafness-Dystonia-

Optic Neuronopathy (DDON) syndrome), is caused by mutations in
the TIMMB8A gene. DDON syndrome is characterized by dystonia, early-
onset deafness, and various other neurological

manifestations. The TIMMS8A gene product localizes to the
iIntermembrane space in mitochondria where it functions in the import
of nuclear-encoded proteins into the mitochondrial inner

membrane. Frameshifts or premature stops represent the majority

of mutations in TIMMS8A that cause DDON syndrome. However,
missense mutations have also been reported that result in loss of

the TIMMS8A gene product.

Methods: We report a novel TIMMB8A variant in a patient with DDON
syndrome that alters the initiation codon and employed functional
analyses to determine the significance of the variant and its impact on
mitochondrial morphology.

Results: The novel base change in the TIMMS8A gene (c. 1A>T,
p.Met1Leu) results in no detectable protein and a reduction

iIn TIMMB8A transcript abundance. We observed a commensurate
decrease in the steady-state level of the Tim13 protein (the binding
partner of Tim8a) but no decrease in TIMM13

transcripts. Patient fibroblasts exhibited elongation and/or increased
fusion of mitochondria, consistent with prior reports.

Conclusion: This case expands the spectrum of mutations that cause
DDON syndrome and demonstrates effects on mitochondrial
morphology that are consistent with prior reports.

Methods

Patient information and ethical compliance: Informed consent was obtained

from the parents of the proband prior to participation in the

research study. All procedures employed were reviewed and approved by the

appropriate institutional review committee in the GGC IRB protocol.

Isolation of nuclear/mitochondria by subcellular fractionation: A subcellular

fractionation protocol was utilized in order to enhance the signal of the TIMM
proteins trapped within the mitochondrial intermembrane. Patient cells lines

were cultured, fractionated into two lysates, with the first containing both nuclei

and mitochondria and a second lysate including cytoplasmic and cellular

membrane contents.

SDS-PAGE and Western blotting: Fractionated samples from both patient and
control cell lines were resolved on a 15% SDS-PAGE gel followed by transfer to
nitrocellulose membranes and blocked using 5% non-fat powdered milk in TBS-T

solution for 1 hr at room temperature. Ponceau S staining was performed to

visualize total protein load.

Mitochondrial staining: Fibroblasts were seeded onto coverslips in

a twelve well cell culture plate. A rabbit polyclonal anti-P5CS

(ALDH18A1) antibody was used to label mitochondria in staining buffer for one

hour at room temperature followed by incubation with an Alexa Fluor 488 goat
anti-rabbit IgG secondary antibody. To quantify the percentage of elongated
mitochondria, images from 8 different fields of cells were obtained and the

percentage of elongated mitochondria relative to the total

mitochondria scored was determined in each field. These percentages were
then averaged and statistical significance calculated using a Student’s t-test.

y
f,———/ /;"-\;\Zé

S6ar %
UNlVl;l:-S/l\TY OF

SOUTH CAROLINA

School of Medicine

Discussion

e The variant described in this report of a c.1A>T start loss, the
methionine required to initiate protein translation is replaced leading
to a complete absence of the Tim8a/DDP protein. The absence or
variant forms of the TIMMS8A gene product, appears to only
significantly influence the function of neurons within specific neuronal
populations.

e Rates of mitochondrial fusion and fission directly dictate the
organelle’s morphology and function. The elongated mitochondria
demonstrated in the present work, which have a cigar-like (as
opposed to a globular) appearance in the patient cells, may arise due
to increased fusion—a phenotype that could reflect the failure to
Import specific inner membrane proteins or another Tim8-dependent
function.

e One theory to account for DDON syndrome pathogenesis would be
that the primary neurons of visual and audiological sensory pathways
along with other cortical tracts require an advanced level of
regulation of their mitochondrial morphology via the Tim8 and DRP1
iInteraction to ensure the appropriate distribution of mitochondria as
these primary neurons further differentiate. Failure of proper
localization of DRP1 to the mitochondria due to the absence of
the Tim8 protein leading to subsequent loss of mitochondrial fission
would cause an accumulation of elongated mitochondria. Further
differentiation of these primary neurons as the brain matures would
not allow for proper recycling of mitochondria so that accumulation of
damaged mitochondria would lead to death of these primary
neurons. This Tim8/DRP1 interaction must play a central role in the
primary neurons of the auditory and visual sensory pathways so that
in its absence, degeneration occurs to produce the hallmark DDON
symptomology and histopathologic findings.
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abnormalities characterized by increased fragmentation resulting in
smaller, more punctuated mitochondria. This morphological
difference is attributed to increased rates of mitochondrial fission due
to the lack of Opa1 mediated fusion.
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The pathogenetic mechanism of DDON is

not fully defined. However, several studies have implicated impaired
transport through the intermembrane space, and subsequent
mitochondrial dysfunction when Tim8 is unable to associate with its
binding partner, Tim13, as the primary driver of pathogenesis.

In this report, we describe a male patient harboring

a novel base change in the TIMMB8A gene (c. 1 A>T, p.

Met1Leu) with features of DDON syndrome and provide functional
studies to confirm the pathogenic status of this variant.

Clinical Summary
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Figure 1: (A) Western blot analysis of the TIMMS8A gene product in control (WT) and patient (P1)

lysates. A representative blot of three independent experiments is shown. GAPDH was used as a loading control.

fibroblast

(B) Subcellular fractionation and Western blot analysis of fibroblast and lymphoblast lysates. Lamin A/C and
GAPDH were used as controls for the fidelity of the fractionation of nuclear/mitochondria and cytosolic pools,
respectively. (C) Western blot analysis of the TIM13 gene product in control (WT) and patient (P1) fibroblast

lysates. Tim13 protein is greatly reduced but still detectable in patient cells.
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of TIMM8A and TIM13 transcript abundance in WT and P1
fibroblasts, normalized to RPL4 transcript abundance. Data
represents the average of three independent analyses.

pharmaceuticals (30-32). These drugs are characterized by binding
to ribosomes to induce a translational ‘readthrough’ of premature
stop codons to generate a full-length protein. The drug ELX-02 is an
iInvestigational synthetic eukaryotic ribosome-selective glycoside
currently undergoing clinical trials to assess its use in CF patients
currently within the US (33). Whether this compound, or other drugs
being considered for the treatment of optic neuropathy, will prove
effective requires further investigation.
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