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Physiology
●

MERRF or Fukuhara Syndrome is a genetic disease
that targets organs and systems with high dependence
on mitochondria (brain, heart, skeletal muscles, kidney,
liver, nervous and muscular systems).

Affects 1 out of 400,000 people, mostly of
European descent; inherited matrilineally,
rarely spontaneous.

●

Onset is from post early development to early
adulthood.

●

Severity varies due to heteroplasmy, even in
families, but worsens with age.

●

Symptoms are myoclonus, epilepsy, loss of
coordination, short stature, elevated lactic
acid levels, muscle weakness, stiffness, lipomas,
dementia, and speech, sight, and
hearing disorders.

●
●

MRIs show parts of brain are calcified.
Stained muscle biopsies show clumps of
defective, red mitochondria.

Molecular Cause
●
●

●

●
●

●

mtDNA has 37 genes, 22 of which encode tRNA.
Cause: point mutation in mitochondrial DNA (mtDNA) due to exposure to free
oxygen radicals, lack of histones, and repair mechanisms not as sufficient as those
of nuclear DNA (nDNA).
Over 80% of cases due to A8344G mutation in MT-TK gene, which codes for
tRNALys, which brings lysine to ribosome. Due to the defective tRNAlys not being
able to carry lysine, the ribosome prematurely stops translating the protein needed
for oxidative phosphorylation in complex I and IV in the mitochondrial matrix. This
premature termination of translation happens near lysine codon.
Other related mitochondrial genes are MT-TH (tRNA for histidine), MT-TL1, MTTS1), MT-TS2, and MT-TF.
Heteroplasmy-during replicative segregation, the
mother's defective mitochondria are randomly segregated
during cell division, so the child may not have the same
proportion of mitochondria as the mother.
Threshold effect is when MERRF manifestations occur
only when a certain proportion of mutant mtDNA is
reached.

mtDNA

Treatments/Risks and Limits
●

There is currently no cure for MERRF, but there are medicines for its symptoms, which may
include coenzyme Q10, L-carnitine, and various vitamins, often in a “cocktail” combination, to
help with mitochondrial function. Anticonvulsant drugs, like levetiracetam, can help control
epilepsy and myoclonus.
● Physical therapy and aerobic exercise can increase exercise tolerance, muscle strength,
and coordination.
● Routine neurological exams, MRI, MR-spectroscopy, and electrophysiology (EEG) are
recommended to diagnose prospective mothers. High lactate and pyruvate levels can be
measured to show disruption of OXPHOS. MERRF can be
detected most effectively in the mtDNA of blood leukocytes
and skeletal muscle biopsies.
● Maternal Spindle Transfer prevents the embryo's inheritance of
mother's mutation by placing the nucleus of the mother's egg into a female
donor's healthy egg with its own nucleus removed, and then fertilizing the
egg with the father's sperm. Make sure mother won't reject and healthy donor.

●

Scientists in Taiwan are studying how cell-penetrating peptide

Pep-1 can transfer mtDNA between cells that will encode functioning
tRNAlys into cells with defective mitochondria. Detection is tedious.

Proposed Cure/Limits
●

●

●

Since nDNA can also code for tRNAlys, we can use a protein
import pathway to import tRNAlys produced from the cytosol into
the mitochondria via mitochondrial precursor protein. Yeast
tRNAlys, not human tRNA, have been imported fully or partially
into isolated mitochondria and were translated correctly. Also,
we're not sure specific tRNAs can be imported.
My proposal aims at repairing the point mutation by increasing
the number of base excision repair (BER) proteins, like
glycosylase and AP endocyclase with extensions at their Nterminus to act as mitochondrial-matrix targeting signals
(sequences of 20 to 30 residues that fold into a positively charged
amphiphilic helix with hydrophilic sides). The cytosolic proteins
with targeting signals would be made on free ribosomes. After
successfully translocating the proteins across the two
mitochondrial membranes, the proteins can get rid of their matrixtargeting signals and go perform short-patch BER.
If the cell releases too much DNA glycosylase and AP
endonuclease, the patient may be exposed to alkylation induced
tissue damage
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